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ABSTRACT
Objective: To assess the appropriateness and outcomes of computed tomography brain scanning for headaches
in a paediatric population.
Materials and Methods: Medical records and radiological reports for all computed tomography brain scans
performed on paediatric patients aged 18 years or younger presenting with headache during the period 1 July
2005 to 31 December 2005 at Tuen Mun Hospital were reviewed. All headache variants were allocated an
appropriateness rating for imaging based on the American College of Radiology Appropriateness Criteria
values for children with headache. The case distribution of different appropriateness rating values was then
analysed to produce an overall picture of the appropriateness of the computed tomography studies performed.
Results: The yield of positive findings was highest in those with fever or underlying disease (59%), and
substantial also (25%) for those with a history of trauma. These were the only patient groups who were found
to have significant intracranial pathology on computed tomography brain examinations.
Conclusions: This audit suggests that a proportion of the computed tomography studies performed for children
presenting with headache may have been inappropriate. The development of a local guideline for imaging
referral is indicated.
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INTRODUCTION
Headache is a commonly reported symptom among
paediatric patients. The primary medical concern when
a child presents with headache is the possibility of intra-
cranial pathology. The high prevalence of headache
and the low yield of imaging in paediatric patients who
present with headache alone bring into question the
value of screening. However, there are clinical features
that influence the yield of positive imaging examinations.
Numerous studies have helped identify clinical symp-
toms and signs that, when associated with headaches,
appear to be useful predictors of positive imaging evalu-
ation and therefore the appropriateness of imaging.1 The
objective of this study was to assess the appropriate-
ness and outcomes of computed tomography (CT) brain
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scanning for headaches in the paediatric population
presenting to a regional hospital in Hong Kong.

MATERIALS AND METHODS
Standards for Audit
The American College of Radiology Appropriateness
Criteria® (ACRAC) for children with headaches was
chosen as the standard for the current audit report.
Released in 1999 and revised in 2005 by the American
College of Radiology, the ACRAC is a clinical guide-
line on the appropriateness of various imaging modalities
used for children with headache.1 The guideline was
developed following an analysis of the literature and
expert panel consensus.

The ACRAC classifies headaches into five variants:
(1) Isolated headache. These are headaches unaccompanied

by neurologic signs and symptoms or historical data.
(2) Headaches with positive neurologic signs or symptoms,

including papilloedema, gait disturbance, abnormal
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reflexes, cranial nerve findings, altered sensation,
nystagmus, or confusion. Although not specified in
the ACRAC, convulsion was included under this
variant for the purpose of this audit.

(3) Headaches with supporting historical data, such as
diplopia, morning vomiting; headaches that awaken
the patient from sleep; intense, prolonged, and in-
capacitating headaches with an absent family
history for migraine; headaches that are increasing
in frequency, duration, and intensity; vomiting.

(4) Acute severe (thunderclap) headache, and absence
of family history of migraine.

(5) Common or classic migraine with no neurologic
findings.

The ACRAC assigned appropriateness ratings (AR) for
various imaging modalities for each headache vari-
ant. The imaging modalities considered include CT,
magnetic resonance imaging (MRI), and catheter
angiography. An AR of 1 implies the radiological ex-
amination modality is least appropriate for that head-
ache variant, whereas an AR of 9 suggests that the
modality is most appropriate. For the purpose of this
audit, the AR for MRI was used as a comparison.

For variants 1 and 5, isolated headaches and common
or classic migraine, respectively, both CT and MRI were
assigned a low AR of 2. For variant 2, headaches with
positive neurological signs or symptoms, both CT and
MRI were given an AR of 8, while for variant 3, head-
aches with supporting clinical data, CT was given an
AR of 8 and MRI a higher AR of 9. For the purposes of
this audit, the AR for CT has been sub-categorised to
8A for variant 2, and 8B for variant 3 (see Table 1). In
variant 4, ‘acute severe (thunderclap) headache and ab-
sence of family history of migraine’, CT was given an
AR of 9 and MRI an AR of 8.

The ACRAC did not provide definitive AR values for
some types of headache. These included headache where
there was a history of trauma, and headache associated
with fever or known underlying disease. In the former
cases, the ACRAC considered it “prudent to consider
imaging of patients in whom neurologic signs or symp-
toms are positive, whose headaches are associated with
vomiting, or whose headaches are increasing in fre-
quency, duration, or severity, regardless of the severity
of the initial trauma”, (page 5).1 In patients with fever,
the ACRAC suggested that neurologic signs and symp-
toms, such as nuchal rigidity or alteration in conscious-
ness, may be indications for imaging. For those with
known underlying disease (such as immunocompro-
mised patients, children with known neoplasms, those
with sickle cell disease, and patients with coagulo-
pathy or hypertension), the ACRAC recommended a
lower threshold for imaging. In this audit, cases pre-
senting with these two variants of headaches — head-
ache with a history of trauma, and headache associated
with fever or underlying disease, were also included
and analysed.

Clinical Data
The audit involved a retrospective review of medical
records and radiological reports for all CT brain scans
performed on paediatric patients (≤18 years) presenting
with headache during the period 1 July 2005 to 31
December 2005 at Tuen Mun Hospital. During this 6-
month period, Tuen Mun Hospital, a regional hospital
in Hong Kong, admitted a total of 3788 paediatric pa-
tients and performed a total of 293 CT examinations for
all paediatric cases.

Clinical History
A list of all paediatric patients who had had a CT brain
scan from 1 July to 31 December 2005 was generated
using the Radiology Information System. A review of
these CT reports was performed and those with a
clinical history of headache were selected. The clinical
records of these patients were retrieved and a search for
additional historical and clinical data was made. The
headache variants were allocated an AR according to
the ACRAC-assigned values for children with headache.
The case distribution of different AR values was then
analysed to produce an overall picture of the appropri-
ateness of the performed CT studies.

Computed Tomography Findings
Following a review of the CT reports, the cases were
further divided into two categories of CT findings,

Table 1. Summary of headache variants and computed tomography
(CT) and magnetic resonance imaging (MRI) appropriateness ratings
used in this audit.

Headache variant Appropriateness
Rating Scale*

CT MRI

Isolated headache 2 2
Headaches with positive neurologic 8A 8
signs or symptoms, including convulsion
Headaches with supporting historical data 8B 9
Acute severe (thunderclap) headache and 9 8
absence of family history of migraine
Common or classic migraine 2 2

* American College of Radiology Appropriateness Criteria® (Appropriateness
Rating Scale: 1 2 3 4 5 6 7 8 9; 1 = least appropriate, 9 = most appropriate).
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namely ‘normal’, ie, no focal intracranial or extracranial
(eg. paranasal sinuses) abnormality; and ‘positive
findings’, ie, intracranial or extracranial lesions. The
distribution of normal versus positive findings among
groups with different AR values was reviewed, with
the objective of producing a crude assessment of the
occurrence and nature of positive CT findings in this
cohort.

Clinical Outcomes
This audit further focused on the cases with high AR
values (8A, 8B, 9) because of the high clinical suspi-
cion of intracranial lesions in these patients. The clin-
ical diagnoses made following CT scanning were
analysed, with particular attention paid to the role of
CT studies in overall clinical management.

RESULTS
Clinical History and Appropriateness Ratings
A total of 88 CT brain scans were performed in 82 pa-
tients during the six-month period. Of these, 52 were
urgent studies. Of the total 88 CT studies performed,
1% had an AR of 9, 26% had an AR of 8 (8A, 8%;
8B, 18%), and 22% an AR of 2. A further 33% had

fever or underlying disease, including being immuno-
compromised, having congenital heart disease, a
ventriculo-peritoneal shunt or known brain tumour (with
or without surgical treatment). The remainder (18%) had
a history of head injury.

Computed Tomography Findings
Overall, 69% of the CT studies were normal (Table 2,
Figure 1). The single case with an AR of 9 had normal
findings, and 100% of the studies with an AR of 8A
were normal. In the studies with an AR of 2, 84% re-
vealed no abnormalities, while the three cases with posi-
tive findings all had sinusitis. Among the studies with
an AR of 8B, 75% were normal; in the 25% of studies
with positive findings there were three cases of sinusitis,
and one case with a probable dystrophic calcification in
the right temporal lobe. Overall, none of the studies with
an AR of 8 revealed a significant intracranial lesion.

Positive findings were observed in 25% of cases with a
history of trauma, including three cases of skull frac-
ture (one with haematoma), and one with prominent
ventricles. In the 29 studies completed in patients with
a history of fever or underlying disease, 59% showed

Table 2. Computed tomography (CT) findings according to appropriateness ratings.

Appropriateness rating No. of cases CT findings

Normal Positive findings

2 19 16 3 (all sinusitis)
8A 7 7 0
8B 16 12 4 (3 sinusitis, 1 probable dystrophic calcification)
9 1 1 0
Trauma 16 12 4 (2 skull fractures, 1 skull fracture and haematoma, 1 prominent

ventricles)
Fever or underlying disease 29 12 17 (included hydrocephalus, residual tumour, encephalomalacia,

arachnoid cyst, intracranial haemorrhage)
Total 88 61 27

Figure 1. Findings on computed tomography brain scans according to appropriateness ratings (AR).
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positive findings, including hydrocephalus, encephalo-
malacia, an arachnoid cyst, intracranial haemorrhage,
and residual tumours.

Clinical Outcomes
Clinical outcomes of cases with an AR of 8 or 9 are
summarised in Table 3. There were four cases recom-
mended for lumbar puncture (one did not undergo the
procedure due to failure to obtain parental consent)
and empirical treatment for meningitis following CT
scanning. The Accident and Emergency Department
discharged three cases following exclusion of intra-
cranial haemorrhage on CT. In the three cases with a
history of convulsion and loss of consciousness, CT ex-
cluded the presence of intracranial space-occupying
lesions. Other diagnoses made following CT scanning
included tension headaches, sinusitis and migraine. The
remainder of the outcomes, such as referral to psychiatry,
diagnoses of upper respiratory tract infection, Bell’s
palsy and labyrinthitis, were less obviously related to
the patients’ headache presentation.

DISCUSSION
Headache is common in children. The prevalence of
headache in patients aged 7 years or younger has been
reported as 19 to 51%.2 In children aged 7 to 15 years,
60% were reported to have experienced headaches.2 In
adolescent boys and girls, the prevalence of headaches
was found to be 56% and 74%, respectively.3

A primary concern in children with headache is the
possibility of intracranial pathology. Although brain tu-
mours constitute the largest group of solid neoplasms
found in children, the incidence in the paediatric age
group approximates only 3 per 100,000 per year.4

Irrespective of the clinical history, most children referred
for imaging have normal studies or incidental findings
that do no relate specifically to the headache present-
ation.5 Clinical experience from primary care physicians,
paediatricians, and neurologists indicates that neuro-
imaging studies have a limited diagnostic role in
children with headaches.1

This audit reviewed the CT brain studies performed
for children with headaches during the period 1 July 2005
to 31 December 2005. Of the total number of CT examin-
ations performed in paediatric patients during this six
months, 30% were CT brain scans performed in chil-
dren complaining of headaches. By no means did this
30% have a homogeneous clinical presentation. On the
contrary, the group was diverse, both in terms of symp-
tomatology and in terms of risk for significant intracra-
nial pathology. By adopting the ACRAC as the standard
for audit, we were able to stratify these heterogeneous
cases into groups according to AR to facilitate analysis.

One of the main objectives of the audit was to identify
those cases with a low AR. Cases with an AR of 2 (iso-
lated headache and migraine) comprised 22% of all CT
brain studies. Over 80% of these CT examinations were
normal, and sinusitis was the only positive finding for
the remaining cases. The ACRAC recommended no
imaging for this group of patients. While we realise the
decision to forgo imaging in children with isolated head-
aches is unlikely to be easy, prudent clinical assessment
might have helped to identify these low-risk children
and thus avoid their unnecessary exposure to radiation.
There is substantial room for improvement in this area
of clinical decision-making and continuous auditing
could be instrumental in this regard.

Table 3. Outcome of cases with appropriateness ratings of 8 or 9.

Outcome/diagnosis Total no. cases Radiological findings

Normal Positive findings

Tension headache 3 3 0
Upper respiratory tract infection 3 3 0
Proceeded to lumbar puncture 3 2 1 (dystrophic calcification)
Empirically treated as meningitis (parents declined 1 1 0
lumbar puncture for child)
Discharged from Accident and Emergency Department 3 3 0
Sinusitis 3 0 3 (sinusitis)
Convulsion 2 2 0
Psychiatric referral 2 2 0
Migraine 1 1 0
Bell’s palsy 1 1 0
Labyrinthitis 1 1 0
Excluded intracranial pathology in patient with history 1 1 0
of loss of conciousness
Total 24 20 4
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At the other end of the appropriateness spectrum were
cases with a history of fever or underlying disease, or a
history of trauma. These cases comprised one-third
and 18% of the total number of studies in this audit,
respectively. The ACRAC did not allocate AR for these
groups of paediatric patients but did recommend a
low clinical threshold for recommending CT brain scans.
Our results demonstrated that the yield of positive
findings was highest in those with fever or underlying
disease (59%), and substantial also (25%) for those
with a history of trauma. Of note, these were the only
patient groups who were found to have significant
intracranial pathology on CT brain examinations. Con-
sidering this finding in relation to daily practice, it
would appear appropriate for radiologists to regard these
or similar cases as indicating CT studies, with a high
chance of obtaining significant positive findings in
these groups.

Between the two ends of the clinical spectrum were those
cases in which there was high clinical suspicion of in-
tracranial pathology, mainly due to symptoms of con-
cern or positive neurological signs. These were cases
with an AR of 8A, 8B and 9. Little was mentioned in
the literature about the correlation of CT findings with
clinical presentation in similar cases. As clinical suspi-
cion is greatly influenced by local clinical practice, it
would be interesting to consider how CT studies con-
tribute to patient care in our locality. The case numbers
with an AR of 9 were too small (n = 1) to allow mean-
ingful analysis. Cases with an AR of 8B (headaches with
supporting clinical data) comprised 18% of the total
cases. A quarter of these cases yielded positive findings;
however, none revealed significant intracranial lesions.
As for the 8% of cases with an AR of 8A (headaches
with positive neurological signs or symptoms), none
revealed significant intracranial pathology. Hence, at
least in this cohort, individual clinical symptoms or signs
did not appear to be useful predictors of significant posi-
tive imaging findings. Nonetheless, this does not un-
dermine the importance of CT scanning in the overall
management of this group of patients. A review of their
clinical outcomes demonstrated that the main role of
CT studies was to exclude important intracranial lesions,
which in turn hastened evaluation, diagnosis and
appropriate treatment. We therefore concur with the
ACRAC recommendation that CT is an appropriate ex-
amination for this group of cases. For the group with an
AR of 8B, the ACRAC recommended imaging with
MRI. As none of these patients was investigated with
MRI subsequently, we could not confirm whether MRI

would have been useful. The lack of accessibility and
longer waiting time for MRI compared with CT studies
in our locality currently precludes compliance with all
ACRAC recommendations.

CONCLUSION
Radiologists have a responsibility to ensure proper and
prompt use of imaging services. This audit suggests that
a proportion of the CT studies performed for children
presenting with headache may have been inappropriate.
This applies mainly to cases with isolated headache and
cases presenting with common or classic migraine,
together comprising approximately one-fifth of the
total number of children presenting with headache in-
cluded in this audit. Liaison with paediatric colleagues
to develop appropriate referral protocols would likely
reduce the number of CT studies requested and thus
avoid unnecessary irradiation for some cases. The time
interval from clinical evaluation to imaging would also
be useful data to monitor in such future audits.

Given the relatively high proportion of cases with ab-
sent significant positive findings on CT scanning, MRI
appears to be an attractive alternative to potentially
improve diagnostic accuracy. Correlation between CT
brain scanning and MRI brain scanning in children with
headache might warrant evaluation in the future.

A local clinical practice guideline appears necessary
for decision-making with respect to imaging. Not only
would a local guideline aid the identification and
prioritisation of high-risk children, it would act as a guide
to the appropriate imaging modality. The construction
of such a guideline should be a multidisciplinary effort
between paediatricians and radiologists, and should be
based on available literature and existing evidence-based
clinical practice guidelines used by other institutions.
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