
Oman Medical Specialty Board

Computed Tomography in Management of Patients with Non-Localizing 
Headache

Khalsa Al-Nabhani, Anupam Kakaria, and Rizwan Syed  

Oman Medical Journal (2014) Vol. 29, No. 1:28-31Oman Medical Journal (2014) Vol. 29, No. 1:28-31
DOI 10. 5001/omj.2014.07

Received: 29 Aug 2013 / Accepted: 19 Oct 2013
© OMSB, 2014

Khalsa Zahran Al-Nabhani 
Nuclear Medicine Fellow (at Institute of Nuclear Medicine, University College 
London Hospitals); Oman Medical Specialty Board, Muscat, Sultanate of Oman.
E-mail: alnabhani5@hotmail.com

Anupam Kumar Kakaria
Consultant Radiologist, Radiology Department, Sultan Qaboos University Hospital, 
Muscat, Sultanate of Oman.

Rizwan Syed
Consultant in Radiology and Nuclear Medicine, Institute of Nuclear Medicine, 
University College London Hospital, London, UK. 

Abstract

Objective: To assess the usefulness of a computed tomography scan 
in patients with non-localized headache.
Methods: One-hundred and forty-two patients with non-localized 
headache were included in a retrospective study after reviewing 
the medical records of 896 patients at the Radiology Department, 
Sultan Qaboos University Hospital. Patients with neurological 
deficits, head injury, previous intracranial intervention, or 
malignancy were excluded. Radiological findings of all patients were 
reviewed and results were divided into 3 groups: 1) no intracranial 
abnormality; 2) with clinically significant intracranial abnormality; 
and 3) positive without clinical significance or with extracranial 
abnormality. All patient history records were reviewed for a period 
of six months following their initial computed tomography scan to 
assess their clinical outcomes. The cost of computed tomography 
examination and patient radiation dose were calculated.
Results: Of the 142 patients, 64% were females and 36% males (7% 
pediatric) with an age range of 4-87 years (mean: 36.2 years). Among 
the patients, 70% demonstrated negative computed tomography 
findings (grade 1), only 4% showed clinically significant findings 
(grade 2), and 26% demonstrated incidental positive findings with 
no clinical significance (grade 3). The average cost of computed 
tomography head examination was approximately 60 Omani Riyal 
($156). The clinically significant positive cases were fewer than 
expected. The average estimated radiation dose for these patients 
was calculated and found to be around 5 times the radiation from 
computed tomography of the sinuses (approximately 1.84 mSv).
Conclusion: Computed tomography head imaging in patients with 
non-localized headache has a low likelihood for any significant 
intracranial lesion. Therefore, it is essential to develop local standard 
operating procedures to promote better utilization of this type of 
imaging service.

Keywords: Computed tomography; CT head; Non-localized 
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Introduction

Headache or cephalalgia is defined as diffuse pain not confined 
to the area of distribution of a nerve.1 It is one of the most common 
disorders experienced by patients which results in a visit to a 
physician. This is the most common symptom for which patients 
are referred by the physicians. It has been shown that 95% of young 
women and 91% of young men experienced headache during a 
12-month period, and of these, 18% of women and 15% of men 
consulted a physician.2 Generally, 46% of the adult population 
experiences a headache disorder, while 11% suffer from migraine 
headache and 42% from tension-type headache. Approximately 3% 
experience chronic daily headache.3,4

Most patients presenting with the sole symptom of headache 
with no focal neurological deficits can be managed without 
radiological imaging. However, with the expansion of imaging 
centers, increasing patient demand for thorough and "high-tech" 
evaluation and the increasing practice of "defensive medicine," 
neuroimaging -in the form of CT or MRI- is widely used to 
evaluate headache.2,5-7 Headache also continues to account for a large 
number of visits to the emergency department.5 However, a large 
proportion of the imaging studies in these patients are negative.6,7

Due to these factors, this study was done to examine the diagnostic 
outcomes of CT imaging in patients presenting with non-localized 
headache at Sultan Qaboos University Hospital (SQUH).

Methods

A retrospective analysis of all CT head requests at SQUH during 
the period of 1st May 2009 to 31st October 2009 was performed. 
Patients with non-localized headache were included and those with 
neurological findings, history of head injury, previous intracranial 
intervention or malignancy, which by itself would warrant a CT 
head, were excluded.

One-hundred and forty-two of 896 CT head examinations 
performed at SQUH during this period satisfied the inclusion 
criteria. Clinical and radiological findings of all of these patients were 
reviewed. The standard protocol of plain CT scan head was adopted 
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and was performed with the patient in supine position. Sequential 5 
mm scans were obtained from the angle of the mandible to the vertex 
of the skull using a Siemens Somatom Sensation scanner using the 
standard head CT protocol (120 kV, 380 mAs for adults and 120 
kV 190 mAs for pediatric patients). This study was approved by the 
institutional research committee which authorized the review of the 
patients' charts.

CT images were reviewed by an experienced radiologist and the 
results were divided into three groups: 1) no intracranial abnormality 
(negative study); 2) clinically significant intracranial abnormality, 
such as space-occupying lesions or intracranial hemorrhage (Table
1); and 3) positive without clinical significance or with extracranial 
abnormality (e.g., sinusitis, ischemic or atrophic changes or 
incidental findings which do not explain the headache). This was a 
similar approach to that used in the previous studies assessing MRI 
and CT scan use in management of non-focal headache.5,6 Follow-
up clinical notes of all these patients were reviewed for six months 
after the initial CT examination to assess the outcome and impact 
on management. 

The average estimated radiation dose for CT head of these 
patients was calculated (Dose-Length Product; DLP: 800 mGy/
cm, effective dose: 1.84 mSv) and for CT sinuses (DLP: 140 mGy/
cm, effective dose: 0.32 mSv). The average DLP was obtained 
from the patients' imaging protocol and then the effective dose 
was calculated by multiplying the DLP (in Gy/cm) by the factor 
0.0023 mSv mGy-1 cm-1 to obtain an effective dose in mSv for the 
patients.9 Hence, the radiation dose for the patient from CT head 
was approximately 5 times the radiation from CT sinuses. The cost 
of each CT head study was around 60 OR ($156) and for MRI 
brain was 100 OR ($260).

Results

One-hundred and forty-two out of 896 (16%) patient records 
satisfied the inclusion criteria. The patients were between 4 to 87 
years of age (mean age: 36.2 years). Of these, 64% were females, 36% 
were males (F:M ratio = 1.8:1), wherein 7% (n=10) were pediatric 
patients (<13 years), (Fig. 1). Also, the scans of 100 (70%) patients 
showed negative CT findings and they were categorized as grade 1, 
while 42 (30%) patients showed positive CT findings which were 
classified as grade 2 or grade 3. In grade 1, there was a female sex 
predominance (F:M ratio=2:1) which may be explained by the 
larger female number in the studied group. In grade 2 category of the 
positive results, 6 (4%) patients showed clinically significant findings 
which impacted on patient management (mean age: 40.2 years), 
(Table 1, Fig. 2). There were 36 (26%) patients with grade 3 positive 
scans (F: M=2.7:1) which included old infarcts, chronic small-vessel 
ischemic changes, encephalomalacia and extracranial abnormality like 
sinus opacification or mucosal thickening. In this group, 7% of the 
patients had sinus-related headache (Fig. 3). The majority of normal 
CT findings were associated with younger age (mean: 32.2 years) 
compared to cases with identifiable cranial abnormalities (mean age: 
47.7 years). This category also included all the pediatric cases.

Figure 1: Age and gender distribution of the studied group of 
patients. It shows that most of the cases presented to the hospital 
with non-localizing headache during the study period were young 
female patients.

Figures 2a & 2b: CT brain post IV contrast. There was extensive 
hemorrhage noted in the frontal horns of the lateral ventricles, 
third ventricle and fourth ventricle (thin arrows) with associated 
ventriculomegaly. There was hemorrhage in the cisterna magna 
with effacement of the sulci. A small arteriovenous malformation 
was noted with a 1.5 cm nidus (thick arrow) anterior to the frontal 
horns of the lateral ventricle at the midline. The remainder of the 
vascular structures appear within normal.

Figures 3a & 3b: Plain CT scan of head (CT sinuses). Normal brain 
scan showed mucosal thickening in the maxillary (thin arrows) and 
ethmoid (thick arrows) sinuses. Small polypoidal thickening in the 
right sphenoid sinus. No evidence of fracture.
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In addition, 4 out of 42 patients with suspicious findings on CT 
head led to further examination with brain MRI which showed no 
abnormality. Four adult patients died, three of them had negative 
CT head and died of other causes (aspiration pneumonia, sepsis, 
and hepatic encephalopathy with gallbladder cancer). One of them 
died due to pontine hemorrhage which was detected on CT head. 
Moreover, 20 out of the 142 (20%) patients were followed-up at 
the psychiatric clinic for various psychiatric illnesses. Most of these 
patients (n = 17) had negative findings on CT head (Category 1) 
and only 3 patients had category 2 findings (incidental falx lipoma, 
age related brain atrophy and sinusitis).

Discussion

The results of the present study match similar studies conducted 
by Jordan YJ et al. which, however, studied "patients who only 
presented to the emergency department with non-focal headache" 
and "the economic impact and utility of MRI in patients with non-
focal headache." The same categorization system in that study was 
used to classify the participants in the current study into 3 groups.5,6

The female patients in this study were double the number of the 
male patients and most of them were aged between 20 to 50 years 
which is regarded as a young age group and the majority of the 
patients were classified as category 1.

It is interesting to note that in the current work, a somewhat 
higher percentage (4) of clinically significant cases (subarachnoid 
and intracerebral hemorrhage, Pontine hemorrhage, arachnoid cyst, 
cerebritis, brain tumor, malignant otitis externa with osteomylitis of 
the skull bone) were found than those observed by other authors. 
Most have shown less than 2% of patients presenting with non-focal 
headache.6,9,10 Jordan YJ et al. and Jordan et al. demonstrated 1.02% 
and 1.5%, respectively, of clinically significant results that required 
a change in management.5,6 The present findings indicate that the 
utility of CT scan in patients with non-focal headache has low 
positive yield which concurs with prior studies that found CT scan 
to have limited utility in this group of patients.5,6,10-13

Guidelines have been developed for imaging headache by the 
American College of Emergency Physicians, and the American 
College of Radiology Expert Panel on Neuroimaging.3,14

The consortium's guidelines are based on extensive peer-
reviewed literature and the accumulated evidence. The general 
recommendations suggest that screening patients with isolated 
headache by CT or MRI is usually not warranted and neuroimaging 
should be considered in patients with non-acute headache and 
unexplained abnormal findings on neurologic examination (Grade 
B recommendation). Patients with a history of cancer or those who 
are in high-risk groups for intracranial diseases are also more likely 
to have pathology detected at imaging and should be imaged.3,5,14 In 
line with these guidelines, local standard operating protocols should 
be developed for patients with non-localized headache. This will 
enable the radiologist to prioritize the requests, thus reducing the 
waiting time and reducing the demand on the radiology department. 
The guidelines are summarized in Table 2.

Table 1: Guidelines* for neuroimaging (CT) in patients with 
headache.

Recommendation Clinical indication

Emergent CT imaging is 
recommended

• “Thunderclap” headache with                  
abnormal neurological examination.

Emergent CT imaging 
is recommended to 
determine if it is safe to do 
lumbar puncture

• Headache accompanied by signs of 
increased intracranial pressure.

• Headache accompanied by fever, 
neck stiffness and meningeal signs.

Emergent CT imaging 
should be considered 
(under the category of 
new onset headache, 
CT is the first line 
technique, followed 
by CT angiography or 
MR imaging to confirm 
diagnosis)

• Isolated “thunderclap” headache.

• Headache radiating to neck.

• Temporal headache in an older 
individual (after 50 years of age).

• New onset headache in a 
patient who is HIV positive has 
a prior diagnosis of cancer and is 
in a population at high risk for 
intracranial disease.

• Headache accompanied by 
abnormal neurological examination, 
including papilloedema or unilateral 
loss of sensation, weakness or 
hyperflexia.

Emergent CT imaging is 
not usually warranted

• Migraine and normal neurological 
examination.

Emergent CT imaging is 
not recommended (some 
evidence for increased 
risk of intracranial 
abnormality, not sufficient 
for recommendation)

• Headache worsened by Vasalva 
manoeuver, which wakes the patient 
from sleep, or is progressively 
worsening.

Emergent CT imaging 
is not recommended 
(insufficient data)

• Tension type headache and normal 
neurological examination.

* Guidelines developed by the US Headache Consortium, the American College 
of Emergency Physicians and the American College.

Previous studies have shown that CT and MRI imaging of 
non-focal headaches yield a low percentage of positive clinically 
significant results.9,15,16 It is estimated that CT scan accounts for 
10% of all diagnostic radiological examinations and contributes up 
to 70% of the collective radiation dose delivered to patients.17 The 
growing use of CT scan is accompanied by the growing concerns 
about risks associated with radiation exposure. The National 
Academy of Science has published a series of reports about the 
biological effects of ionizing radiation. It estimated that a single dose 
of 10 mSv is associated with a lifetime risk of 1:1000 for developing 
solid cancer or leukemia.9,18 Thus the benefit to risk ratio for any 
patient will be driven by the benefit and appropriateness of CT 
examination. In this study, 7% of the patients could have had less 
radiation dose by undergoing proper CT scan such as CT sinuses. If 
the correct examination was requested by the physician and proper 
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history was provided in the request form, undue radiation exposure 
could have been avoided. In addition, the average cost to perform 
a CT head at SQUH was 60 OR ($156). Hence, the total cost for 
the total studied population was 8,520 OR ($22,200) excluding the 
additional cost incurred for those who then underwent brain MRI, 
which also showed negative results (400 OR; $1,000). Since only 
4% of the studied patients' imaging were significantly positive, then 
the total cost per clinically significant CT findings detected was 240 
OR ($600).

Although 14% of the patients with negative CT scans were then 
followed-up at the psychiatric clinic, it is not clear how significantly 
the CT scan findings had aided the management of these patients. 
Setting up standard operating procedures (SOPs) and developing 
pathways for the clinicians to refer such patients will definitely 
improve the quality of care and will undoubtedly  reduce the 
patients' exposure to radiation as well as the overall cost on the 
radiology deparment, and thus improve the radiology services by 
minimizing long waiting lists which remains a priority given the 
growing demands on the radiology department.

Conclusion

CT head imaging in patients presented with non-localizing 
headache yields a low percentage of clinically significant positive 
results. Therefore, a local clinical practice guideline seems necessary 
for decision making with respect to imaging. This will aid towards 
prioritizing high risk patients and will act as a guide towards the 
appropriate imaging modality. It will certainly reduce unnecessary 
radiation exposure to patients as well as reduce the waiting time for 
imaging services provided by the radiology department.
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