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Imaging in headache disorders

SUMMARY
Patients with a suspected change in intracranial pressure or a trigeminal autonomic cephalgia 
require MRI.

The need for investigation for other headache disorders is guided by the clinical evaluation of the 
patient. Particular care should be taken to identify any ‘red flags’.

Incidental findings on MRI occur in approximately 2% of patients. Patients with migraine have an 
increased rate of white matter lesions, but these are of uncertain clinical significance.

is required. This not only determines the need for 
imaging, but also guides which imaging modality 
to use.

The recognition of red flags is useful for identifying 
which patients need further evaluation, however the 
specific differential diagnosis should be considered. 
This guides the choice of investigation and its urgency. 
For example, a patient with suspected stroke or 
meningitis requires urgent evaluation, while a patient 
with a recent change in the pattern of their headache 
is likely to be suitable for outpatient evaluation.

Green flags are reassuring features in a headache 
history (Table 2). They suggest a secondary cause 
of headache is unlikely. The green flags were 
determined by an expert group of the International 
Headache Society,9 but have not been validated in a 
prospective study.

Patient
When deciding on the need for investigation, 
patient factors such as age and general health are 
the most critical consideration. A patient with new 
headaches late in life, or in the setting of malignancy 
or immunosuppression, always requires further 
evaluation, regardless of other factors. The presence 
of neurological or systemic signs in relation to the 
headache also requires further evaluation. Conversely, 
the presence of a strong family history of similar 
headaches is a reassuring factor.

Pattern
The temporal pattern of a patient’s headache can 
help distinguish primary and secondary causes. A 
headache that has been present and unchanged from 
childhood, or is consistently related to menstruation, 
is less likely to have a secondary cause.9 Conversely, 
a recent onset or new pattern is suspicious for a 
secondary cause of headache. The timing of the 
change in pattern can give a clue as to the cause, such 
as in the case of medication-overuse headache.

Introduction
Headache disorders are a leading cause of disability. 
Worldwide, migraine is the second leading cause 
of years lived with disability and, in Australia, it is 
among the top 20 reasons for consulting a GP.1,2 
While migraine is the most common disabling 
headache disorder, patients and clinicians are often 
concerned a headache could be a symptom of 
secondary pathology.

In a Norwegian population study, the one-year 
prevalence of secondary headaches was 2.14%. In 
80% of these, the cause of the secondary headache 
could be diagnosed on the patient’s history.3

In a UK tertiary referral headache service, 3655 
consecutive patients were screened using ‘red flags’ 
to identify the need for imaging. Over a five-year 
period, 14.5% underwent imaging, with 11 patients 
having a significant finding. This represents 2.1% of 
patients scanned or 0.3% of the clinic population.4

There are several evidence-based guidelines that 
recommend that imaging of patients with headaches 
should not be routine. The need for imaging should be 
guided by clinical evaluation.5-7

Clinical evaluation
A thorough clinical assessment is essential for 
evaluating a patient who presents with headache 
and for determining the need for imaging. The key 
features of a headache history can be summarised by 
‘the 5Ps’:

	• patient

	• pattern

	• phenotype

	• precipitants

	• pharmacology.8

A thorough headache history, considering potential 
red flags (Table 1)8 and ‘green flags’ (Table 2),9 
coupled with a detailed neurological examination 
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Phenotype
The characteristics of a headache in an individual 
are called the phenotype. Accurate evaluation of 
the phenotype is key to determining the headache 
disorder. In the setting of an established, recurrent 
phenotype, the presence of a new phenotype 
requires increased clinical vigilance. However, the 
presence of a phenotype with features of a primary 
headache disorder, such as tension-type headache 
or migraine, should not provide false reassurance 
if there are red flags. For example, in one study 
of patients who were found to have primary or 
metastatic brain tumours, 77% presented with 
headaches phenotypically in keeping with tension-
type headache.10 Some phenotypes always require 
further evaluation. These include the ‘thunderclap’ 
headache and trigeminal autonomic cephalgias, such 
as cluster headache.

Precipitating factors
The relationship of the headache to precipitating or 
provoking factors can provide a further clue to the 
underlying aetiology. A trigger, for example alcohol, 
may suggest a primary headache disorder such as 
migraine or cluster headache, whereas eating tyramine-
containing food while taking a monoamine oxidase 
inhibitor suggests a secondary cause. Precipitating 
factors such as the valsalva manoeuvre or a change 
with posture are concerning because they may be 
due to posterior fossa pathology or raised intracranial 
pressure. Headaches can occur solely in ‘task-specific’ 
settings, such as exertion, intercourse or sleep, and the 
clinician should be alert to these factors in the patient’s 
history. Finally, new headaches that are ‘precipitated’ 
in the setting of pregnancy, postpartum, or ischaemic 
heart disease (cardiac cephalgia) may be suspicious for 
a secondary cause, and require specific consideration.

DIAGNOSTIC TESTS

Table 1   �The SNOOP4 list of ‘red flags’ for secondary headaches8

Mnemonic Examples of red flags Possible secondary headache

S Systemic symptoms Fever, weight loss Meningitis, encephalitis, giant cell arteritis

Secondary risk factor Malignancy, immunosuppression Metastasis, leptomeningeal carcinomatosis

N Neurological deficit Focal neurological sign, altered 
conscious state

Stroke, space-occupying lesion, 
hydrocephalus

O Onset Thunderclap, abrupt onset Includes subarachnoid haemorrhage, 
pituitary apoplexy, cerebral venous sinus 
thrombosis

O Older age New or progressive headache 
(>50 years)

Mass lesion, giant cell arteritis

P4 Positional Changes with change in posture Intracranial hypotension or hypertension

Pattern change Change in character from  
baseline

Mass lesion

Precipitated by Valsalva, coughing, sneezing Posterior fossa lesion

Papilloedema Visual obscuration Idiopathic intracranial hypertension

Table 2   �Potential ‘green flags’ for primary headaches9

Green flag Rationale

The current headache was present 
during childhood

Secondary headaches are uncommon in childhood and common secondary 
causes in childhood (viral, post-trauma) do not usually persist.

The headache is temporally related to 
the menstrual cycle

Menstrually related migraine is common, and the probability of a migraine 
during the first three days of the menstrual cycle is elevated.

The patient has headache-free days Most primary headache disorders are intermittent, whereas secondary 
causes (excepting brain tumours) are less commonly so, and secondary 
causes are less commonly associated with an identifiable trigger.

Close family members have the same 
headache type

Migraine and cluster headache can be inherited, and so the presence of a 
family history is supportive of the diagnosis.

http://www.nps.org.au/australianprescriber
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Pharmacology
Prescription and non-prescription medicines may 
precipitate or perpetuate headaches. As such, a 
detailed history noting the timing of new drugs and 
the pattern of headaches is required. The overuse 
of acute analgesia is a critical issue to be addressed 
in patients with a primary headache disorder. 
Medication-overuse headache may occur in over 70% 
of patients with a chronic daily headache.11 Patients 
who regularly use opioid or triptan analgesia for more 
than 10 days/month or simple analgesia for more 
than 15 days/month are at risk of increased neuronal 
hyperexcitability, peripheral and central sensitisation, 
and further potentiation of their headaches.11

Headache may also be an adverse reaction to a 
prescribed drug. The product information of many 
medicines lists headache as a possible adverse effect. 
Careful attention should therefore be paid to the 
temporal relationship when evaluating the relationship 
between a new drug and headaches. There are several 
classes of drugs that are well known to precipitate 
headaches. These include tacrolimus, interferon-beta, 
nitric oxide donors, phosphodiesterase inhibitors, 
some antidepressants and ciclosporin.12 Other drugs 
such as tetracyclines and vitamin A analogues may 
raise intracranial pressure, increasing the risk of 
idiopathic intracranial hypertension.13

Imaging of primary headaches
If imaging is indicated, MRI provides the most useful 
information. However, incidental findings are common 
and often result in patient anxiety, referral, and more 
imaging. Incidental findings on MRI occur in 2% of the 
general population.14 These findings include neoplasia 
in 0.7%, aneurysm in 0.35%, arachnoid cysts in 0.5%, 
Chiari I malformations in 0.24% and demyelination 
in 0.06%.14

In patients without red flags, there is not an absolute 
need for imaging in every patient. The decision 
to proceed to imaging should be made with 
consideration of the possibility of incidental findings 
and the overall clinical picture.

In selected scenarios, CT may be considered, 
depending on the question to be addressed by the 
imaging. It may be adequate at identifying subdural or 
epidural haematoma, skull fracture, sinus infection or 
subarachnoid haemorrhage (depending on the timing 
of the scan following the index event).

Migraine
Migraine, as the most common disabling primary 
headache disorder, is frequently investigated to 
exclude secondary pathology. In population studies, 
women with migraine are at an increased risk of white 

matter lesions (odds ratio 2.1, 95% CI 1.0–4.1) and 
hyperintense lesions in the brainstem (4.4% vs 0.7%).15 
These findings are more common in patients with 
migraine aura, longer disease duration and higher 
attack frequency.15 The clinical significance of these 
lesions is still a matter of ongoing research, however 
they are not believed to be associated with cognitive 
changes.16,17 They can generally be differentiated from 
demyelination by an experienced reviewer, however 
serial imaging may be required.

Trigeminal autonomic cephalgias
The trigeminal autonomic cephalgias are a group 
of primary headache disorders characterised by 
unilateral (side-locked) headaches and ipsilateral 
cranial autonomic symptoms. All patients with a 
trigeminal autonomic cephalgia are required to 
have MRI primarily to exclude pathology in the 
pituitary region.

Ideally, the MRI would be of the brain and pituitary 
region, however it is not uncommon that just the 
brain is imaged. A review has now recommended that 
further dedicated pituitary imaging is only required 
if there are atypical features (older age, prolonged 
duration, higher frequency of attacks, bilateral attacks 
(rare, and should precipitate specialist review) or the 
absence of autonomic symptoms), pituitary-related 
symptoms, an abnormal examination or a poor 
response to treatment.18,19 Among 376 patients with 
cluster headache, the rate of pituitary adenomas was 
similar to the rate in the general population. Only 
patients with suggestive symptoms therefore require 
an additional MRI of the pituitary.19

Other primary headache disorders
Several primary headache disorders specifically 
require imaging to evaluate the patient for a possible 
secondary cause. Primary headache associated with 
sexual activity should be considered as attributed to 
reversible cerebral vasoconstriction syndrome until 
proven otherwise by angiographic study.20 Similarly, 
the diagnosis of primary exertional headache first 
requires evaluation for other causes of thunderclap 
headache.20 Primary cough headache should be 
evaluated with MRI particularly to check for posterior 
fossa pathology or structural malformations such as 
the Chiari I malformation.20,21

Imaging of secondary headaches
When investigating for a secondary headache, the 
clinical situation needs to be considered.

Thunderclap headache
Thunderclap headaches are sudden and severe. They 
are often due to cerebrovascular disorders, such as 

Imaging in headache disordersDIAGNOSTIC TESTS
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subarachnoid haemorrhage (see Box22-24 and Fig. 125). 
A non-contrast CT is frequently ordered for a patient 
presenting with a thunderclap headache. If performed 
within six hours of onset, CT has a sensitivity of 98.7% 
(CI 97.1–99.4%),26 however this drops considerably 
after six hours.27 A negative CT scan therefore may 
be falsely reassuring for ruling out subarachnoid 
haemorrhage, depending on the timing. CT is also likely 
to miss differential diagnoses that may be clinically 
relevant, including cerebral venous sinus thrombosis 
(see Fig. 228), reversible cerebral vasoconstriction 
syndrome, pituitary apoplexy or arterial dissection.

DIAGNOSTIC TESTS

Fig. 1   �Diffuse subarachnoid 
haemorrhage on a CT scan25

Box   �Selected possible causes of 
thunderclap headache in order 
of frequency22-24

Subarachnoid haemorrhage

Reversible cerebral vasoconstriction syndrome

Cerebral venous thrombosis

Other primary headache: primary thunderclap, cough, 
sexual and exertional headaches

Cervical artery dissection

Infection (e.g. sinusitis, meningitis, encephalitis)

Spontaneous intracranial hypotension

Stroke (haemorrhagic or ischaemic)

Posterior reversible encephalopathy syndrome

Pituitary apoplexy

Third ventricular colloid cyst

Sentinel headache (preceding a subarachnoid 
haemorrhage)

Retroclival haematoma

Full evaluation for a patient with a thunderclap 
headache therefore includes non-contrast CT, with 
a lumbar puncture if the onset was more than six 
hours before, or the image is technically inadequate.27 
When subarachnoid haemorrhage is excluded, 
there are many alternative diagnoses to consider 
(see Box).22 MRI with venography and angiography is 
recommended for investigating these causes.23

Disorders of intracranial pressure
Patients with a history or clinical examination 
suggestive of raised intracranial pressure always 
require further investigation. This is to exclude 
hydrocephalus, a space-occupying lesion and cerebral 
venous sinus thrombosis. Ideally, MRI of the brain and 
orbits and venography are performed.13 MRI features 
in keeping with raised intracranial pressure include 
flattening of the globe, optic nerve distension or 
tortuosity, empty sella, posterior displacement of the 
pituitary stalk, slit-like ventricles and an inferior position 
of the cerebellar tonsils (see Fig. 329).30 However, 
MRI findings are not pathognomonic, nor does their 
absence completely exclude idiopathic intracranial 
hypertension, so all patients with papilloedema should 
be referred for expert opinion. Conversely in patients 
with spontaneous intracranial hypotension, MRI may 
reveal diffuse pachymeningeal enhancement, descent 
of the tonsils (mimicking the Chiari I malformation), 
hygromas, or engorgement of the pituitary and the 
cerebral venous sinuses.31 These patients generally 
require expert evaluation and management.

Fig. 2   �CT venogram showing extensive 
venous thrombosis in the 
superior sagittal sinus28
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Fig. 3   �A case of idiopathic intracranial hypertension29

MRI shows flattening of the posterior sclera, intraocular protrusion of the optic nerve head 
(red arrows) and tortuous optic nerves with prominent subarachnoid space (yellow arrows).

1.	 Steiner TJ, Stovner LJ, Jensen R, Uluduz D, Katsarava Z; Lifting The Burden: 
the Global Campaign against Headache. Migraine remains second among 
the world’s causes of disability, and first among young women: findings 
from GBD2019. J Headache Pain 2020;21:137. https://doi.org/10.1186/ 
s10194-020-01208-0

2.	 Britt H. General practice activity in Australia 2015–16. General practice series 
no. 40. Sydney: Sydney University Press, 2015.

3.	 Aaseth K, Grande RB, Kvaerner KJ, Gulbrandsen P, Lundqvist C, Russell MB. 
Prevalence of secondary chronic headaches in a population-based sample 
of 30-44-year-old persons. The Akershus study of chronic headache. 
Cephalalgia 2008;28:705-13. https://doi.org/10.1111/j.1468-2982.2008.01577.x

4.	 Clarke CE, Edwards J, Nicholl DJ, Sivaguru A. Imaging results in a consecutive 
series of 530 new patients in the Birmingham Headache Service. J Neurol 
2010;257:1274-8. https://doi.org/10.1007/s00415-010-5506-7

5.	 Evans RW, Burch RC, Frishberg BM, Marmura MJ, Mechtler LL, Silberstein SD, 
et al. Neuroimaging for migraine: the American Headache Society systematic 
review and evidence-based guideline. Headache 2020;60:318-36.  
https://doi.org/10.1111/head.13720

6.	 Micieli A, Kingston W. An approach to identifying headache patients that 
require neuroimaging. Front Public Health 2019;7:52. https://doi.org/10.3389/
fpubh.2019.00052  

7.	 Sandrini G, Friberg L, Jänig W, Jensen R, Russell D, Sanchez del Rìo M, 
et al. Neurophysiological tests and neuroimaging procedures in non-acute 
headache: guidelines and recommendations. Eur J Neurol 2004;11:217-24. 
https://doi.org/10.1111/j.1468-1331.2003.00785.x

8.	 Cady RK. Red flags and comfort signs for ominous secondary headaches. 
Otolaryngol Clin North Am 2014;47:289-99. https://doi.org/10.1016/ 
j.otc.2013.10.010

9.	 Pohl H, Do TP, García-Azorín D, Hansen JM, Kristoffersen ES, Nelson SE, 
et al. Green Flags and headache: a concept study using the Delphi method. 
Headache 2021;61:300-9. https://doi.org/10.1111/head.14054

10.	 Forsyth PA, Posner JB. Headaches in patients with brain tumors: a study of 111 
patients. Neurology 1993;43:1678-83. https://doi.org/10.1212/WNL.43.9.1678

11.	 Wakerley BR. Medication-overuse headache. Pract Neurol 2019;19:399-403. 
https://doi.org/10.1136/practneurol-2018-002048

12.	 Ferrari A, Spaccapelo L, Gallesi D, Sternieri E. Focus on headache as an 
adverse reaction to drugs. J Headache Pain 2009;10:235-9. https://doi.org/ 
10.1007/s10194-009-0127-1 

13.	 Mollan SP, Ali F, Hassan-Smith G, Botfield H, Friedman DI, Sinclair AJ. Evolving 
evidence in adult idiopathic intracranial hypertension: pathophysiology and 
management. J Neurol Neurosurg Psychiatry 2016;87:982-92. https://doi.org/ 
10.1136/jnnp-2015-311302

14.	 Morris Z, Whiteley WN, Longstreth WT Jr, Weber F, Lee YC, Tsushima Y, et al. 
Incidental findings on brain magnetic resonance imaging: systematic review 
and meta-analysis. BMJ 2009;339:b3016. https://doi.org/10.1136/bmj.b3016

15.	 Kruit MC, van Buchem MA, Launer LJ, Terwindt GM, Ferrari MD. Migraine is 
associated with an increased risk of deep white matter lesions, subclinical 
posterior circulation infarcts and brain iron accumulation: the population-
based MRI CAMERA study. Cephalalgia 2010;30:129-36. https://doi.org/ 
10.1111/j.1468-2982.2009.01904.x

16.	 Palm-Meinders IH, Koppen H, Terwindt GM, Launer LJ, Konishi J, Moonen JM, 
et al. Structural brain changes in migraine. JAMA 2012;308:1889-97.  
https://doi.org/10.1001/jama.2012.14276

17.	 Rist PM, Dufouil C, Glymour MM, Tzourio C, Kurth T. Migraine and cognitive 
decline in the population-based EVA study. Cephalalgia 2011;12:1291-300. 
https://doi.org/10.1177/0333102411417466 

18.	 Cittadini E, Matharu MS. Symptomatic trigeminal autonomic cephalalgias. 
Neurologist 2009;15:305-12. https://doi.org/10.1097/NRL.0b013e3181ad8d67

19.	 Grangeon L, O’Connor E, Danno D, Ngoc TM, Cheema S, Tronvik E, et al. 
Is pituitary MRI screening necessary in cluster headache? Cephalalgia 
2021;41:779-88. https://doi.org/10.1177/0333102420983303

20.	 The international classification of headache disorders. 3rd ed. London: 
International Headache Society; 2019. https://ichd-3.org [cited 2022 May 1]

21.	 Cordenier A, De Hertogh W, De Keyser J, Versijpt J. Headache associated with 
cough: a review. J Headache Pain 2013;14:42. https://doi.org/10.1186/1129-2377-14-42

22.	 Devenney E, Neale H, Forbes RB. A systematic review of causes of sudden 
and severe headache (thunderclap headache): should lists be evidence 
based? J Headache Pain 2014;15:49. https://doi.org/10.1186/1129-2377-15-49

23.	 Schwedt TJ. Overview of thunderclap headache. UpToDate 2020 Jul 14. 
https://www.uptodate.com/contents/overview-of-thunderclap-headache 
[cited 2022 May 1]

24.	 Schwedt TJ, Matharu MS, Dodick DW. Thunderclap headache. Lancet Neurol 
2006;5:621-31. https://doi.org/10.1016/S1474-4422(06)70497-5

25.	 Parrish F. Subarachnoid hemorrhage. Case study, Radiopaedia.org.  
https://doi.org/10.53347/rID-36060 [cited 2022 May 1]

26.	 Dubosh NM, Bellolio MF, Rabinstein AA, Edlow JA. Sensitivity of early brain 
computed tomography to exclude aneurysmal subarachnoid hemorrhage: a 
systematic review and meta-analysis. Stroke 2016;47:750-5. https://doi.org/ 
10.1161/STROKEAHA.115.011386

27.	 Marcolini E, Hine J. Approach to the diagnosis and management of 
subarachnoid hemorrhage. West J Emerg Med 2019;20:203-11. https://doi.org/ 
10.5811/westjem.2019.1.37352

28.	 Gaillard F. Cerebral vein thrombosis. Case study, Radiopaedia.org.  
https://doi.org/10.53347/rID-4408 [cited 2022 May 1]

29.	 Ibrahim D. Idiopathic intracranial hypertension (pseudotumor cerebri). Case 
study, Radiopaedia.org. https://doi.org/10.53347/rID-29638 [cited 2022 May 1]

30.	 Kwee RM, Kwee TC. Systematic review and meta-analysis of MRI signs for 
diagnosis of idiopathic intracranial hypertension. Eur J Radiol 2019;116:106-15. 
https://doi.org/10.1016/j.ejrad.2019.04.023

31.	 Mokri B. Spontaneous intracranial hypotension. Continuum (Minneap Minn) 
2015;21:1086-108. https://doi.org/10.1212/CON.0000000000000193

REFERENCES

Conclusion

The overall rate of significant pathology found 
on MRI is relatively low, with incidental findings 
in approximately 2% of people. Investigation 
should therefore be guided by a thorough clinical 
assessment, to ensure the appropriate type and 
speed of investigation. 
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