
E
ven in the technology-driven practice of medicine
today, the diagnosis of migraine remains a clinical
one. This mode of diagnosis can be traced back to
first century BC, when clinical diagnostic tools were
being evaluated. Soranus of Ephesus (125 AD) is

credited with noting that a headache is likely to be a migraine if
the head throbs when placed below the knees. Nearly 2000 years
later, this throbbing pain still comprises a key diagnostic criterion
for migraine.1

In recent years, an increasingly broad spectrum of neuroimag-

ing techniques have become available to help us learn about the
etiology and pathogenesis of headache disorders such as migraine.
The inciting event remains a mystery, but novel imaging  studies
have recently uncovered evidence that specific brainstem regions
may play a role in the generation of migraines. Using PET imag-
ing, Weiller and colleagues demonstrated an area of the dorsal,
rostral midbrain which appeared to act as a “migraine generator”
in patients with migraine without aura.2 The area became active
at the onset of migraine symptoms and remained active after
headache resolution following treatment with triptans. A recent
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PET study also revealed activation in the dorsal rostral pons in a
series of chronic migraine patients with suboccipital stimulators,
both when the stimulators were on and when they were off. The
authors suggest that the changes in this area may reflect a “con-
stant dysfunctional activation of this structure, as might be pre-
dicted in chronic migraine.”3

General Approach to Neuroimaging 
in Headache Patients
The primary headache disorders (migraine without aura,

migraine
with aura,
cluster headache,
tension-type head-
ache, etc.) are diagnosed
on the basis of clinical criteria
detailed in the International
Headache Society Classification and
do not dictate the use of neuroimaging



under normal circumstances.1 Finding underlying pathology in
the context of migraine and a normal neurologic examination is
rare (0.18 percent), and it is for this reason that neuroimaging
should not be employed as a screening tool in all patients present-
ing with migraine headache.4 However, there are several “red
flags,” which if present in a patient’s history or physical examina-
tion, suggest underlying pathology as a cause of headache (sec-
ondary headache) and are strong indications for neuroimaging.

The US Headache Consortium developed evidence-based
practice guidelines for when to image non-acute headaches
(which were defined as headaches present for greater than four
weeks during a patient's lifetime).4 On the basis of an extensive
literature review and meta-analysis, the recommendations of this
group were incorporated into an AAN Practice Guideline, shown
in Table 1. These recommendations are obviously broad and, if
strictly applied, will result in a great deal of “normal” neuroimag-
ing. Clinical judgment should be used. 

For example, many migraineurs have some headaches which
awaken them from sleep, and if the patients’ clinical features are
otherwise typical for migraine, neuroimaging may not be neces-
sary. Different jurisdictions may well need to determine, given
the neuroimaging resources available to them, how completely
these recommendations should be applied. Certainly patients
with unexplained abnormal neurologic findings on examination,
patients with rapidly progressive headache syndromes, and also
patients with the sudden onset of a new headache suggestive of
subarachnoid hemorrhage should be imaged.

Goldstein and colleagues reported data on imaging results of
patients presenting to American emergency departments between
1992 and 2001 with headaches. Of 5198 patients presenting
with headache, migraine, sinus headache or facial pain, 14 per-
cent underwent neuroimaging (largely CT scans). The overall
incidence of pathological diagnoses was only two percent, with
higher incidences in patients over 50 and 75 years of age (six per-
cent and 10 percent, respectively).5

Sempere and colleagues6 have recently provided additional
information on the yield of neuroimaging in patients with non-
acute headache (headache for at least four weeks) who are referred
from a primary care physician to a neurology clinic. All patients
referred to the neurology clinic were imaged (brain CT, MRI or
both). In patients with a normal neurologic examination, the rate
of significant intracranial abnormalities was 0.9 percent (95% CI
0.5, 1.4). Of note, MRI was done in 118 patients with a normal
CT and normal neurologic examination. MRI showed only one
new lesion in this patient group, a small meningioma. This latter
finding is of particular interest in view of a recommendation
made by a European task force7 that when neuroimaging is con-
sidered in headache, MRI rather than CT be used because it is
more sensitive. MRI may indeed be the most sensitive overall, but
in many clinical situations, considering availability and expense,

CT may be a good choice. It would seem appropriate to include
in decision making, the nature of the abnormality being looked
for, unless the neuroimaging test being ordered is indeed a pure-
ly screening exercise.

Neuroimaging in Specific 
Headache Syndromes
The remainder of this article will be dedicated to discussing cur-
rent neuroimaging research in specific headache diagnoses speci-
fied by the IHS criteria.1

Migraine without aura. MRI has some advantages over CT
scanning; however, the CT scan is a useful screening tool for gross
abnormalities, such as would be expected in cases of secondary or
symptomatic headaches. For example, in a retrospective review of
1100 nontraumatic headache cases, Kahn and colleagues found
that nearly 11 percent of patients had acute abnormalities on CT,
with these being most frequent in older and hospitalized patients.
In addition, they found chronic abnormalities (remote infarction,
atrophy) in 18 percent of cases. Although these numbers may
seem high, the study did not indicate the specific headache type or
associated neurologic abnormalities and was carried out in tertiary
care centres; thus, it was likely subject to significant selection bias.8

There have been several reports of vascular abnormalities on
angiography and MR angiography of patients with migraine.
These have included segmental narrowing or stenosis, and seg-
mental narrowing and dilatation. These abnormalities have been
attributed to vasospasm and inflammation respectively. However,
angiographic findings in migraine have not been systematically
studied as of yet, and the relationship between vascular abnormal-
ities and migraine, therefore, remains unclear.9-11

With the advent of MRI technology, nonspecific white mat-
ter hyperintensities have become an emerging issue in headache
imaging. These abnormalities are frequently found in patients
with migraine headache but are not specific for migraine, as they
are also seen to various degrees in genetic diseases such as
CADASIL, cerebrovascular disease, tension-type headache, and
normal aging.12-13 However, it is clear from controlled trials that
the incidence of these abnormalities is higher in migraineurs than
controls.12,14,15 A recent meta-analysis16 found that patients with
migraine are indeed at increased risk for white matter abnormal-
ities as compared to controls, with an odds ratio of 3.9 (95% CI
2.26-6.72). 

White matter hyperintensities are seen as focal abnormalities
on T2-weighted, fluid attenuation inversion recovery, and proton
density MRI sequences.17 These abnormalities tend to be located
preferentially in the deep subcortical white matter of the fron-
toparietal regions.12,14,17 It has been suggested that these lesions are
present in up to 46 percent of migraineurs, however, some stud-
ies suggest that the frequency of these abnormalities is as low as
six to 12 percent, particularly when taking other medical condi-
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tions such as hypertension and diabetes into account.17-19

The issue of white matter hyperintensities is also somewhat
controversial with respect to the importance of migraine subtype.
Although Fazekas et al. suggest that the incidence of hyperinten-
sities is greater in patients with aura, De Benedittis et al. and
Cooney et al. found no difference in white matter hyperintensity
frequency between migraine with and without aura subgroups
and no difference in frequency of white matter hyperintensities
with duration of migraine history. In addition, De Benedittis and
colleagues found the same incidence of white matter hyperinten-
sities in chronic tension-type headache patients.12,18

The pathologic significance of white matter hyperintensities
also remains uncertain. There are little pathologic data on
patients with migraine; however, recent studies using diffusion
tensor MRI suggest that the areas of parenchymal abnormality in
migraine patients with white matter hyperintensities actually
extend outside of the white matter hyperintensities themselves
into normal-appearing white matter as seen on T2-weighted
images. Rocca and colleagues showed that there were differences
in the diffusion properties in the normal-appearing white matter
of migraineurs; however, these abnormalities were mild compared
with other conditions such as CADASIL and cerebrovascular dis-
ease.20 CADASIL should be considered in patients with migraine
with aura whose MRIs show the distinctive distribution of white
matter hyperintensities in frontal and anterior temporal lobes.
They usually have a suggestive family history of stroke, dementia,

and migraine with aura.21

In addition, there is preliminary evidence to suggest function-
al changes in the cortices of migraineurs, which may arise second-
ary to subcortical change. In patients with white matter hyperin-
tensities, functional MRI demonstrated alterations in the activa-
tion of the contralateral somatosensory cortex and the supple-
mentary motor cortex during simple motor tasks when compared
to matched controls. In particular, it was shown that the activa-
tion of the contralateral somatosensory cortex was greater in
migraineurs and that the supplementary motor area was rostrally
displaced compared with controls. The extent of these changes
correlated with the extent of subcortical white matter change.22

Migraine with aura. Neuroimaging has also been used to
advantage in the investigation of migraine with aura. In addition
to the identification of white matter hyperintensities common to
many migraineurs with and without aura, neuroimaging has led
to a better understanding of the aura itself.

Migraine aura has been attributed to the phenomenon of cor-
tical spreading depression,23 but it was previously impossible to
directly demonstrate cortical spreading depression in patients
experiencing migraine auras. However, functional MRI technol-
ogy has allowed a clear demonstration of the predicted changes in
cortex to support the theory of cortical spreading depression as
the mechanism for the migraine aura. A blood oxygen level
dependent fMRI study of three patients with migraine aura
demonstrated alterations in blood oxygenation levels in the con-
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Table 1. AAN Practice Guidelines on Neuroimaging in Headache

Consider neuroimaging in the following:
1. Patients with non-acute headache and an unexplained abnormal finding on neurologic 

examination (grade B evidence).
2. Patients with atypical headache features or headaches that do not fulfill the strict definition of 

migraine or other primary headache disorder (or have some additional risk factor, such as 
immune deficiency), when a lower threshold for neuroimaging may be applied (grade C).

Neuroimaging is not usually warranted in the following:
1. Patients with migraine and a normal neurologic examination (grade B).

No evidence-based recommendations are established for the following:
1. Presence or absence of neurologic symptoms (grade C).
2. Tension-type headache (grade C).
3. Relative sensitivity of MRI as compared with CT in the evaluation of migraine or other non-

acute headache (grade C).

Exceptions should be considered in the following cases:
1. When patients are disabled by their fear of serious pathology.
2. When the care provider is suspicious of underlying pathology, even in the absence of known 

predictors of neuroimaging abnormalities.



tralateral visual cortices. These alterations spread over the corre-
sponding retinotopically organized region and corresponded with
the onset and cessation of the visual auras. These changes were
associated with subsequent decreases in regional blood flow in the
occipital cortex.24

The experimental model of cortical spreading depression con-
sists of applying a small, traumatic stimulus to the cortex of the
experimental animal. This is generally followed by a wave of
hyperemia which spreads across the cortex in the timeframe that
is expected for a spreading wave of depolarization. This model
was used to great advantage by Bolay and colleagues to prove that
electrolyte and neurotransmitter changes associated with cortical
spreading depression could directly activate nociceptive nerve
endings on adjacent blood vessels and potentially initiate the pain
phase of the migraine attack.

The aura of hemiplegic migraine deserves special mention, as
this phenomenon has been receiving wide attention since the dis-
covery of gene loci responsible for familial forms. As case reports
of abnormal imaging during such headaches have emerged, hemi-
plegic migraine has been touted as a means to better understand
prolonged migraine auras. Using SPECT technology, Crawford
and colleagues demonstrated contralateral cerebral hemispheric
and ipsilateral cerebellar hemispheric hypoperfusion in a child
with hemiplegic migraine.25 In contrast, in a case report of a preg-
nant woman with a history of hemiplegic migraine, Barbour and
colleagues reported MRI and SPECT findings consistent with
prolonged hyperperfusion and edema of the affected hemisphere.
Interestingly, both cases reported meningeal enhancement over
the affected cerebral hemisphere. Barbour and colleagues suggest
that this finding, along with hemispheric hyperperfusion lends
support to the theory of trigeminovascular activation resulting in
vasogenic edema and alterations in cerebrovascular autoregula-
tion.26 The crossed cerebellar diaschisis reported by Crawford and
colleagues may underlie the cerebellar symptomatology frequent-
ly associated with the aura (and interictal periods) of hemiplegic
migraine.25

As the overall yield of neuroimaging in migraine patients is
low in patients with a normal neurologic exam and in typical
migraine headache features (0.18%), Frishberg and colleagues
made the valid recommendation that follows:27

In adult patients with recurrent headaches defined as
migraine, including those with visual auras with no recent change
in headache pattern, no history of seizures, and no other focal
neurologic signs or symptoms, the routine use of neuroimaging is
not warranted. In patients with atypical headache patterns, a his-
tory of seizures, or focal neurologic signs or symptoms, CT or
MRI may be indicated.27

This recommendation was based on literature review and
expert opinion. It was deemed to be of “moderate clinical certain-
ty” and remains so at this time.27 A more recent study6 provides

data which reinforce some of the above recommendations. In 920
migraine patients with a normal clinical examination who were
referred to a neurologist, the rate of significant intracranial abnor-
malities on neuroimaging was 0.4 percent (95% CI 0.1, 1.4). The
abnormalities found were pituitary adenoma, hydrocephalus,
arteriovenous malformation, and colloid cyst. In contrast, in 188
patients where the headache diagnosis was considered “indeter-
minate,” 3.7 percent showed significant intracranial abnormali-
ties (95% CI 1.5, 7.5).

As for the type of imaging to pursue when neuroimaging is
warranted, local medical resources and the time-course of the
headache must be taken into consideration. CT scanning is sen-
sitive for identification of acute hemorrhage, intracranial masses,
calcified lesions, craniofacial abnormalities, and bony structural
abnormalities.28 Indeed, it is more sensitive than MRI in identi-
fying acute hemorrhage, bony abnormalities, and calcified
lesions. Its sensitivity for intraparenchymal masses is increased
with contrast media, which shows areas of blood-brain barrier
breakdown.28 It is inexpensive, provides rapid imaging, and is
more widely available than MRI. It also has the obvious advan-
tage of being useful in patients who cannot tolerate MRI due to
claustrophobia or implanted ferromagnetic devices such as pace-
makers.

However, MRI has several advantages over CT scanning. MRI
is more accurate in identifying small masses, non-acute hemor-
rhage, dural sinus thromboses, small arteriovenous malforma-
tions, venous anomalies, and abnormalities in the posterior fossa,
in the region of the internal auditory canals and in the area of the
temporal bones.28 The planar imaging made available by MRI is
also useful in the diagnosis of Chiari malformations, which are
most easily seen on sagittal images.

Cluster headache. Our understanding of cluster headache has
also been furthered as a result of advances in neuroimaging.
Functional MRI, MRS, SPECT, and PET scanning have all been
used in the study of cluster headache.29 These studies have been
used to determine some of the brain regions activated during
cluster headache, including the ipsilateral hypothalamic gray mat-
ter, which is purported to be specifically activated in cluster
headache.30 Other pain processing regions such as the anterior
cingulate gyrus, insula, and posterior thalamus have also been
shown to be active during cluster headache, but these areas are
active during other kinds of pain as well.29,30 Given that the etiol-
ogy of cluster headache has long been believed to be related to
migraine, the question of a brainstem generator arose. This was
addressed by Weiller and colleagues in their migraine generator
study, where PET scanning was used to image brain activity
before, during, and after migraine and cluster headaches.
However, no brainstem generator was found in their cluster
patients.2

The diagnosis of cluster headache is primarily a clinical one,
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based on history and neurologic examination. In the past, cluster
headache has been reported in association with multiple sclerosis,
pituitary tumors, carotid dissection, invasive orbital infection,
orbital trauma, parainfluenza virus, and tumors in the upper cer-
vical region, posterior fossa, tentorium and parasellar region. A
study of 1876 consecutive patients with non-acute headache
referred to a neurology clinic, all of whom were imaged, includ-
ed 20 patients with cluster headache.6 An abnormality, a pituitary
adenoma, was found in one of these 20 patients. Neurologic
examination had been normal.

Given the potential for underlying brain pathology, one might
argue that neuroimaging in this relatively uncommon headache
type is warranted. This is particularly so if the cluster headache
has atypical features such as prolonged duration, progressive
worsening, lack of periodicity, persistent pain, new onset in an
older person, cluster headache in immunocompromised patients,
resistance to typical cluster headache therapies, or abnormal neu-
rologic symptoms or signs. Although CT will identify most major
intracranial abnormalities, it is less effective in obtaining images
of the sella, parasellar region, and posterior fossa, and, therefore,
MRI may be more useful in the work-up of cluster headache with
atypical features suspicious for underlying pathology. If the
headache is associated with persistent autonomic symptoms
(between attacks), vascular imaging may be warranted to rule out
dissection.31

SUNCT. Short-lasting unilateral neuralgiform headache with
conjunctival injection and tearing (SUNCT) is classified as one
of the trigeminal autonomic cephalgias. This rare headache syn-
drome warrants mention in this review because of recent reports
of an association between pituitary pathology and SUNCT. Case
reports have appeared in the literature citing cessation of SUNCT
after removal of coexistent pituitary adenomas. The incidence of
adenomas in SUNCT is not known, because the condition is
uncommon; however, based on recent reports, it would appear
that MRI imaging with dedicated views of the sella may be war-
ranted in patients with SUNCT.3,32

Thunderclap headache. When discussing neuroimaging of
vascular headaches, thunderclap headache should not be over-
looked. This severe headache of sudden onset is classically associ-
ated with aneurysmal subarachnoid hemorrhage and possibly
unruptured saccular aneurysms. However, there are reports of
thunderclap headache in association with a variety of other
pathologies such as benign, self-limited, reversible vasospasm
(Call-Flemming syndrome), dural sinus thrombosis, hypertensive
encephalopathy, spontaneous intracranial hypotension, and pitu-
itary apoplexy. 

Given its classical association and reports of thunderclap
headache with other ominous pathologies, thunderclap headache
warrants immediate neuroimaging. As thunderclap headache is
classically associated with subarachnoid hemorrhage, CT scan-

ning followed, if necessary, by lumbar puncture are typically the
first investigations carried out in patients presenting with this
headache. This combination of investigations is highly sensitive
in identifying subarachnoid blood in the initial 12 hours after
headache onset.33 If the CT scan is normal and there is no evi-
dence of xanthochromia, the likelihood of an undiagnosed sub-
arachnoid hemorrhage is low. However, CT is less reliable for the
diagnosis of unruptured cerebral aneurysm, dural sinus thrombo-
sis, hypertensive encephalopathy, vasospasm, pituitary apoplexy,
and intracranial hypotension. Therefore, in the appropriate clini-
cal setting, an MRI should follow. As reversible segmental
vasospasm has been associated with thunderclap headache, non-
invasive vascular imaging such as MRA should also be strongly
considered because of the risk of significant neurologic morbidi-
ty such as stroke.34-36

Spontaneous intracranial hypotension. Spontaneous intracra-
nial hypotension refers to a headache due to low CSF pressure.
The headache is classically worse in the upright position and
relieved in the supine position. The typical MRI neuroimaging
features are thickening and enhancement of the dura, subdural
fluid collections, and downward “sagging” of the brain, which is
reflected in flattening of the ventral pons and downward displace-
ment of the cerebellar tonsils seen on mid-sagittal MRI.37-39

Although a CSF leak is not found in all patients, investigation to
localize the leak is warranted. CSF leaks may develop due to
cough, minor trauma, or bony protrusions from the spine, which
disrupt the meninges. CSF leaks may be associated with spinal
meningeal diverticula, nerve root sheath tears, and ruptured per-
ineural cysts.

CSF leaks are most common in the thoracic region, but may
appear at any level. In a review of 11 patients with spinal CSF
leaks, Schievink and colleagues found two cervical spine CSF
leaks, three leaks at the cervicothoracic junction, five leaks in the
thoracic region, and one leak in the lumbar region.40 Localizing
the leak is typically accomplished by using radionuclide cis-
ternography or myelography. Radionucleotide cisternography
involves introduction of radioactive tracer into the CSF by lum-
bar puncture, followed by sequential images of the tracer as it dif-
fuses along the neuroaxis. Leakage along nerve root sheaths and
early renal uptake are indicators of a leak. CT myelography and,
more recently, MRI myelography (where contrast media is inject-
ed intrathecally) have also been used in some cases for their
greater spatial resolution.38,41 Although these procedures are some-
what invasive, they are warranted, as their results are used to con-
firm diagnosis and guide treatment.

In general, the work-up for a patient with a postural headache
suspicious for spontaneous intracranial hypotension should con-
sist of a routine axial CT and lumbar puncture with opening
pressure. If the CT is normal or shows subdural fluid collections
and the opening CSF pressure is low (less than 7cm H20), fur-
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ther cranial imaging may not be necessary in the context of a typ-
ical history for spontaneous intracranial hypotension. The clini-
cal features should be carefully considered, however, as CSF pres-
sure has been measured to be within normal limits in patients
with headache and documented CSF leaks.42,43

In a patient with headache suspicious for intracranial hypoten-
sion, a case could be made, however, for brain MRI with gadolin-
ium as the first investigation, as it has the potential to yield so
much more information with regard to the diagnosis as compared
to CT. The additional findings which may be present on MRI in
intracranial hypotension include pachymeningeal enhancement,
downward displacement (sagging) of the brain, prominence of
venous sinuses, and pituitary hyperemia. Brain MRI is not always
abnormal, however, even in patients with proven CSF leaks, and
may be normal in as many as 22 percent of patients.43 If brain
MRI is planned, it must be kept in mind that once a lumbar
puncture is done, the same MRI abnormalities may occur for a
time as a result of CSF leak from the lumbar puncture site.

In order to localize the CSF leak, radionuclide cisternography
is the investigation of choice in most centers, largely due to its
availability in most major hospitals. However, in some centers
CT myelography has largely replaced radionuclide cisternogra-
phy because of greater spatial resolution and sensitivity.38,41,43 The
use of spinal MRI as an investigation to localize CSF leaks has
also been promoted for its sensitivity and noninvasiveness.42

Findings on spinal MRI include dilated epidural veins and
extradural CSF collections.

Other headache syndromes. Neuroimaging plays a major role
in the investigation of many other headache syndromes, which
are beyond the scope of this review. These syndromes include cer-
vicogenic headache, headache attributed to head or neck trauma,
the CADASIL syndrome, and headache attributed to a variety of
nonvascular intracranial disorders including intracranial hyper-
tension and Chiari malformation Type I. With regard to these
conditions, the reader is referred to reviews dealing more specifi-
cally with each diagnostic entity. PN

Adapted with permission from MedLink Neurology®

(www.medlink.com).
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