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Functional Neuroimaging in Migraine
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Functional neuroimaging, especially positron emission tomography (PET) and functional magnetic resonance imaging

(MRI), is the main tool that allows the unveiling of the neurovascular events during a migraine attack. In migraine with

aura, functional neuroimaging has contributed greatly to the understanding of the fundamental pathophysiology of the

visual aura, whereas in migraine without aura, the PET findings of brainstem activation suggest a pivotal role of

brainstem in the generation of migraine headache. In addition, voxel-based morphometry (VBM) method has provided

an insight into the morphometric changes of the brain, which might be considered as a consequence of repeated migraine

attacks. In this article, I will briefly discuss the main neuroimaging findings pertaining to the pathophysiology of

migraine.
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Figure 1. Migraine involves dysfunction of brainstem pathways that normally modulate sensory input. The key
pathways for the pain are the trigeminovascular input from the meningeal vessels, which passes through the trigeminal

ganglion and synapses on second-order neurons in the trigeminocervical complex. These neurons, in turn, project

through the quintothalamic tract, and after decussating in the brain stem, form synapses with neurons in the thalamus.

There is a reflex connection between neurons in the pons in the superior salivatory nucleus, which results in a cranial
parasympathetic outflow that is mediated through the pterygopalatine, otic, and carotid ganglia. This trigeminal-
autonomic reflex is present in normal persons and is expressed most strongly in patients with trigeminal-autonomic
cephalgias, such as cluster headache and paroxysmal hemicrania; it may be active in migraine. Brain imaging studies

suggest that important modulation of the trigeminovascular nociceptive input comes from the dorsal raphe nucleus,

locus ceruleus, and nucleus raphe magnus. Reproduced with permission from the New England Journal of Medicine.”
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Figure 2. Spreading suppression of cor-
tical activation during migraine aura. (A)
A drawing showing the progression over
20 min of the scintillations and the
visual field defect affecting the left
hemifield, as described by the patient
(P.R.). The fixation point appears as a
small white cross. The red line shows
the overall direction of progression of
the visual percept. The front of the
scintillation at different times within the
aura is indicated by a white line. (B) A
reconstruction of the same patient’s
brain (P.R.), based on anatomical MR

data. The posterior medial aspect of occipital lobe is shown in an inflated cortex format. In this format, the cortical

sulci and gyri appear in darker and lighter gray, respectively, on a computationally inflated surface. MR signal changes

over time are shown to the right. Each time course was recorded from one in a sequence of voxels that were sampled

along the calcarine sulcus, in the primary visual cortex (V1), from the posterior pole to more anterior location, as

indicated by arrowheads. A similar BOLD response was found within all of the extrastriate areas, differing only in

the time of onset of the MR perturbation The MR perturbations developed earlier in the foveal representation, compared

with more eccentric representations of retinotopic visual cortex. This finding was consistent with the progression of
the aura from central to peripheral eccentricities in the corresponding visual field (A and C). (C) The MR maps of

retinotopic eccentricity from this same subject, acquired during interictal scans. As shown in the logo in the upper left,

voxels that show retinotopically specific activation in the fovea are coded in red (centered at 1.5° eccentricity).

Parafoveal eccentricities are shown in blue, and more peripheral eccentricities are shown in green (centered at 3.8° and

10.3°, respectively). Reproduced with permission from the National Academy of Sciences, U. S. A.”
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Figure 4. Statistical parametric maps (SPM) demonstrating regional differences in grey matter volume (GMV) between
20 migraine patients and 33 controls. SPM results superimposed on glass brain (a) and standard T1 MRI template
images (b-e) show significant GMV reductions in bilateral insula, motor/premotor, prefrontal, cingulate cortex, right

posterior parietal cortex, and orbitofrontal cortex (thresholded at P<0.001, uncorrected for multiple comparisons at a

voxel level; corrected P<0.05 after small volume corrections). The colour bar represents the T-values. The left side
of each picture is the left side of the brain. Reprinted with permission from the Blackwell Publishing.”’
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