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Historical notes 

Brainstem activation in spontaneous human migraine attacks
Weiller C et al, Nat Med. 1995

 9 migraine pts

 CBF: 15C-labelled-O2 inhalation 

Scan:

 during attack (within 6 h after 

migraine onset)

 only the brainstem activation 

persisted after the injection of 

sumatriptan had induced 

complete relief from headache 

and phono- and photophobia. 

“… pathogenesis of 
migraine is related to an 
imbalance in activity 
between brainstem nuclei 
regulating antinociception
and vascular control…”
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Brainstem is not simply related to headache 
(pain phase of a migraine attack) but to the 

whole migraine phenomenon 

• Brainstem activation in the dorsal pons and 

rostral medulla.

• Involvement of ACC, insula, cerebellar 

hemispheres, prefrontal cortex and putamen.

• Following abortion of the migraine with 

sumatriptan, the dorsal pons remained 

activated.

before sumatriptan after sumatriptan
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RS-fc with the PAG and nearby structures 
in HC and patients with migraine

HC migraine

Pons is not the only one in the Brainstem !

RS-fc with the PAG 
correlates with the frequency of migraine attacks

↑fc

↓fc
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This adaptive 

responses may 

become 

progressively less 

efficient over 

time

Analgesic compensatory 
mechanism, or alternatively 
a prominent affective and 
emotive response, to pain

“si mette paura”

Anterior cingulate cortex

Functional down-regulation 
at reducing high-noxious 

painful input to the cortex
“s’arrangia”

Bilateral somatosensory cortex
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 Significant activations in the 

midbrain and pons but also in 

the hypothalamus 

 Hypothalamic activation 

persisted after complete relief of 

headache from sumatriptan

Brainstem is not the only one !

Again… the hypothalamus is not simply related to 
headache (pain phase of a migraine attack) but to 

the whole migraine phenomenon !!! 
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Increased hypothalamic FC with brain regions 
involved in regulation of hypothalamic-mediated 
autonomic symptoms that accompany migraine 
attacks

 locus coeruleus
 caudate
 parahippocampal gyrus
 Cerebellum
 temporal pole 
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Within 24 hours preceding 

the onset of migraine pain: 

hypothalamus activity 

shows functional coupling 

with the spinal trigeminal 

nuclei

During the ictal state: 

the hypothalamus is 

functionally coupled with 

the dorsal rostral pons

During post-dromal phase: 

Posterior (occipital) brain 

areas

A migraine patient had MRI every day for 30 days using 
gaseous to cover a whole month and three complete 

migraine attacks
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Patients with vestibular migraine (VM) 

showed 

• Increased left thalamic activation 

in response to stimulus

(Medio-dorsal thalamus)

• Thalamic activation correlated 

with frequency of VM attacks

• Abnormal thalamic function could 

play a role in VM during attack
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 Decreased Rs-FC during migraine attack between higher-order functions networks 
(executive network and the dorsal and ventral attention system)

 Negative correlation between executive network FC  and migraine frequency

Neurology, 2016

Headache Center - MRI Research Center FISM-Vanvitelli - University of Campania “Luigi Vanvitelli”



Headache Center - MRI Research Center SUN-FISM - University of Campania “Luigi Vanvitelli”

No neuropsychological abnormalities in 
migraine patients 

Brain networks and migraine



No significant difference 

between 72 MwoA

patients and 72 HC: 

 total MoCA score 

 depressive symptoms, 

state and trait anxiety 

and of apathy.

*in bold are reported significant differences after Bonferroni correction

The abnormalities in 

executive functions are 

related to migraine

disability (MIDAS)  

MoCA: Montral Cognitive Assessment
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• The neurolimbic model expands the 

model of migraine as a dysfunction of 

brainstem nuclei. 

• The influence between brainstem and 

cortical centers is bidirectional, 

reflecting the bidirectional interaction 

of pain, mood and emotions.  
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Chong et al., Cephalalgia 2017

 Regions best discriminated migraine brain  from 

that of a healthy control (accuracy 86.1%)

 right middle temporal gyrus 

 posterior insula

 middle cingulate cortex 

 left ventromedial prefrontal gyrus

 bilateral amygdala 
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 Machine-learning techniques to develop discriminative brain-connectivity 

biomarkers from rs-fMRI data that distinguish between individual migraine 

patients and healthy controls.

Brain discriminative areas in migraine



Data-driven sub-classification of brain MRIs identified two sub-groups as for allodynia 

symptom severity

• Accuracy of detection 

between patient and HC of 

86.1% 

• Longer the disease duration, 

higher was the accuracy 

(96.7% if > than 14 years) 
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Brain discriminative areas in migraine



DLPFC activation only in MwoA CA+ pts 

may represent: 

• a recruitment of additional resources 

to meet analgesic demands and to 

maintain proficiency 

• a correlate of pain negative cognitive 

content (pain catastrophizing and 

rumination) and consequent 

inadequate pain coping

• CHEPS 

• MwoA patients without ictal CA

• MwoA patients with ictal CA

• HC
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Russo A. et al., Cephalalgia 2016

Higher-order brain areas and allodynia



Preliminary data
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MwoA CA+ vs MwoA CA- vs HC
Rs-fMRI 3 y FU

• Increased PCC-FC could 

represent an effort of 

adaptive response to 

stressful events and 

repetitive migraine attacks in 

migraine patients

• Reduced PCC-FC at baseline 

in migraine patients who will 

develop CA after 3 years
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In patients with MwA:

 Increased functional connectivity 

in VN (right lingual gyrus)

 No correlations with structural or 

microstructural abnormalities

 No correlations with clinical 

parameters of migraine severity
Tedeschi G. et al., Cephalalgia 2017

The role of lingual gyrus in migraine aura

Hadjikhani et al., PNAS 2001

 The MR perturbations developed earlier in 

the foveal representation, compared with 

more eccentric representations of 

retinotopic visual cortex. 

TOP TEN articles



Mehnert et al., NeuroImage 2017

Cerebellum and brainstem 

activation during nociceptive 

trigeminal stimulation 

Functional connectivity 

between cerebellum and 

lingual gyrus in migraine 

patients 

G. Tedeschi personal data
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During noxious-stimulus in MwA
patients increased activity in:

• Lingual gyrus

• Inferior parietal lobe

• Inferior dorsal frontal lobe

• Superior medial frontal lobe 

• Cerebellum
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Cerebellum

Neurolimbic visual-pain network
in migraine with aura ? 

Russo A. et al., Cephalalgia – Under Revision

Relationship between pain and aura



Conclusions

Advanced neuroimaging  techniques  have provided important insights in migraine : 

 Elucidating the role of subcortical structures in migraine pathophysiology 

 Expanding the importance of non pain-related aspects of migraine 

 Defining the concept of neuro-limbic pain network 

 Moving to neuro-limbic-visual-pain network 

We believe:

 that migraine is the result of dysfunctional brain networks that makes the patient more 

prone to answer with migraine attacks to behavioural (adaptive/maladaptive) stimuli: 

pathophysiology phenomenon ! 
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