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Migraine is a chronic paroxysmal neurological disorder
characterized by sensitization of neural networks and
hypersensitivity to various stimuli.' Brain clearance path-
ways, particularly the glymphatic system and meninge-
al lymphatic vessels, regulate neuroinflammation and
cerebrospinal fluid (CSF) dynamics and may therefore
influence migraine occurrence and management.” The
article titled “Brain Glymphatic and Lymphatic Systems
in Migraine: Mechanistic Insights and Neuromodulation
Perspectives with an Emphasis on Ultrasound-Based
Approaches,” published in the previous issue,” provides
a comprehensive overview of this topic in addition to the
review by Dr. Cha.’

As shown in Figure 1 of the article,” the association be-
tween migraine and the glymphatic system is presented as
unidirectional, proceeding from migraine to glymphatic
dysfunction. Experimental evidence suggests that calci-
tonin gene-related peptide may influence meningeal lym-
phatic tone and CSF efflux.’ Conversely, the glymphatic
system itself may also contribute to migraine pathophysi-
ology. In addition to its role in waste clearance, CSF flow—
a fundamental physiological process—may participate in
migraine signaling pathways. Experimental studies have
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shown that solutes released during cortical spreading de-
polarization can be transported through the CSF to the tri-
geminal ganglion.’ These findings support the possibility
that CSF-mediated transport dynamics may modulate the
temporal patterns of trigeminal nerve activation and the
onset of migraine attacks.

It remains unclear whether alterations in glymphatic-
lymphatic pathways in migraine represent a primary
pathophysiological driver or a secondary phenomenon
mediated by comorbid sleep disturbance. Robust experi-
mental evidence indicates that glymphatic activity is mark-
edly enhanced during non-rapid eye movement sleep and
suppressed during wakefulness. Consequently, impaired
clearance observed in patients with migraine may plausi-
bly reflect fragmented sleep, insomnia, or circadian dys-
regulation rather than migraine-specific mechanisms. Ep-
idemiological and mechanistic evidence further suggests
that clearance dysfunction shows stronger and more re-
producible associations with primary sleep disorders and
neurodegenerative diseases than with primary headache
disorders per se.’

In addition, the chronobiological dimension warrants
further discussion. Brain clearance activity peaks during
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nocturnal sleep states, whereas most primary headache
disorders—including migraine and tension-type head-
ache—occur predominantly during daytime hours. Clus-
ter headache represents a notable exception because it
demonstrates strong circadian and nocturnal periodicity
and is frequently associated with sleep apnea.” If impaired
nocturnal clearance were a central driver of headache
pathophysiology, stronger temporal coupling between
periods of glymphatic suppression and headache onset
might be expected. The relative dissociation between noc-
turnal clearance enhancement and the predominantly
diurnal occurrence of migraine raises the possibility that
clearance alterations function as modulatory factors rather
than primary triggers.

Overall, current analyses of diffusion tensor imaging and
ultrasound data remain indirect and insufficient to estab-
lish glymphatic dysfunction or clearance modulation as
validated mechanisms in migraine. Although preclinical
studies suggest that focused ultrasound can alter CSF trac-
er movement, no clinical evidence currently demonstrates
meaningful effects on migraine frequency, chronicity, or
interictal burden.

In summary, although the brain clearance framework is
conceptually attractive, current evidence does not defini-
tively establish a direct causal relationship between glym-
phatic-lymphatic dysfunction and migraine. Distinguish-
ing migraine-specific mechanisms from sleep-mediated or
circadian effects will require innovative studies incorporat-
ing objective sleep metrics, CSE glymphatic, and lymphat-
ic imaging biomarkers, assessments of conventional mi-
graine therapies, and neuromodulatory approaches aimed
at restoring physiological states that facilitate clearance.
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