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Embolization in the
Treatment of Chronic

Headaches

Exploring middle meningeal artery embolization as a promising experimental therapy

for chronic headaches, emphasizing the need for further clinical trials to validate efficacy,

optimize patient selection and the technical approach, and ensure safety.
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hronic headaches, particularly migraine and
tension-type headache (TTH), are among the
most widespread and disabling neurologic
disorders worldwide, affecting nearly half of
the global adult population.! Migraine alone has an age-
standardized prevalence of roughly 15% globally, while
TTH is more common at about 42%." These conditions
impose a tremendous personal and societal burden.
Migraine ranks as the second-leading cause of years
lived with disability worldwide.? Although typically less
severe per episode, TTH accounts for roughly one-third
of all headache-related disability.? Patients often experi-
ence recurrent attacks that impair quality of life and
productivity, often requiring them to miss work, school,
or social activities.*
From an economic standpoint, the burden is equally
striking. In the United States, migraine alone represents
an annual economic burden of $78 billion,> and the mean
medical costs for a patient with migraine is nearly 1.7 times
that of a patient without migraine.® TTHs, being more
common, also generate substantial cumulative costs due
to their sheer prevalence, often due to lost productivity
from missed workdays and reduced work efficiency.”
The physical, personal, and economic burden of
headaches demand treatments beyond conventional

pharmacotherapy. Many patients with migraines discon-
tinue standard pharmacotherapy due to inadequate pro-
phylactic efficacy or intolerable side effects,? and in one
study, up to 36% of patients were prescribed opioids, all
underscoring an urgent need for more effective options.’
One such emerging intervention is middle meningeal
artery embolization (MMAE), which is being explored
for its potential to alleviate chronic migraine and TTH.

MMAE OVERVIEW

MMAE is a minimally invasive endovascular proce-
dure that involves occlusion of the MMA.' In an MMAE
procedure, a microcatheter is navigated into the distal
internal maxillary artery and selectively into the MMA,
where an embolic agent is then delivered to permanently
occlude the MMA, thereby cutting off blood flow to its
distal branches in the dura.”'2 Embolic materials can
include liquid embolics such as N-butyl cyanoacrylate
glue or Onyx (Medtronic), particulate agents such as
polyvinyl alcohol particles or microspheres, or coils.’ ¢
Each option has technical pros and cons regarding pen-
etration of distal branches and risk of reflux.

The importance of the MMA in neurovascular dis-
ease is well recognized. Conditions as diverse as chronic
subdural hematoma, intracranial tumors, and certain
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Figure 1. Schematic illustrating the proposed mechanism of headache relief after MMAE.

vascular malformations involve the MMA, either as part
of their pathology or as a pathway for treatment.'”'® In
this context, MMAE has emerged over the past several
years as a safe and effective therapy for chronic subdu-
ral hemorrhage (cSDH), transforming the management
of this common neurosurgical condition.” EMBOLISE,
a recent randomized trial, demonstrated that adding
MMAE to standard surgical treatment of cSDH reduced
recurrence or progression requiring reoperation to
4.1%, compared to 11.3% with surgery alone.?’ Equally
important, MMAE appears to carry a favorable safety
profile, with low reported complication rates on the
order of 1% to 2% in pooled analyses.?' This is a sub-
stantial improvement over the complication rates typi-
cally seen in surgical treatment of c¢SDH, such as burr-
hole drainage, which can range from 5% to 25%.2>?3
Moreover, serious adverse events such as stroke, cranial
nerve palsy, or cortical embolization are rare in MMAE
(1%-4%) when the procedure is performed with proper
technique and attention to collateral anatomy.?!

These findings have rapidly positioned MMAE as
a standard adjunct or alternative in management of
cSDH, and its growing adoption has enhanced sur-
geon familiarity and bolstered confidence in its safety.
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Its widespread use has also
sparked interest in repurpos-
ing the technique for treating
other conditions, such as
headache.

THEORETICAL
MECHANISM OF
MMAE FOR CHRONIC
MIGRAINE AND TTH

The rationale for employ-
ing MMAE to treat chronic
headaches stems from the
critical role of the dura mater
and its vessels in headache
pathophysiology. Migraine
is a neurovascular pain
syndrome involving the tri-
geminovascular pathway.?4%
Trigeminal nerve fibers,
particularly the ophthalmic
division, innervate the dura
and meningeal blood vessels,
including branches of the
MMA.™® Although current
research suggests that men-
ingeal vasodilation is a sec-
ondary phenomenon rather
than the primary cause of
migraine pain, it still plays a significant role in sustaining
the headache phase.” The resulting vascular pulsations
and neurogenic inflammation contribute to prolonged
pain sensitization.'® Trigeminal activation leads to the
release of potent vasodilatory neuropeptides, such as
calcitonin gene-related peptide and pituitary adenyl-
ate cyclase-activating polypeptide, which promote
sustained dilation of meningeal arteries and further
exacerbate nociceptive signaling.?>* By reducing blood
flow and dampening vascular-mediated activation of
dural nociceptors, MMAE offers a potential therapeutic
strategy for migraine relief.

High-resolution imaging studies have reinforced the
role of the MMA in migraine. Using 3T MRA during
a migraine attack, researchers observed that at head-
ache onset, only the MMA on the side of the headache
showed a significant increase in circumference, whereas
other intra- or extracranial arteries did not exhibit side-
specific dilation.33 This selective unilateral dilation
of the MMA during migraine raises the question that
meningeal vasodilation and dural afferent activation
may contribute to migraine pain.

Given this paradigm, occlusion of the MMA via
embolization could theoretically interrupt the migraine

&



pathway at its source and reset the neurovascular cas-
cade (Figure 1). By embolizing the MMA, the primary
conduit of blood and inflammatory mediators to the
dura mater can be effectively eliminated, neurogenic
inflammation can be reduced, and continuous sensory
input from dural nociceptors might be blunted.*

Although much of the mechanistic focus has been on
migraine, these dural pathways may also be relevant in
other chronic headaches. Although TTHs are typically
attributed to pericranial muscle tension and central sensi-
tization, chronic TTH shows evidence of trigeminal path-
way sensitization similar to migraine.3*3> Repeated muscle
tension can lower the pain threshold in central neurons
that also receive dural afferent input, suggesting that the
dura might serve as an accessory pain generator via con-
vergent pathways in the trigeminocervical complex¢ Thus,
eliminating pulsatile dural input through MMAE might raise
the threshold for headache generation and relieve the per-
sistent irritation contributing to pain maintenance.

EXISTING STUDIES ON MMAE FOR
CHRONIC HEADACHE

Because the idea of treating chronic primary head-
aches with MMAE is novel, clinical evidence is limited
but beginning to accumulate (Table 1).3-% The first
hints came serendipitously from a study of patients
undergoing MMAE for cSDH with preexisting chronic
headaches, where a striking improvement was found in
long-standing headaches after MMAE.* In this retro-
spective study, 46 patients who underwent MMAE for
cSDH were surveyed; of these, nine patients had a his-
tory of chronic headaches. After MMAE, with a mean
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follow-up of 489 + 173 days, eight of the nine (89%)
patients reported significant improvement in headache
frequency and intensity, and seven reported complete
resolution of their chronic headaches, as corroborated
by quantitative headache scores.’” This study suggests
that MMAE can durably ameliorate chronic headache
symptoms, at least in a subset of patients.

Beyond incidental findings, there have been initial pilot
interventions specifically targeting MMAE for primary
headache. At least two cases have been presented in
which patients with severe, refractory migraine under-
went intra-arterial lidocaine infusion into the MMA,
followed by definitive MMAE with Onyx if the lidocaine
produced improvement.3® This advanced two-step
approach led to relief of migraine symptoms in both
cases, demonstrating feasibility of the procedure in
patients with chronic headache as well as potential effi-
cacy.® Additional case reports and small series have high-
lighted the potential of MMAE in alleviating other types
of chronic head pain beyond migraine, 3% suggesting
that the therapeutic mechanism—namely, disruption of
dural nociceptive input—may have broader applicability.

To date, no large-scale randomized controlled trial has
published results on MMAE for primary headaches, but
ongoing research is actively evaluating this intervention.

It is worth noting that all existing studies and reports
on this topic, while encouraging, also emphasize the
limitations and open questions. Mainly, these studies
are limited by small sample sizes, limited longitudinal
follow-up, lack of headache etiology specification, and
potential selection bias (as in some cases, patients were
selected for MMAE due to cSDH, not purely for head-
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Study Year  Design n  Intervention Indication Main Findings
Catapano et al*’ 2022 | Retrospective survey |9 | MMAE in patients Preexisting chronic | 8/9 (89%) had significantly
treated for cSDH headache reduced headache frequency/
intensity; 7/9 (77.7%) had com-
plete resolution (mean follow-
up, 489 + 173 d)
Mancuso-Marcello | 2023 | Case series 2 | IAlidocaine infusion | Refractory Both patients achieved marked
et al® followed by MMAE | migraine symptom relief
with Onyx
Entezami et al*® 2019 | Case report 1 MMAE Headache dueto | Complete headache resolution
cSDH
Salem et al®® 2023 | Cohort study 636 | MMAE cSDH (headache | Headache relief data not pri-
subanalysis) mary endpoint; supports safety/
feasibility
Abbreviations: cSDH, chronic subdural hematoma; IA, intra-arterial; MMAE, middle meningeal artery embolization.
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ache indications).”” Nonetheless, the consistency of
headache improvement observed in disparate settings
provides a proof of concept.

FUTURE DIRECTIONS

Although preliminary, the current evidence col-
lectively indicates that MMAE can lead to meaning-
ful reductions in headache frequency and severity in
patients with chronic migraine or other head pain,
especially when conventional treatments have failed.
This sets the stage for more rigorous investigation to
validate efficacy, optimize patient selection, and ensure
safety in the headache population.

Prospective clinical trials are essential to establish
efficacy and safety, and several studies are already
underway. For example, a multicenter feasibility trial is
enrolling patients with refractory chronic migraine to
undergo bilateral MMAE using liquid embolics, with
outcomes measured in migraine frequency and sever-
ity (NCT06735833). Additionally, our group is planning
a preliminary prospective pilot study to systematically
assess the sustained symptomatic relief in patients with
intractable chronic migraine undergoing MMAE. This
study aims to enroll patients who have failed multiple
lines of pharmacotherapy for chronic headache disor-
ders. Over a follow-up period of 6 to 12 months, we will
evaluate changes in headache frequency and intensity,
using validated tools (eg, Headache Impact Test-6 and
visual analog scale) and overall quality of life.*%? In
addition, advanced imaging will be employed pre- and
postintervention to correlate clinical improvement with
changes in dural vessel caliber and collateral flow. Data
from this pilot study will provide critical insight into
the safety, feasibility, and potential efficacy of MMAE
for chronic headache relief, thereby laying the ground-
work for future larger-scale, randomized controlled
trials. Future randomized trials will be critical to meet
evidence-based standards.

Beyond these studies, future investigations should
incorporate refined imaging metrics and quantitative
analyses of dural vessel caliber to clarify the relationship
between embolic agent performance and headache
relief. Such studies could integrate advanced CTA ana-
lytics with machine learning algorithms to quantify col-
lateral flow accurately and measure the degree of vessel
narrowing.

It is also essential to examine technical factors, such
as determining the optimal approach and comparing
various embolic materials, to establish which combi-
nation offers the best balance of efficacy, safety, and
minimal risk of collateral embolization. For instance,
bilateral embolization might prove advantageous for
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patients with alternating or predominantly unilateral
pain, but the ideal embolic agent has not been defini-
tively determined.

Patient selection is equally critical. Identifying sub-
groups, such as those who have failed multiple medica-
tion regimens, exhibit imaging evidence of dural abnor-
malities, or respond favorably to a diagnostic MMA
block, could help tailor therapy and avoid unnecessary
procedures. Moreover, long-term follow-up is necessary
to ascertain whether the benefits of MMAE are durable
or if collateral vessel development eventually necessi-
tates repeat treatments.

CONCLUSION

MMAE for chronic headaches remains a promising
but experimental therapy. Ultimately, multidisciplinary
collaboration and rigorously designed clinical trials are
essential to fully integrate MMAE into standard care
protocols for refractory chronic headaches, paving
the way for personalized treatment approaches and
improved patient outcomes. B
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