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Abstract: We present a case of successful treatment of a mall-sized parasagittal meningioma (14x11x12mm),
combined with chronic migraines, which significantly improved the patient's quality of life. After endovascular
surgery -embolization of the middle meningeal artery (MMA) branches using non-adhesive embolic agents of
various viscosities (Squid 12/Squid 18), we observed not only complete resolution of the meningioma, but also
almost complete elimination of headache attacks. On the third day after the procedure, the patient reported
that headaches, which previously occurred almost every day, changed to short episodes about once in 4
months. This clinical observation and the literature data suggest that embolization of the distal branches of the
MMA could be an effective treatment for small-sized parasagittal and convexital meningiomas as well as
chronic subdural hematomas (ChSDH). Additionally, it can lead to a reduction in the intensity of migraine
headaches. Embolization of the MMA distal branches could provide relief from migraines and improve the
quality of life for patients. However, there is a lack of sufficient data on this topic in the current literature.
Therefore, it may be worthwhile to investigate this side effect further and conduct a study on the efficacy of
MMA embolization for chronic migraines.

Keywords: endovascular embolization; meningioma; Squid; middle meningeal artery; chronic
migraine; headache

1. Introduction

The meningioma embolization procedure was first described more than 50 years ago by a team
of French researchers led by Manelfe et al. [1]. Despite a long history of use of this technique, and the
obvious benefits of preoperative embolization in "softening" the tumor and reducing blood loss
during resection, the outcomes remain controversial [2]. Along with the positive effects of occlusion
of the middle meningeal artery (MMA), there are potential complications such as bleeding and stroke
[2,3]. Due to these risks, endovascular embolization of meningiomas is not routinely used and
remains an optional procedure. However, there is evidence of successful use of embolization as an
independent method of treatment, leading to up to a 60% reduction in meningioma size [4]. In 2024,
a complete resolution of a meningioma was reported 2 years after bilateral embolization of the middle
meningeal artery (MMA)performed for chronic subdural hematoma (CSDH) using a non-adhesive
composition [5].

Several authors suggest a possible link between migraines and meningiomas [6-8], noting in
their observations that migraine pain disappeared after successful treatment for this neoplasm. In
addition to the positive results of MMA embolization in treating meningiomas and CSDH, some
reports in the current literature describe a decrease in headache intensity after MMA embolization in
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patients with CSDH and migraines. However, there are currently no reports of a decrease in migraine
pain intensity after MMA embolization specifically for meningiomas.

The above clinical observation shows a decrease in the frequency and intensity of chronic
migraines, as well as the complete resolution of small meningiomas, after embolization of the middle
meningeal artery (MMA)and its branches. This case study was conducted in accordance with the
CARE guidelines. [9,10]

2. Case Presentation

A 49-year-old european patient with a parasagittal meningioma in the left frontoparietal region
admitted to Vascular Neurosurgery Department, Polenov Neurosurgical Research Institute in May
2023. In addition to the primary diagnosis, the patient had the following comorbid conditions: diffuse
toxic goiter, which was managed with hormone replacement therapy (L-thyroxine 100 micrograms),
resulting in euthyroidism; a condition following radioiodinetherapy on 2015; bronchial asthma; a
polyallergic condition; and surgical menopause since 2021 following extirpation of the uterus and
ovaries due to adenomyosis.

The patient's medical history does not include any mentions of hypertension, stroke, myocardial
infarction, or type 2 diabetes. She had no smoking or alcohol consumption history, and her tolerance
for physical activity was good. In addition to the aforementioned concurrent pathology, the patient had
experienced migraine headaches since the age of 16. The headaches were without aura and were
accompanied by photophobia, nausea, and vomiting. Prior t02021, migraine attacks were associated
with the menstrual cycle.After surgical menopause occurred, from 2022 headache attacks became more
severe and required an increase in triptan intake frequency (A migrenin and Sumatriptan). By the
beginning of 2023, headaches had become daily and required daily triptan administration. According
to the criteria of the European Headache Federation, this course could be classified as chronic migraine.

During the brain MRI in May 2022, a small parasagittal meningioma (12.9 x 11 mm) was detected
in the left frontal region without brain compression or perifocal edema, and it was not invading the
upper sagittal sinus. Figures 1a and 1b provide a visual representation of this finding.
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Figure 1. Magnetic resonance imaging (MRI) of the brain revealed an increase in the size of a
parasagittal meningioma (white arrows) in the left frontal region over the course of one year prior to
embolization: (a) A T1-weighted image taken in the sagittal plane and (b) a T2-weighted image
acquired in the coronal plane demonstrates the meningioma before embolization, with dimensions of
approximately 12 x9 x11 millimeters; (c) A Tl-weighted scan in the sagittal view and (d) a T2-
weighted image acquired in the coronal plane shows the meningioma at approximately one week
before embolization with dimensions of 14 x11 x12 millimeters.

Considering the size of the lesion and the absence of any perifocal complications, radiosurgical
treatment was recommended using the Lexell Gamma Knife. However, the patient declined radiation
therapy. A repeat MRI scan of the brain conducted in May 2023 (Figure 1 c and d) showed an increase
in the size of the lesion by 2 millimeters (14*11*12 mm). The patient continued to decline radiation
therapy, and therefore, the medical expert panel recommended proceeding with the first stage of
embolization of the middle meningeal artery (MMA) and its branches with a follow-up. And to
perform surgical removal of the tumor if it would be necessary.

At the time of admission, the patient's overall condition was considered satisfactory. Weighed
58 kilograms and 170 centimeters tall, with a body mass index of 20.1, indicating a good level of
physical stability. There were no neurological deficits noted. However, the main complaints of the
patient were related to daily migraine headaches, which were rated between 8 and 10 on a numerical
rating scale (NRS), causing a decrease in the patient's quality of life. This was evident by a headache
impact index (HIT-6) score of 66, indicating a significant impact. Assessment of the effect of migraines
on daily activities using the MIDAS (Migraine Disability Assessment) scale resulted in a score of 34,
corresponding to severe pain, significantly reducing daily activities. As a result, the patient was
unable to attend work and perform household chores, resulting in a modified Rankin Scale(mRs)
score of 2.

In June 2023, a procedure known as embolization was performed on the left middle meningeal
artery (L-MMA) and its branches. This procedure involved the use of a combination of different non-
adhesive materials with varying viscosities, including Squid 12 and Squid 18, to achieve the desired
result. The embolic agent, which was chosen due to its low viscosity and good performance in
previous MMA embolizations, successfully distributed [11-14] itself through out the arteries,
reaching both collateral vessels on the opposite side and the dural venous system. This distribution
was achieved through a careful and precise application of the material, ensuring that it reached all
necessary areas while minimizing any potential complications.

2.1. Meningioma Embolisation

Under general anesthesia, a right femoral transarterial approach was performed. A 7F
introducer was inserted, and 2.5 milliliters of heparin solution was administered. Digital subtraction
angiography (DSA) was then performed from the right and left internal carotid arteries, external
carotid arteries, and the right vertebral artery to reveal the vascular network of the tumor in the left
frontal region. Afferent vessels were found to originate from the frontal and parietal branches of the
left middle meningeal artery (MMA)and also from collateral vessels from the opposite (righty MMA
(Figures 2a and 2b). A 7 Fr Guide Softip guiding catheter (Boston Scientific) was inserted in to the left
external carotid artery, and the frontal branch of the left MMA was catheterized distally using a
Headway 17 microcatheter (MicroVention) with a guide wire Asahi Chikai 0.010-inch (Asahi Intecc).
Figures 2c and 2d show DSA images obtained through the microcatheter. Embolization was
performed using non-adhesive, minimally viscosity Squid 12 (Balt) material, with an injection
volume of 0.6 mL. The distribution of the embolic agent after the initial injection is shown in Figures
2(e)and 2(f). After achieving the limit of the embolic agent's penetration into the tumor vascular
system through this afferent pathway, the microcatheter was removed and the ipsilateral parietal
branch of the MMA was catheterized, followed by DSA (Figures 2(g)and 2(h)). Partial contrast was
observed in the remaining vascular network of the lesion from this afferent artery. The tip of the
microcatheter was positioned as distally as possible along the ipsilateral parietal MMA. With this
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positioning, a second injection of Squid 12 (Balt) was administered, which extended well into
collateral vessels, including the contralateral MMA. However, the injection was halted when the
embolic material started to spread into dural veins and the injection volume was increased to 0.7 mL
(Figures 2(i)and 2(j)). Then, the embolic agent with the lowest viscosity was substituted with a
standard viscosity (Squid 18 (Balt)), which was administered in a volume of 0.4 mL. In the
craniograms without subtraction, the embolized area is clearly visible, reproducing the afferent blood
supply of the vascular network of the tumor (Figures 2k and 1). Therefore, during the embolization
procedure, the dura mater was extensively deprived of blood vessels on both the ipsilateral and
contralateral sides.

(©) (d)

(e) (f)
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Figure 2. Digital subtraction angiography (DSA) and craniograms showing the stages of endovascular

embolization of middle meningeal artery (MMA) branches in a patient with a combination of
parasagittal meningioma and chronic migraine: (a) lateral and (b) frontal DSA projections from the
left MMA show the contrasting vascular network of the parasagittal meningioma in the left frontal
region (indicated by the white arrow). The afferents from the frontal and parietal branches of the left
MMA, as well as collateral vessels from the contralateral right MMA, are visible; (c) lateral and (d)
frontal DSA images from a microcatheter placed in the frontal branch of the left MMA show the site
of embolization; (e) lateral and (f) frontal DSA show the spread of a first push of a non-adhesive,
minimally viscous embolic agent (Squid 12, Balt), with an injection volume of 0.6 ml.; (g) lateral and
(h) frontal projections of DSA demonstrating the contrast between the remaining vascular network of
the tumor and afferents from the ipsilateral parietal branch of the MMA; (i) lateral and (j) frontal DSA
projections showing the spread of the initial Squid 12 (Balt) injection and its distribution across
collaterals, including the contralateral MMA; Craniograms in (k) lateral and (1) frontal views
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demonstrating the radiopaque cast of non-adhesive embolic compositions of various viscosities
(Squid 12/18, Balt) in both MMAs.

2.2. Outcomes and Follow-up

Two months after embolization, a follow-up MRI of the brain showed a reduction in the size of
the meningioma to 8x8x9 mm (Figures 3a and b). Complete resolution of the tumor was observed on
MRI one year later (Figures 3c and d).

Figure 3. MRI scans of the brain demonstrating a decrease in the size and subsequently resolution of
the parasagittal meningioma (white arrows) in the left frontal area after embolization: (a) T1-weighted
image in the sagittal view and (b) T2-weighted image in the coronal view showing the meningioma
two months after embolization, measuring 8*8*9 millimeters in size; (c) T1 weighted image in the
sagittal plane and (d) T2 weighted image in the coronal plane showing the complete resolution of the
meningioma one year after embolization.

For the first 3 days after the embolization procedure, the patient experienced severe headaches,
which resolved within 5 days. After that, the pain has become episodic, occurring only once every 4
months. The patient did not often experience headaches and had not noticed them in a long time.
During a follow-up exam 12 months after the embolization of the MMA, the patient reported a
significant decrease in the frequency and intensity of migraines, which became mild and quickly
relieved by taking triptans. The duration of these episodes was up to 2 hours and the intensity was
up to 3 on the scale. Headaches occurred very rarely, once in 4 months and were almost unnoticeable.
The patient's MRI scan showed a decrease in the size of the parasagittal meningioma in the left frontal
region, and the characteristics of the migraine headaches are presented in Figure 4.


https://doi.org/10.20944/preprints202410.1956.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 October 2024 d0i:10.20944/preprints202410.1956.v1

Case report timeline

= m»

Age
= © Before MMA — After MMA
.E g Embolization m Embolization
a’ E‘ MRI measurements MRI measurements o MRI measurements  MRI measurements
o c May 2022 May 2023 (o] August 2023 June 2024
& g 12*9*11 mm 14*11*12 mm 2 8*8*9 mm 0*0*0 mm
2
Migrainous Surgical From 2022, the By the beginning of 2 After the MMA 12 months follow
headache menopause in attacks became more 2023, the headaches 9 ebolization, up
without aura, 2021 intense, requiring an were daily and = headaches persisted  Episodic (once in 4
accompanied by (hysterectomy increase in the required daily < for 3 days. Since months), mild
photophobia, without ovaries  frequency of triptans triptans. N then, the pains headache, attack
‘:’ h hobi for ad. yosis) (sumatriptan). : became episodic, duration up to 2
‘® nausea and Migraine attacks (@) once in 4 months. hours.
) vomiting. became more [aa]
'g frequent, up to 3- NRS: 8-10 E NSR: 1-3
Frequency 4 times a month, w
associated with and lost their HIT-6: 66 HIT-6: 6
menstrual cycle  connection with <
was once a the menstrual MIDAS: 34 E MIDAS: 0
month. cycle.
mRs: 2 E mRs: 0.

Patient’s

Figure 4. Case report timeline showing the dynamics of changes in the size of a parasagittal
meningioma in the left frontal region and the characteristics of migraine headaches.

2.3. Patient Perspective

"I am very grateful that I chose the embolization method for the treatment of my meningioma.
This method not only allowed me to get rid of the tumor, but also of headaches. I remember the day
before surgery, when I had an attack of migraine. Perhaps hunger was the trigger. I also experienced
headaches due to hunger (but now I can comfortly starve all the day), but I was taken for surgery
after 5 pm. I realized that if I didn't have it now, I didn't know when surgery would take place. I
hoped anesthesia would help, but the headache didn't go away after surgery, plus some throbbing
joined in, and flashes of lightning appeared in my head. After 2-3 days, everything was gone. Now,I
can say that my life is divided into "before"and "after". I lead an active life style and do not experience
difficulties at work or in daily activities.".And the "constant companion", Amegrinin, has disappeared
from my purse. I would like to thank you for the opportunity to enjoy life.”

3. Discussion

Meningioma embolization is a treatment option that can be used before surgical removal of the
tumor [15] or as the first step before radiosurgery with a gamma knife [16,17]. However, this
procedure is not widely used due to the risk of complications. The incidence of complications after
preoperative embolization for meningioma varies from 21% in older studies to 6% in more recent
studies where more advanced techniques were used. [2,3,18,19]

The main adverse events associated with embolization include hemiparesis, cranial nerve palsy,
tumor edema, ischemia, hemorrhage, and necrosis in the scalp. Other minor neurological
complications may include headache, dizziness, and vomiting. In addition, there are other
undesirable phenomena that are not directly related to MMA embolization but are related to common
complications of endovascular procedures, such as the formation of a hematoma or an arteriovenous
fistula in the vascular access area [3]. A more controversial issue is the possibility of using
meningioma embolization as an independent method for tumor control and treatment. There have
been isolated observations [4,20] and small case series that have shown a decrease in meningioma
volume after embolization ranging from 10%to 70% [21], and even one case of complete resolution
[5]. However, to date, only one clinical trial has been conducted on the topic of therapeutic
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embolization for meningiomas [22], and itis currently recruiting participants. Nevertheless, the
widespread use of non-adhesive embolizing materials in clinical practice, with their high degree of
penetration and good control, opens up new opportunities for solving this problem [23]. In our case,
we initially used meningioma embolization as an independent treatment option to control its growth
and reduce its volume. We achieved complete resolution of the tumor within a year. Although the
limited observation period does not allow us to draw a definitive conclusion about a complete cure,
it demonstrates the potential of embolization with non-adhesive materials as a treatment option. Due
to the small size of the meningioma, the patient was not a candidate for surgical removal. However,
the tumor's growth over the year prompted us to seek alternative treatments.

In our case, the meningioma had multiple feeders, both from the ipsilateral (same side) and
contralateral (opposite side) middle meningeal arteries (MMA), which required a sufficiently wide
dissection of the dura mater on both sides. We propose that the widespread dissection of dura was
associated with relief of chronic migraines, as observed in the patient after the procedure over the
course of a year. It is known that dura arteries play a significant role in the development of migraine
headaches. Many researchers have noted that migraine triggers could be vasodilators, while most
effective treatments(triptans) for migraines are vasoconstrictors. [24] According to researchers, the
constriction of vessels in the meninges and brain may contribute to the effects of medications used to
relieve migraine attacks. [25] In our case, we noticed that it was the steadily increasing doses of
triptans that helped to prevent headache attacks. However, after embolization, they were needed
only sporadically every 4 months.

The significance of the dural blood flow in the development of migraine headaches is also
indirectly supported by the fact that migraines disappear after MMA surgery, as described in the
literature. Thus, in 10 patients aged 29to 70 with prolonged severe migraines, MMA ligation and
disruption of the large superficial nerve contributed to the relief of headaches and long-term
remission of the disease for up to 18 years after treatment [26].

A prospective study of migraines in patients after surgery for an aneurysm clipping compared
to endovascular occlusion using coils for acute subarachnoid hemorrhage found that stopping blood
flow through the middle meningeal artery (MMA)and dissecting the concomitant branches of the
trigeminal nerve significantly and permanently relieved migraine headaches after surgery. [27]

After the diagnosis of acute subarachnoid hemorrhage, 21 patients underwent surgical clipping
and 12 underwent endovascular occlusion with coils. For surgical clipping, a frontotemporal
craniotomy was performed, including coagulation and division of the MMA and its branches during
dural opening. Patients who underwent endovascular occlusion served as a control group. After
craniotomy, 77.4% of patients who initially experienced migraines reported no longer having
migraine headaches, while19.4% experienced a reduction in headache frequency of more than 50%.
Among patients who did not receive craniotomy, 46.7% reported no further migraines, and 20%
experienced a decrease in attack frequency by more than 50%.

Limitations of this study include the lack of randomization, loss of some follow-up patients, and
retrospective nature of the migraine data. Additionally, some patients may have had cognitive
impairments that affected their ability to provide accurate information. Despite these limitations, the
findings suggest a potential role for MMA in reducing pain symptoms associated with migraines.

Headache after MMA embolization was also assessed among migraine patients who underwent
this procedure to eliminate chronic subdural hematomas [28]. Of the 9 patients aged 45 to 77 who
had headaches for at least 2 years prior to surgery with a frequency of at least 2 days per month, 8
experienced improvements in their headache, and 7 had complete resolution. The average score on
the HIT-6 questionnaire after surgery was significantly lower than before, indicating a reduction in
headache severity.

There is a category of patients who do not respond well to standard migraine medication. In
these cases, migraine is said to be resistant or refractory [29,30]. Chronic migraines can significantly
disrupt normal functioning and lead to the overuse of painkillers, which can contribute to mental
health issues such as depression [31].
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Refractory and resistant migraines are severe forms of the condition, and there are many
unanswered questions about them. The main challenge for the patients is that standard anti-migraine
medications are either ineffective or have minimal impact, whether for preventing seizures or
relieving them in the case of refractory migraines, or when at least three different types of preventive
medications are ineffective or not tolerated in the case of resistant migraines. According to surveys
conducted among doctors at specialized headache treatment centers in Europe, the United States,
and Asia, approximately75% of doctors often encounter patients with resistant migraines in their
practice [32]. Experts estimate that in 3-14% of patients with episodic migraines, the condition
progresses and becomes a chronic daily headache [33]. This was also observed in the case of our
patient.

To assist these patients, the effectiveness of microsurgical procedures for decompressing nerves
in the frontal, temporal, and occipital areas of the head, which are associated with migraine pain foci,
was considered [34,35]. In a study conducted by Pietramaggiori et al., microsurgical surgery was
performed to decompress the auricular nerve and superficial temporal artery in 57 patients with
temporal region migraines that were resistant to drug treatment [36].

Against this background, the study "Efficacy and Safety of Middle Meningeal Artery
Embolization for Treatment of Intractable Migraine" (FAST-EM) [37], conducted in China, looks very
interesting. In this study, detachable coils were used as an embolic agent.

To date, the data collected in the framework of this research is limited. However, based on these
data, it can be assumed that migraines may become less severe or disappear after the blood flow
through the MMA is interrupted. One of the modern and safe methods for such an intervention is
embolization of the MMA with non-adhesive compositions. [11,12,38].

The above clinical observation suggests that embolization of the middle meningeal artery
(MMA)with non-adhesive materials can lead to both the resolution of small meningiomas and the
relief of chronic migraines, as well as improvement in the quality of life for patients. We assume that
this effect was achieved through the widespread and deep distributions of embolic agent of various
viscosities in the middle meningeal artery branches ipsilateral and contralateral to the meningioma.

5. Conclusions

Embolization of the middle meningeal artery (MMA)and the vascular network surrounding
meningioma has the potential to lead to complete resolution of the tumor and may be an effective
treatment option. This procedure has been shown to provide relief from chronic migraine and
improve the quality of life for patients. However, due to a lack of sufficient data in the current
literature, further research is needed. It is important to consider this potential side effect and conduct
studies on the efficacy of MMA embolization both for treating meningiomas and chronic migraines.
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