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Abstract

Middle meningeal artery embolization (MMAE) for chronic subdural hematoma (CSDH) is a novel,
minimally invasive treatment. The indications and treatment practices for MMAE are variable and re-
main controversial. This study aimed to evaluate a strategy involving sequential MMAE after burr hole
surgery for treating recurrent CSDH. We performed a retrospective analysis of data from consecutive
patients who had undergone MMAE using liquid embolic agents within approximately 2 weeks after
burr hole surgery for recurrent CSDH from September 2020 to March 2022. We analyzed patient char-
acteristics, procedural details, CSDH recurrence after MMAE, surgical rescue, and complications. Six of
the nine patients who underwent MMAE for CSDH recurrence were male, and the median age was 85
(range, 70-94) years. Five of the nine patients were being administered antithrombotic agents. The me-
dian duration between the burr hole surgery and MMAE procedure was 10 (range, 3-25) days. Anterior
and posterior convexity branches were targeted for embolization using low-concentration N-butyl
cyanoacrylate (NBCA), and the abnormal vascular networks with a cotton wool appearance disap-
peared after embolization in all cases. The NBCA distribution was observed by high-resolution com-
puted tomography during the procedure; in three of nine cases, the NBCA penetrated not only the
MMA but also the inner membrane. No recurrence, surgical rescue, or complications were observed in
any patient during the median follow-up period of 3 months. As a minimally invasive treatment for re-
current CSDH, sequential MMAE after burr hole surgery may be a safe and effective option for pre-
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venting recurrence.
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Introduction

Chronic subdural hematoma (CSDH) has become a com-
mon disease, especially in the elderly, and the frequency
with which it occurs is predicted to increase further due
to the aging population and the prevalent use of an-
tithrombotic agents.”” CSDH is projected to become the
most common neurosurgical disease by 2030 in the United
States.” Treatment for CSDH has traditionally involved
burr hole surgery, with an outcome known to be generally
favorable.” However, CSDH recurrence is a possible compli-
cation after burr hole surgery, with a recurrence rate of
5%-30%."" The use of anticoagulants, especially in elderly
patients, is a known risk factor for CSDH recurrence.*”

Middle meningeal artery embolization (MMAE) for
CSDH is a novel, minimally invasive treatment that is re-
portedly effective in preventing recurrence, and there has
been an exponential increase in MMAE procedures in re-
cent years in the United States.”” On the other hand, es-
tablished methodologies for the treatment of CSDH are
lacking, and the indications for MMAE and the treatment
practices are variable and remain controversial.*'” This
study aimed to evaluate the safety and efficacy of sequen-
tial MMAE after burr hole surgery for preventing recur-
rence in consecutive patients treated for CSDH at our in-
stitution.
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Table 1 Patients’ demographic and clinical characteristics

Case  Age History of Antithrombotic Duration between o Follow-up
no. (years) Sex head a{ge.nts Symptoms surgery and Complications Recurrence  period
trauma administered MMAE (days) (days)
1 92 M + - Altered mental 3 - - 9
status
2 83 F - Anticoagulant  Gait instability 9 - - 95
therapy
3 77 M + DAPT Gait instability 13 - - 111
87 M + - Gait instability 10 - - 185
5 94 M + - Altered mental 25 - - 13
status
6 81 F + Antiplatelet Focal motor 8 - - 178
therapy weakness
7 93 M + Antiplatelet Gait instability 7 - - 175
therapy
70 M + DAPT Headache 10 - - 25
85 F + - Focal motor 13 - - 28
weakness

Abbreviations: DAPT, dual antiplatelet therapy; F, female; M, male; MMAE, middle meningeal artery embolization

Material and Methods

Participants and study design

We performed a retrospective analysis of data collected
from consecutive patients who had undergone MMAE for
CSDH recurrence from September 2020 to March 2022. We
first performed a burr hole surgery again to treat the re-
current CSDH and planned a subsequent MMAE procedure
to be performed within a period of approximately 2 weeks.
CSDH recurrence was defined as an increase of hematoma
width on follow-up computed tomography (CT) compared
with the postoperative CT after the first burr hole surgery,
with accompanying symptoms that included headache,
gait instability, focal motor weakness, and altered mental
status. We also collected patients’ characteristic data, such
as age, sex, history of head trauma, and use of antithrom-
botic agents. We analyzed the timing of MMAE, details of
the embolization procedures, resulting complications, re-
currence after MMAE, and surgical rescue, which was de-
fined as the requirement for burr hole surgery due to re-
current or persistent hematoma. The recurrence after
MMAE was assessed by CT at 1, 3, and 6 months after the
procedure. This study was approved by the institutional
ethics committee (approval number 2-148; March 11,
2021). Written informed consent was obtained from each
participant or his or her legal representative.

Endovascular procedure

Under local anesthesia, a 5-Fr guiding sheath was in-
serted into the right femoral artery and guided into the
common carotid artery. Under systemic heparinization, a
3.4-Fr distal access catheter was inserted into the external

carotid artery. After guiding the distal access catheter to a
location close to the foramen spinosum, a 1.3-Fr flow-
guided microcatheter was navigated into the middle
meningeal artery (MMA) using a guidewire (0.010 inches).
Anterior and posterior convexity branches were targeted
for embolization. In the anterior branch, MMA angiogra-
phy was performed to detect the absence of anastomosis
with the ophthalmic artery. The microcatheter was posi-
tioned above the orbital roof to minimize the risk of em-
bolization of the ophthalmic artery. In the posterior con-
vexity branch, the microcatheter was positioned suffi-
ciently distal to the foramen spinosum to minimize the
risk of embolization of the petrosal branch, which feeds
the vessel to the facial nerve. Both branches were em-
bolized using heated 16.7% N-butyl cyanoacrylate (NBCA)
mixed with lipiodol. After embolization, we performed
high-resolution CT (HRCT) to visualize the distribution of
the NBCA. After the procedure, the patients underwent ob-
servation in the general ward and were assessed for neuro-
logical symptoms. The subsequent day, CT was performed,
and the patients were discharged, either returning home
or being sent to a rehabilitation hospital. Postoperative CT
was also performed at 1, 3, and 6 months after the proce-
dure, when possible.

Results

A total of 103 CSDHs in 87 patients were treated in burr
hole surgery, and the recurrence rate after burr hole sur-
gery was 8.7% (9 patients). Table 1 summarizes the charac-
teristics of the nine patients who underwent sequential
MMAE after burr hole surgery for the treatment of CSDH
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recurrence. Six of the nine patients were male, and the
median age was 85 (range, 70-94) years. Five of the nine
patients were being administered antithrombotic agents.
The median maximum width of hematoma before burr
hole surgery was 30 (range, 22-39) mm, and all patients ex-
hibited symptoms associated with hematoma. The median
duration of time between the burr hole surgery and MMAE
procedure was 10 (range, 3-25) days. Anterior and poste-
rior convexity branches were targeted for embolization,
and abnormal vascular networks with a cotton wool ap-
pearance were observed in all cases. Both branches were
embolized using 16.7% NBCA. The median volume of
NBCA administered in the anterior branch was 0.1 (range,
0.02-0.17) mL; in the posterior convexity branch, the me-
dian volume administered was 0.08 (range, 0.02-0.17) mL.
The abnormal vascular networks were confirmed to have
disappeared after embolization. The distribution of the
NBCA was observed by HRCT during the procedure, and
the NBCA penetrated not only the MMA but also the inner
membrane in three of the nine cases. No complications
such as visual field defects, alterations in visual acuity, or
facial paralysis associated with MMAE were observed in
any of the patients. The median follow-up duration was
103 (range, 9-185) days, during which no recurrence or
surgical rescue was observed in any patient.

Case presentation (case 6)

An 8l-year-old female presented with right hemiplegia
and aphasia 2 weeks after experiencing head trauma. She
had been receiving an antiplatelet agent for the treatment
of coronary artery disease. CT examination revealed bilat-
eral CSDH. Therefore, a burr hole surgery was performed
for left CSDH, after which the right hemiplegia and apha-
sia improved, and she was discharged the following day.
However, the symptoms of right hemiplegia reappeared 2
weeks later, and CSDH recurrence was confirmed by CT
(Fig. 1A). We performed another burr hole surgery and a
left MMAE procedure was conducted 8 days later. The
MMA angiography revealed abnormal staining, with a cot-
ton wool appearance (Fig. 1B), and the anterior and poste-
rior convexity branches were embolized with 16.7% NBCA.
HRCT revealed that the NBCA penetrated not only the
treated MMA but also the inner membrane and contralat-
eral MMA (Fig. 1C, D). We confirmed that not only the left
but also the right hematoma had been reduced through
follow-up CT examinations performed 1 and 3 months af-
ter the procedure (Fig. 1E).

Discussion

In this study, we analyzed data from nine cases in which
MMAE was performed using liquid embolic agents within
2 weeks following burr hole surgery for the treatment of
recurrent CSDH. No complications, recurrence, or surgical
rescue was observed in any of the patients. MMAE for
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CSDH is an emerging minimally invasive procedure that
has the potential to reduce the need for further surgical
intervention.”" In a previous meta-analysis that included
718 MMAE cases, MMAE was associated with lower rates
of CSDH recurrence (P = 0.02, odds ratio: 0.15, 95% confi-
dence interval: 0.03-0.75) and surgical rescue (P = 0.003,
odds ratio: 0.21, 95% confidence interval: 0.07-0.58) com-
pared to those associated with conventional manage-
ment.” Since the first report of MMAE in 2000, the num-
ber of reports involving the use of MMAE for the treat-
ment of CSDH has been increasing.""*"”

However, the indications for MMAE are variable.” In
this study, we evaluated and presented data from consecu-
tive cases who underwent MMAE after burr hole surgery
for all CSDH recurrences, a treatment strategy that has not
been previously reported. Initially, there were some reports
involving MMAE, all of which were targeted only at groups
that were at high risk of recurrence after burr hole sur-
gery.”* In recent years, however, the safety of MMAE has
been established, and there have been published reports
describing prophylactic MMAE performed immediately af-
ter the first burr hole surgery, as well as upfront MMAE as
an alternative to the first burr hole surgery.”* The indica-
tions for MMAE remain controversial, and it is important
to define appropriate patient selection criteria. The treat-
ment strategy for symptomatic CSDH recurrence has gen-
erally involved a repeated burr hole surgery. However, pa-
tients treated with anticoagulant therapy, especially the
elderly, have an increased risk of CSDH recurrence even af-
ter burr hole surgery.*” Sequential MMAE after burr hole
surgery could be an effective option for minimizing CSDH
recurrence to avoid the need to undergo repeated burr
hole surgeries.

One of the advantages of this strategy is that it facili-
tates the early resumption of antithrombotic agents, al-
though the timing of MMAE is also controversial. In this
study, we performed sequential MMAE following burr hole
surgery for CSDH recurrence, with a median duration of 10
days between the second burr hole surgery and the MMAE
procedure. CSDH recurrence after burr hole surgery often
occurs within about 1 month. Therefore, we first planned
another burr hole surgery for CSDH recurrence and subse-
quently performed MMAE within a period of approxi-
mately 2 weeks, which appeared to be an appropriate
timeframe for ensuring a good outcome.

Polyvinyl alcohol particles are an embolic material com-
monly selected for MMAE."™*" In this study, however, we
selected heated low-concentration NBCA as a liquid em-
bolic material.”* NBCA is a fast-acting liquid adhesive
that polymerizes upon contact with anions in the blood;
this can result in shorter operating times, which can be
advantageous when used under local anesthesia, especially
in elderly patients.” The use of low-concentration NBCA
prevents the adhesion of the microcatheter tip to the ves-
sel wall, allowing for long-term injection and safer emboli-
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Fig. 1 Imaging findings of an 81-year-old female who presented with right hemiplegia and aphasia 2 weeks after head trauma

(case 6).

A: Computed tomography (CT) image indicating the recurrence of left chronic subdural hematoma (CSDH).

B: Super-selective angiogram (lateral view) of the anterior branch showing an abnormal cotton wool appearance (white arrow).

C and D: High-resolution CT (coronal view) showing that the N-butyl cyanoacrylate (NBCA) penetrated not only the treated middle
meningeal artery (MMA) but also the inner membrane (white arrow) and contralateral MMA (arrowhead).

E: CT performed 3 months postembolization showing the resolution of not only the left subdural hematoma but also the right sub-

dural hematoma.

zation. The addition of lipiodol to adjust to the low-
concentration NBCA also improves visibility at the time of
embolization. Another advantage of using NBCA is that its
penetration can be confirmed by CT. In some cases,
postembolization HRCT showed that the NBCA penetrated
not only the MMA but also the inner membrane (Fig. 1C).
Regarding embolized blood vessels, some studies have
reported that it is important to embolize both the anterior
and posterior convexity branches to achieve extensive
devascularization in MMAE.*” The anterior and posterior
convexity branches are often involved in a hematoma. In
angiographic anatomical analysis of the MMA, three
groups have been used to classify the dominance of the
anterior or posterior convexity branch. The dominance of
the anterior branch was observed in a minority of MMAs
(41%), whereas posterior dominance or codominance was
observed in 59% of cases.” In this study, the posterior
dominance or codominance was observed in five of nine

patients. We performed embolization of both branches,
and no recurrence requiring surgical rescue was observed
in this study.

In terms of complications, in the anterior branch, it is
important to evaluate the potential for anastomoses with
the orbital branch. The microcatheter should be positioned
above the orbital roof in a lateral position to minimize the
risk of embolization of the ophthalmic artery. In the poste-
rior convexity branch, it is important for the microcatheter
to be positioned sufficiently distal to the foramen spino-
sum to minimize the risk of embolization of the petrosal
branch, which feeds the vessel to the facial nerve. In a pre-
vious study, the posterior convexity branch presented a
proximal origin at 36%; therefore, in such cases, one must
pay particular attention to bifurcation of the petrosal
branch.”

This study had several limitations. For example, it in-
cluded a small number of cases, it was retrospective in na-
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ture, and it relied on data from a single center. Another
limitation was the relatively short follow-up period. Fur-
ther studies with a larger cohort and a long-term follow-up
period are necessary to confirm the present findings.

As a minimally invasive treatment for recurrent CSDH,
sequential MMAE using NBCA performed within 2 weeks
after burr hole surgery may be a safe and effective option
to prevent recurrence, although further studies with larger
sample sizes and long-term follow-up periods are required.
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