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Abstract

Background— Embolization of the middle meningeal artery (MMA) has emerged as a treatment strategy for
chronic subdural hematoma (cSDH). We performed a systematic review and a meta-analysis of currently published
literature on MMA embolization in patients with cSDH.

Methods— We searched Pubmed, Medline, and Cochrane databases for all studies that described the use of MMA
embolization in patients with cSDH. We conducted a meta-analysis on the resulting studies and calculated event
rates of treatment failure, procedural complications, and clinical and radiological improvements. From studies that
compared MMA embolization with conventional treatment, we calculated the rates of treatment failure as an outcome
of both methods using a fixed effects model.

Results— In this review, we included eleven studies with 212 total cases of cSDH treated with MMA embolization.
While the average length of time to follow-up evaluation ranged widely between studies (1 month to 4 years), of
the included patients in this review, 97.2% (95% confidence intervals [CI] 94.2 to 100) showed reduced cSDH size;
96.8% (95% CI 93.8 to 99.8) showed improvement on the modified Rankin Scale (mRS). Overall procedural com-
plications were reported in 0.2% (95% CI -1.8 to 2.1) of patients. Three studies comparing MMA embolization and
conventional treatment demonstrated that MMA embolization was associated with lower rates of treatment failure
defined as ¢SDH recurrence or persistence of cSDH of a width of greater than 10mm (odds ratio [OR] 0.06 CI 95%
0.02 - 0.23, P<0.01; 12:0.0%).

Conclusion— Our meta-analysis shows that MMA embolization is effective in reducing ¢cSDH volume and was
associated with lower rates of treatment failure when compared with conventional therapy. Randomized clinical trials

examining MMA embolization as a potential standard therapy in patients with cSDH are required.

Keywords— Embolization, middle meningeal artery, chronic subdural hematoma, endovascular.

INTRODUCTION

Chronic subdural hematoma (¢cSDH) is a common neurosur-
gical diagnosis in adults (Figure 1). Currently, the two main
options for treating cSDH are conservative management and
surgical management. Conservative management typically
employs serial imaging, antifibrinolytics, or statins.' Surgery
consists of hematoma removal using burr hole drainage or

craniotomy. Surgical evacuation is at times limited due to
recurrence of cSDH and many cSDH patients have several
medical comorbidities precluding general anesthesia.

Embolization of the middle meningeal artery (MMA) for
treating cSDH is a new minimally invasive option that may
reduce the need for surgical evacuation with craniotomy (Fig-
ure 2). By embolizing the branches of the middle meningeal
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FIGURE 1: A representation of the pathogenesis of a chronic subdural
hematoma. An acute subdural hematoma (A) liquefies and develops
membranes, creating compartments within the chronic subdural he-
matoma (B). Microhemorrhages from these membranes lead to further
enlargement of the chronic subdural hematoma (C).

artery which may contribute to neovascularization of cSDH,
the rate of reabsorption of blood products becomes greater
than the rate of their accumulation or rebleeding, leading to
eventual resolution of cSDH. Most case series to date have
reserved MMA embolization for cSDH patients who have
failed surgical intervention.>” The existing literature de-
scribing the natural history and outcomes for patients with
c¢SDH who do not require surgical evacuation remains poor-
ly defined. The role of MMA embolization in this subset of
patients remains a point of debate in many institutions. Due
to continued controversy, we performed a systematic review
and meta-analysis of the current evidence for middle menin-
geal artery embolization for the management of cSDH.

METHODS

Literature search and study selection

A computerized literature search was done of Medline and
Cochrane databases from inception to May 2019, with the
following search terms: ‘middle meningeal artery emboli-
zation’, ‘embolization’, ‘chronic subdural hematoma‘, ‘out-
come’, ‘endovascular treatment’. We also searched through
the bibliography of the included studies to find additional
studies that were not found in our initial literature search.
Single case reports and duplicate publications were excluded.
No other search restrictions were applied.

Two authors (VD and FAM) carried out the literature search
and extracted data from relevant studies. The eligibility as-

sessment of the articles was performed by the lead author
(FAM).

Data Abstraction

From each included study, the following information was col-
lected: type of study, age, sex, branches of MMA embolized,
embolic materials used, previously failed surgical drainage
before MMA embolization, use of adjunctive surgical drain-
age of cSDH with MMA embolization, MMA embolization
procedural complications, mean follow-up, radiological im-
provement of SDH on follow-up, clinical improvement on
follow-up (defined as mRS scores 0-2 or a decrease in at least
1 point) and treatment failure on follow-up (defined as recur-
rence of cSDH requiring surgical drainage).
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FIGURE 2: Embolization of a chronic subdural hematoma with
neovascularization (A) of the subdural membranes. The microcatheter
is within the anterior branch of the middle meningeal artery and there
are two examples of embolization strategies: microparticles (B) and the
Onyx liquid embolic system (C).

Statistical Analysis

The majority of included studies were single arm (non-com-
parative) with 3 studies that compared outcomes with MMA
embolization with conventional management. Categorical
variables were reported as proportions. Continuous vari-
ables were reported as mean + standard deviation. For the
non-comparative analysis, we estimated from each cohort the
cumulative incidence (event rate) and 95% confidence inter-
vals [CI] for each outcome. Event rates for each intervention
were pooled across studies using meta-analysis with random
effects model. For the comparative analysis, we used the
studies by Ban et al.,* Kim et al.” and Matsumoto et al.’ and
compared the rates of treatment failure (recurrence of cSDH
requiring surgical drainage) between MMA embolization and
conventional management. Event rates for this comparative
analysis were pooled across studies using meta-analysis with
a fixed effects model as there was a low heterogeneity for
treatment failure as an outcome among these specific stud-
ies. Heterogeneity of the treatment effect across studies was
evaluated using the I? statistic, which was considered to in-
dicate substantial heterogeneity if it was >50%. Publication
bias was evaluated with a funnel plot for the comparative por-
tion of the meta-analysis. Statistical significance was set to a
p-value of less than 0.05. The meta-analysis was performed
using STATA 14.0 software (StataCorp, Texas, USA).

RESULTS

Characteristics of Included Studies

The literature search yielded 45 articles, of which 34 were
excluded because they were not relevant to our meta-analysis
while the remaining 11 met our inclusion criteria (Table 1).>2
Six studies were single center case series, 4 were retrospec-
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FIGURE 3: PRISMA flow diagram.

tive cohort studies and 1 was a prospective cohort study. Re-
sults of our PRISMA search are shown in Figure 3. A total of
212 chronic subdural hematomas treated with MMA emboli-
zation were included in this meta-analysis. Mean age (+stan-
dard deviation) of patients included was 72.5 (+5.2) years.

Non-comparative Analysis of Overall Outcomes

While time to follow-up varied from one month to four years,
radiological evidence of cSDH size reduction was reported in
97.2% (95% C1 94.2 to 100) (Table 2). Clinical improvement
rate was reported in 96.8% (95% CI 93.8 to 99.8) of treat-
ed patients. Treatment failure rate was 2.1% (95% CI -0.8 to
5.0). Procedural complications rate from MMA embolization
was low and reported in 0.2% (95% CI -1.8 to 2.1) of treated
patients.

Treatment failure comparative analysis

In three articles (Ban et al.,® Kim et al.’ and Matsumoto et al.’)
a total of 598 patients (96 who underwent MMA emboliza-
tion and 502 who were treated with conventional treatment)
were analyzed. MMA embolization had fewer treatment fail-
ures over three to six months compared with conventional
treatment (odds ratio [OR] 0.06 95% CI 0.02 - 0.23, P<0.01;
12:0.0%) (Figure 4). A funnel plot of the data showed a rea-
sonable symmetric funnel shape, which may indicate that
publication bias is unlikely (Figure 5).

DISCUSSION

MMA Embolization

Our updated meta-analysis shows that, across the includ-
ed studies, most patients treated with MMA embolization
demonstrated clinical and radiological improvement. In most
cases, MMA embolization alone was sufficient to resolve the
¢SDH, with only 96 of the 201 embolized patients (47.8%)
undergoing additional surgical procedures (i.e. burr hole
drainage, craniotomy) after embolization. Furthermore, pa-
tients who underwent embolization had low rates of treatment
failure, with only 7 (3.5%) developing recurrence of cSDH.
When compared with conventional treatment options, MMA
embolization was associated with lower rates of treatment
failure. These studies also reported low rates of procedural
complications demonstrating that this procedure can be per-
formed with low rates of complications.

Only three studies compared patients undergoing MMA em-
bolization with a control group of patients receiving conven-
tional treatment. The smallest case series (n = 14) compared
rates of ¢cSDH recurrence among patients divided into three
treatment groups: MMA embolization immediately followed
by burr-hole irrigation and drainage, burr-hole irrigation and
drainage alone, and craniotomy.’ While two patients in the ir-
rigation alone group experienced cSDH recurrence and none
in the MMA embolization group, the difference in outcome
was not statistically significant.’ A retrospective cohort study
(n = 43) compared patients who received MMA emboliza-
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FIGURE 4: Forest plot of the three comparative studies demonstrating that MMA embolization had fewer treatment failures compared to the
conventional treatment (odds ratio 0.06 95% confidence interval 0.02 - 0.23, P<0.01; 12:0.0%).

tion after burr-hole drainage with patients who underwent
craniotomy.’ The authors found that the timespan for restor-
ing brain symmetry as demonstrated by CT was significantly
faster in the embolized group, and there were lower rates of
¢SDH recurrence in the MMA embolization group. However,
there was no significant difference in clinical outcome be-
tween the two groups, as measured by patient functionality;
in both groups, an mRS of 0-2 was demonstrated in 85-87%
of the patients.” The largest study found that patients who
underwent MMA embolization alone (n=72) experienced
significantly lower rates of treatment failure (as defined by
incomplete hematoma resolution) than patients who received
conventional treatment (n=469), including surgical and con-
servative management.®

While these data suggest that MMA embolization is safer
than conventional therapy, determining the patient selection
criteria for MMA embolization is less clear. Overall, most of
the included studies on MMA embolization were conducted
in patients who developed recurrent cSDH after one or mul-
tiple surgical evacuations (Table 1). In the three controlled
studies mentioned above, MMA embolization was performed
in patients who failed conventional therapy initially, as
demonstrated by recurrent SDH after burr hole surgery and/
or craniotomy, and in high-risk surgical candidates such as
those with chronic antiplatelet drug use or old age.>*° Further
studies need to be conducted to investigate whether the bene-
fits of embolization differ between patients refractory to con-
ventional treatment and patients who are embolized initially.
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FIGURE 5: Funnel plot of the three comparative studies demonstrating a reasonable symmetric funnel shape, which may indicate that publication

bias is unlikely.
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TABLE 2: Meta-analysis of non-comparative data for overall out-
comes.

All ¢SDH (%) 5

Outcome (95% CI) I
Radiological improvement 97.2 (94.2 to 100) 54.9%
Clinical improvement 96.7 (93.7 t0 99.8) 41.8%
Treatment failure 2.1(-0.8 t0 5.0) 0.0%
Procedural complications 0.2 (-1.8t02.1) 0.0%

Abbreviations used:

cSDH chronic subdural hematoma

However, some case reports have described the use of MMA
embolization as the sole therapy. Entezami et al."® describe
an elderly patient with worsening headaches who was subse-
quently found to have a cSDH.

Given that the patient had relatively mild symptoms and re-
quired several anticoagulation medications, the decision was
made to bypass surgery and proceed directly with MMA em-
bolization. The patient subsequently demonstrated resolution
of headaches and resolution of cSDH as demonstrated by fol-
low-up CT three months later."

Variations among MMA embolization protocols may influ-
ence clinical and radiological outcomes. Across the includ-
ed studies, the most common embolic materials used were
polyvinyl alcohol (PVA) particles and N-butyl-2-cyanoacry-
late (NBCA). While all of these materials can be associated
with the same outcome, some authors, for various reasons,
reported a preference for a specific material.'> Two studies
recommended the use of low concentration NBCA as the ide-
al agent for embolizing peripheral branches of the MMA >4
In contrast, Chihara et al.? specifically used PVA particles to
avoid embolizing through a dangerous anastomosis and fi-
bered coils to prevent recanalization. In addition, while many
reports described embolizing both the anterior and posterior

dural branches of the MMA, some publications did not state
which branches were targeted (Table 1). Further studies will
need to identify differences in technique, materials, and treat-
ment protocols for MMA embolization.

The findings of this review corroborate prior studies that ex-
plore MMA embolization in patients with cSDH. Previous
reviews reported MMA embolization as having lower rates of
¢SDH recurrence compared with conventional treatments.'>'¢
A review by Wagqas et al.'® noted that no procedural compli-
cations were reported across 182 total patients who received
MMA embolization.

LIMITATIONS

Certain limitations of this study need to be recognized. The
majority of the included studies were non-randomized, single
center, retrospective, self-adjudicated case series. These stud-
ies did not allow for a significant distinction between patients
who received MMA embolization alone or after surgical in-
terventions failed. There were only three studies that com-
pared this intervention with conventional treatment options.
In addition, the potential variation in MMA embolization pro-
tocols and conventional treatments of cSDH among the stud-
ies could contribute to different clinical outcomes. Many of
these protocol variations reflect differences based on treating
physicians’ preferences.

CONCLUSION

Our review supports further evaluation of MMA emboliza-
tion in treating patients with cSDH. Our results suggest that
MMA embolization is associated with radiological and clini-
cal improvement in patients with cSDH, along with low rates
of complications. An adequately powered, multicenter, pro-
spective randomized controlled trial examining the safety and
effectiveness of MMA embolization as monotherapy and as
an adjunct to surgery is required.
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