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ABSTRACT

Background: Chronic subdural hematoma (CSDH) is a condition that tends to recur frequently. Although
middle meningeal artery embolization (MMAE) is an effective CSDH treatment, there is currently no consensus
regarding the optimal timing for embolization.

Methods: In this single-center and retrospective study, we reviewed 72 cases with 1*-time recurrent CSDH
from January 2018 to July 2023 and identified those treated with MMAE to examine its effect and the impact of
differences in the timing of treatment.

Results: Of the 72 cases with CSDH recurrence for the 1+ time (mean age: 80.4 + 9.7 years; men: 62 [86.1%];
mean first recurrence interval: 33 + 24 days), 27 (37.5%) experienced a second recurrence. The mean first
recurrence interval was shorter in cases with a second recurrence compared to cured cases: 24.3 + 18.6 versus
38.3 + 25.6 days, respectively (P = 0.005). MMAE was performed in 17 (23.6%) cases (mean age: 82 + 6.2 years;
men: 14 [82.4%]). The mean time from initial surgical treatment to embolization was 52.4 + 35.4 days, and the
mean recurrence interval before MMAE was 24.9 + 19.6 days. Six cases (35.3%) experienced post-embolization
recurrence and required surgical treatment. The mean recurrence interval before MMAE was shorter in cases
with recurrence after MMAE (15 + 6.4 vs. 30 + 22.1 days, P = 0.023). The time from initial surgical treatment to
embolization was significantly shorter: 31.3 + 12.8 versus 63.9 + 38.9 days (P = 0.039).

Conclusion: Cases with a short first recurrence interval were more likely to experience a second recurrence.
Repeated recurrences within a short time increased the likelihood of post-embolization recurrence. MMAE
performed early following the initial surgical treatment increased the recurrence risk.
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INTRODUCTION

Chronic subdural hematoma (CSDH) is a prevalent neurosurgical condition characterized
by symptoms resulting from the gradual accumulation of blood in the subdural space, which
compresses the brain. There are two main forms of CSDH: traumatic and spontaneous. Traumatic
CSDH is triggered by trauma that could sometimes be so minor that the individual is either
unaware of its occurrence or may have forgotten it. CSDH that is not linked to any underlying
trauma and without a known cause is referred to as spontaneous. Examples of spontaneous
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CSDH include patients with increased bleeding tendency and
those with cancer, but many aspects of the disease remain
unknown. As the severity of symptoms increases, surgical
intervention, such as burr-hole drainage of the hematoma,
may be necessary; however, the likelihood of recurrence is
high. CSDH often occurs in older adults, and it is anticipated
that the number of cases will increase as the population
ages."8 Several studies have reported the outcomes and
procedures of middle meningeal artery embolization
(MMAE) in relation to traumatic and spontaneous CSDH
(such as patients with bleeding tendencies, cancer, arachnoid
cysts, and pediatric cases).*>!>") However, there are few
reports on the treatment timing of CSDH and MMAE,
including the recurrence intervals. The appropriate timing of
MMAE treatment remains unclear.

In this single-center and retrospective study, we examined
the recurrence interval and treatment course of cases with
recurrent CSDH and discussed the postoperative course of
MMAE and the timing of embolization.

MATERIALS AND METHODS

This study is a single-center and retrospective analysis
of 72 lesions of 1¥-time recurrent symptomatic CSDH
that occurred between January 2018 and July 2023. We
examined the case background, number of recurrences,
recurrence interval (the period between surgical treatments),
and treatment outcomes for each patient. Further, we
retrospectively reviewed the chronological sequence
from initial onset to cure, embolization method, and
treatment outcomes of patients who underwent MMAE.
The Institutional Ethics Review Board approved the study
(approval number: 2023-013). The timing and methods of
treatment at our center are as follows: symptomatic CSDH
was initially treated using burr-hole evacuation or drainage.
If the hematoma regrew and became symptomatic again,
further surgical treatment was performed. Surgical treatment
included mini craniotomy and endoscopic removal of the
hematoma, particularly for organized hematomas or those
that could not be removed through burr holes.

MMAE was usually performed at the second recurrence,
making it the third surgical treatment. At other times,
MMAE was performed when there was a high risk of
recurrence or contralateral symptomatic disease at the time
of embolization. The embolization material used was n-butyl-
2-cyanoacrylate. Proximal and distal branch embolization
was performed if dangerous anastomoses were absent and
catheter guidance was possible; otherwise, proximal or distal
branch embolization was performed.

Continuous variables are reported as means and standard
deviations, whereas categorical variables are reported as
numbers and frequencies (percentages). EZR (Saitama

Surgical Neurology International « 2024 « 15(214) | 2

Medical Center, Jichi Medical University, Saitama, Japan) was
used for all statistical analyses. The Mann-Whitney U-test
was used for continuous variables, and Pearson’s Chi-square
test was used for categorical variables. Statistical significance
was set at P < 0.05.7]

RESULTS

Seventy-two cases with a second recurrence were included in
the study. No cases were excluded from the study. The mean
age of participants was 80.4 £ 9.7 years; 62 (86.1%) were
men, and 28 (38.9%) recurrences were right-sided. The mean
first recurrence interval was 33 + 24 days, and the mean
of all recurrence intervals was 31.9 + 26.3 days. Bleeding
tendency (hematological disease or oral antithrombotic
medication) was present in 25 cases (34.7%) [Table 1]. There
was no difference in the recurrence interval between cases
with and without bleeding tendency (34.4 + 25.5 vs. 32.3
+ 23.4 days, respectively, P = 0.70.). The interval for first
recurrence was compared between cases who experienced a
second recurrence and those who did not [Table 2]; the mean
interval was 24.3 * 18.6 versus 38.3 + 25.6 days (P = 0.005),
indicating that cases with recurrence had a shorter interval
for first recurrence [Figure 1].

MMAE was performed in 17 (23.6%) cases (mean age: 82 +
6.2 years; men: 14 [82.4%]), and 8 (47.1%) were right-sided.
The mean first recurrence interval was 22.1 + 15.9 days, the
mean time from initial surgical treatment to embolization
was 52.4 + 35.4 days, and the mean recurrence interval
before embolization was 24.9 + 19.6 days. Embolization was
performed 2 days before and 6 days after surgical treatment,
with a mean of 1.2 + 2.3 days after surgery. Embolization
was performed in 2 cases (11.8%) at the first recurrence,
13 (76.5%) at the second, 1 (5.9%) at the third, and 1 (5.9%)
at the fourth recurrence (mean: 2.1 recurrences). Three cases
had an increased bleeding tendency, two were receiving
antithrombotic medication, and one had myelodysplastic
syndrome [Table 3].

Table 1: Baseline characteristics of cases (1=72) with recurrent
chronic subdural hematoma.

Age (years) 80.4+9.7
Men 62 (86.1%)
Right-sided 28 (38.9%)
Bleeding tendency 25 (34.7%)
The mean interval for the first recurrence (days) 33.0+24.0
The mean interval for all recurrences (days) 31.9+26.3
Number of recurrences mean 1.6+0.9
1 45 (62.5%)
2 16 (22.2%)
3 7 (9.7%)
4 3 (4.2%)
5 1 (1.4%)
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Table 2: Comparison of recurrent and cured cases after the first
recurrence.

Recurrence Cure P-value
(n=27) (n=45)
Age (years) 82.4+5.5 79.3%11.3 0.34
Men 24 (88.9%) 38 (84.4%) 0.6
Right-sided 15(55.6%) 19 (42.2%) 0.45
Bleeding tendency 10 (37%) 15 (33%) 0.75
The mean interval for 24.3+18.6 38.3+25.6 0.005

first recurrence (days)

Table 3: Baseline characteristics and treatment details of 17 cases
who underwent middle meningeal artery embolization.

Age (years) 82+6.2
Men 14 (82.4%)
Right-sided 8 (47.1%)
Tendency to hemorrhage 3 (17.6%)
Time from initial surgical treatment to 52.4+35.4
embolization (days)
The mean interval for first recurrence (days) 22.1+15.9
Recurrence interval before embolization (days) 24.9+19.6
From surgical treatment to embolization 1.242.3
Number of recurrences eligible for 2.1+0.6
embolization, mean
1 2 (11.8%)
2 13 (76.5%)
3 1 (5.9%)
4 1(5.9%)
Embolization with n-butyl-2-cyanoacrylate 17 (100%)

Number of embolized middle meningeal artery branches

1 9 (52.9%)

2 8 (47.1%)
Complication 1(5.9%)
Surgical treatment after embolization 6 (35.3%)
Recurrence interval after embolization (days) 24.7+18.9

All cases underwent successful embolization using
n-butyl-2-cyanoacrylate (20-33%); nine cases underwent
embolization of one branch of the MMA, eight underwent
embolization of two branches, and one had a complicated
middle meningeal arteriovenous shunt. After embolization,
6 cases (35.3%) became symptomatic and required surgical
treatment [Table 3]. The progress of all cases, including the
embolization date, is displayed in order based on the number
of days from initial surgical treatment to embolization
[Figure 2]. The mean recurrence interval after embolization
was 24.7 + 18.9 days.

In cases that required surgical treatment after
embolization compared to those that were cured, the
mean first recurrence interval was 13.8 + 4.4 versus 26.6
+ 18.1 days, respectively (P = 0.63). The mean interval for
all recurrences before MMAE was shorter in cases that
required surgical treatment after MMAE compared to
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Figure 1: Box plots comparing the first
recurrence interval of recurrent and cured
cases after the first recurrence. The mean
recurrence interval was shorter in cases with
a second recurrence: 24.3 + 18.6 versus 38.3
+ 25.6 days, respectively (P = 0.005).
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Figure 2: The treatment course progress of middle meningeal artery
embolized cases, including the embolization date, in order of the
number of days from initial surgical treatment to embolization.
The blue bar indicates the recurrence interval of pre-middle
meningeal artery embolization (MMAE). x indicates the timing of
embolization. Red indicates the recurrence interval after MMAE.

those not requiring surgery (15 + 6.4 vs 30 £ 22.1 days,
respectively; P = 0.023). The time from initial surgical
treatment to embolization was also significantly shorter
(31.3 + 12.8 vs. 63.9 £ 38.9 days; P = 0.039; Table 4). There
were no significant differences regarding age, presence of
hemorrhagic predisposition, number of MMA branches
embolized, number of recurrences before embolization,
or number of days between embolization and surgical
treatment. There was no difference in the recurrence
interval before and after MMAE (24.9 + 19.6 vs. 24.7 +
18.9 days, respectively; P = 0.32).
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Table 4: Comparison of recurrent and cured cases after middle
meningeal artery embolization.
Recurrence Cure P-value
(n=6) (n=11)
Age (years) 82.8+5.1 81.5+6.9 0.84
Embolization of two middle 2 6 0.4
meningeal artery branches
Bleeding tendency 1 2 0.62
Time from initial surgical 31.3£12.8  63.9£389  0.039
treatment to embolization
(days)
The mean interval for the 13.8+44  26.6t18.1  0.063
first recurrence (days)
Recurrence interval before 15.0+6.4  30.0£22.1  0.023
embolization (days)
Number of recurrences 2.0+0.63 2.1+0.7 0.94
eligible for embolization
From surgical treatment to 1.3+£2.3 1.1£2.4 0.76
embolization
DISCUSSION

Older age, antithrombotic medications, pre-and post-
operative hematoma status, and volume are known risk
factors for CSDH recurrence. Although there are reports
that drainage does not affect the time to recurrence," there
are few reports examining the recurrence interval. The
median interval for all recurrences was 24 days (interquartile
range: 14-36 days), this result is similar to the findings in
the previous report."! In this study, the first recurrence
was observed at a mean of 33 + 24 days, and the second
recurrence was less frequent in cases with a longer interval
between the first and second recurrences.

Several studies have documented the efficacy of MMAE
for CSDH. Although various reports have focused
on whether embolization should be performed as a
standalone treatment or in conjunction with surgical
treatment, the type of embolization material to be used,
the number of vessels to be embolized,™ complications,
and other factors, there is no clear consensus. In
addition, no consensus has been reached on the timing of
embolization. Regarding the timing of embolization, there
are reports on treatment with embolization alone, failure
at 1-3 recurrences, and embolization at 2-11 weeks after
initial treatment.>>*'” In the present study, on average,
2.1 £ 0.6 times recurrences cases experienced MMAE 52.4
* 35.4 days after the initial surgical treatment. Moreover,
post-MMAE recurrence was more common in cases with
a short time between the initial surgical treatment and
MMAE and in cases with repeated recurrences during a
short time interval.

CSDH formation involves the recruitment of
inflammatory cells, angiogenesis of highly permeable
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and leaky capillaries, processes supporting membrane
formation, and fibrinolysis, which promote further
bleeding.” The etiology of CSDH involves inflammation,
but inflammatory cytokines have been reported to
decrease over time.'” If the inflammation is still active,
CSDH will recur whether MMAE or burr-hole evacuation.
The treatment timing is also considered an important
factor in CSDH treatment.

Embolization of the MMA is believed to be due to its
hemostatic effect and inflammatory cascade arrest. MMA
embolization alone reportedly reduces the hematoma after
3-12 weeks.®! Even if the MMA is embolized early in CSDH
development, the inflammatory cascade may cause further
angiogenesis and bleeding, leading to recurrence. Even if the
MMA is embolized, CSDH is not cured immediately. This
report supports the finding that early MMAE was associated
with a higher incidence of recurrence.

The potential for bleeding, including the wuse of
antithrombotic therapy, is an important factor in the
recurrence of CSDH. Although reports are indicating that
antithrombotic therapy increases the likelihood of CSDH
recurrence and the recurrence after MMAE, particularly in
spontaneous cases,!'*>”l our series did reveal any impact
on recurrence. Nonetheless, antithrombotic therapy may
have influenced the treatment course. For cases at high risk
of recurrence, including those on antithrombotic therapy,
MMAE is expected to reduce the number of recurrences and
extend the recurrence interval.

The first recurrence interval was associated with the second
recurrence of CSDH but not with the recurrence after
MMAE. In cases with a short interval to the first recurrence,
MMAE may reduce the number of recurrences and extend
the recurrence interval. However, it should be noted that
recurrence after MMAE may occur if the time between initial
treatment and embolization is short.

A limitation of this study was the high recurrence rate
after embolization. Previous meta-analyses have reported
a 3-5% likelihood of surgical treatment following MMA
treatment.*'>'%! This could potentially be because the meta-
analyses included embolization as the initial treatment,
whereas this study included many cases with repeated
short-term recurrences. Other possible reasons include bias
regarding patient backgrounds and treatment modalities.
Further, case accumulation is required due to our small
sample size.

CONCLUSION

Cases with a short first recurrence interval were more
likely to experience a second CSDH recurrence. Cases
with repeated recurrences within a short time were more
likely to experience recurrence after embolization. Cases in
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which MMAE was performed early after the initial surgical
treatment were prone to recurrence. The treatment timing
is also an important factor impacting recurrence rates and
should be carefully considered. Prospective studies and
accumulating cases are required, with a special focus on
the timeline, including recurrence interval and treatment
timing.
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