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Abstract
Background: Chronic subdural hematoma (CSDH) is generally treated by burr hole
irrigation. However, sometimes repeated recurrence is observed, and treatment
may consequently become difficult. We examined the efficacy of embolization of
the middle meningeal artery (MMA) for such cases.
Methods: We considered embolization of the MMA for three patients who had
refractory CSDH with repeated recurrence and two CSDH patients who were at
risk of recurrence and showed signs of recurrence after surgery. A microcatheter
was advanced through the MMA as peripherally as possible, and embolization was
performed with 15-20% n‑butyl‑2‑cyanoacrylate or 200 µm polyvinyl alcohol particles.
Results: Embolization was performed in the three patients who had refractory
CSDH with repeated recurrence: The procedure was performed after burr hole
irrigation of the hematoma in two patients and before the irrigation in one patient.
In the two CSDH patients at risk of recurrence, embolization was performed when
signs of recurrence appeared. The timing of embolization differed for each patient.
However, in all the patients, the hematoma tended to decrease in size, and no
recurrence was observed.
Conclusion: Embolization of the MMA is effective for refractory CSDH or CSDH
patients with a risk of recurrence, and is considered an effective therapeutic method
to stop hematoma enlargement and promote resolution.
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INTRODUCTION
Chronic subdural hematoma (CSDH) is generally
treated by burr hole irrigation. Postoperative recurrence

is observed in approximately 10% of all the cases.[6,8,12]
In elderly patients with severe cerebral atrophy or those
receiving oral antiplatelet/anticoagulant drugs, repeated
recurrence is sometimes observed, and treatment may
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consequently become difficult. We embolized the middle
meningeal arteries (MMA) in patients who had refractory
CSDH with repeated recurrence and favorable outcomes
were obtained. The efficacy of the method has been
reported here.

MATERIALS AND METHODS
This study included five patients treated at our
hospital and its affiliated institutions between January
2008 and December 2011. Embolization using
n‑butyl‑2‑cyanoacrylate (NBCA) or polyvinyl alcohol
(PVA) particles was approved by the Tokyo Medical
University institutional review board, and all patients
provided written informed consent before treatment.
Embolization of the MMA was considered for patients
who had refractory CSDH with repeated recurrence
or CSDH patients who were at risk of recurrence and
showed signs of recurrence after surgery.
Under local anesthesia, a 6F guiding catheter was
inserted into the external carotid artery on the lesion
side. A microcatheter was advanced through the MMA as
peripherally as possible, and embolization was performed
with 15-20% NBCA or 200 µm PVA particles. In principle,
both the frontal and parietal branches of the MMA were
embolized with NBCA. However, PVA was concomitantly
used when there were many sites for embolization.

RESULTS
Table 1 shows the characteristics of each of the five
patients included in this study. Three of the patients
had refractory CSDH with repeated recurrence and two
patients were at risk of recurrence and were treated
when signs of recurrence appeared. Embolization was
performed in the three patients with refractory CSDH;
the procedure was performed embolization after burr
hole irrigation of the hematoma in two patients and
immediately before irrigation in one patient.
In all patients, the follow‑up courses were favorable
without recurrence.

Representative cases
Case 1

The patient was a 79‑year‑old male who had been
receiving chemotherapy since he was diagnosed with
peritoneal mesothelioma. He visited a neighborhood
hospital when he experienced a fall and received a hard
blow to the back of the head. One month later, his
follow‑up head computed tomography (CT) showed
a thin right‑sided CSDH, and he was prescribed oral
administration of ibudilast and was followed up.
Because hematoma enlargement was observed 4 months
later [Figure 1a], right‑sided burr hole irrigation was
performed [Figure 1b]. However, mild left hemiparesis
occurred 3 months later. Head CT performed
subsequently showed recurrence. Burr hole irrigation
was repeated, resulting in the resolution of the left
hemiparesis. Because of further recurrence in the
following month [Figure 1c], a third burr hole irrigation
was performed [Figure 1d]. Subsequently, embolization
of the MMA was scheduled.
Embolization
Embolization of the MMA was performed 6 days after
the third burr hole irrigation of the hematoma.
A 6F guiding catheter was inserted from the left
femoral artery and placed in the right external carotid
artery. A microcatheter was advanced into the parietal
branch of the right MMA. Subsequently, angiography
was performed, which showed cotton wool‑like
staining [Figure 2]. Sixteen per cent NBCA was injected
after confirmation of the negative result of a provocative
test with 1% lidocaine injection. The frontal branch was
also embolized with 16% NBCA in a similar procedure.
Postoperative course
The right subdural space was observed to gradually
decrease in size. There was no sign of recurrence
during the first month after embolization [Figure 3a].
Although some traces were seen on head CT images
taken 3 months later, the hematoma had almost
disappeared [Figure 3b].
No recurrence has been observed since then.

Table 1: Summary of cases
Age/gender

Side

79/M (case 1)

Rt

55/M
87/M

Lt
Lt

73/F

Bil

63/F (case 2)

Lt

Background

Timing of embolization

Elderly patient
Brain atrophy
Mesothelioma
Heavy drinker
Elderly patient
Brain atrophy
Elderly patient
Brain atrophy
Anticoagulant use

NBCA: n-butyl-2-cyanoacrylate, PVA: Polyvinyl alcohol

Embolic material

Recurrence

rd

After the 3 irrigation

16% NBCA

-

After the 2nd irrigation
Before the 3rd irrigation

20% NBCA
16% NBCA

-

On signs of recurrence

18% NBCA
200 μm PVA
16% NBCA

-

On signs of recurrence

-
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Figure 1: (a) CT scan on admission showing the right CSDH. (b) CT
scan after the first irrigation. (c) CT scan 1 month after the second
irrigation, showing re‑recurrence of right CSDH. (d) CT scan after
the third irrigation

Figure 2: Superselective angiography of the right MMA. Abnormal
vascular networks are seen (arrows)

a

a

b

b

Figure 3: (a) CT scan 1 month and (b) 3 months after embolization
of the MMA showed a decrease in the size of the right CSDH

Figure 4: (a) Initial CT scan showing left CSDH and (b) CT scan
after irrigation

Case 2

per cent NBCA was injected after confirmation of the
negative result of a provocative test with 1% lidocaine
injection. The parietal branch was also embolized with
20% NBCA in a similar procedure.

The patient was a 68‑year‑old female who had
been treated for cerebral infarction and pulmonary
embolism with oral warfarin. She had no history of
head bruises. She visited our hospital with a chief
complaint of disorientation. Head CT showed left‑sided
CSDH [Figure 4a], and left‑sided burr hole irrigation of
the hematoma was performed [Figure 4b]. Because of the
high risks associated with discontinuation of warfarin,
she was followed up with continuation of the oral
administration. Although CT performed 1 month later
showed only slight changes of density [Figure 5a], head
CT performed 2 months later showed a slight enlargement
of the hematoma and increased density [Figure 5b].
These findings were considered as signs of recurrence,
and embolization of the middle MMA was performed.
Embolization
A 6F guiding catheter was inserted from the right
femoral artery and placed in the left external carotid
artery. A microcatheter was advanced into the left MMA.
Subsequently, angiography was performed, which showed
cotton wool‑like staining [Figure 6]. The microcatheter
was further advanced to the frontal branch. Twenty

Postoperative course
The hematoma started to decrease in size 1 week
after embolization [Figure 7a] and disappeared in
4 months [Figure 7b].
No recurrence has been observed since then.

DISCUSSION
In general, CSDH is treated with 1 or 2 burr hole
irrigation, which helps achieve resolution in many cases.
However, in elderly patients, patients with cerebral
atrophy, patients with blood coagulation disorders, and
patients receiving oral antiplatelet/anticoagulant drugs,
resolution may not be achieved even after several rounds
of surgery, and CSDH is sometimes difficult to treat.
The risk factors for recurrence after burr hole irrigation
for CSDH include the following: (1) chronic alcoholism,
(2) old age, (3) cerebral atrophy, (4) hepatic dysfunction,
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Figure 5: (a) CT scan 1 month after irrigation demonstrated slight
density change and (b) 2 months after irrigation, the left CSDH
slightly increased in size and its density increased greatly

Figure 6: Superselective angiography of the left MMA. Abnormal
vascular networks are seen (arrow)

a

b

Figure 7: (a) CT scan 1 week after embolization of the MMA showed
a decrease in the size of the left CSDH and (b) 4 months after
embolization, the left CSDH disappeared.

(5) use of oral anticoagulant drugs, (6) hemodialysis,
(7) blood coagulation disorder, (8) subdural fluid
collection in pediatric patients, (9) conditions after
cerebrospinal fluid shunt, (10) time from onset to
treatment, (11) no placement of any drain during surgery,
and (12) postoperative residual air.[1,7]
Generally, in cases of CSDH, head trauma causes
rupture of the bridging vein, which connects the brain
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and the dura mater. Under the dura mater, blood from
the ruptured vein and the spinal fluid in the brain area
mix together, resulting in accumulation of bloody fluid,
which gradually coats the cavity and causes hematoma
formation. Histopathological findings show that the
membranes of the hematoma cavity have a 2‑ to
3‑layered structure. In the outer layer, formation of giant
capillaries and infiltration with macrophages are seen; in
the inner layer, small neovessels and inflammatory cells
such as macrophages and polymorphonuclear leukocytes
are observed. The mechanism of the enlargement of
the hematoma cavity is considered to be intermittent
bleeding to the hematoma cavity due to the rupture
of these neovessels.[5] Tanaka et al.[10] performed a
histological study of vascular structure between the
dura mater and the outer membrane in CSDH. A lot of
communicating vessels are present, these are classified in
capillary‑like vessels, small vein, and small arteries. These
vessels penetrate through the dura mater and connect
to the MMA. This also suggests that embolization of
the MMA can intercept the blood supply to the outer
membrane and stop hematoma enlargement.
The angiographic findings showed cotton wool‑like
staining of the peripheral end of the MMA, which is
speculated to be a giant capillary of the outer membrane
of the hematoma. Such a finding becomes apparent
especially when super selective angiography of the MMA
is performed. This finding may be apparent in the case of
a highly active CSDH where recurrence is observed.
There are few case reports and very small case series
reported.[2‑4,9,11] Embolization of the MMA is highly useful
for refractory CSDH by these reports. The commonly used
embolic materials are NBCA, PVA, and coils, which all
show the same therapeutic outcomes. However, we consider
that selecting embolic materials to allow embolization at
more peripheral locations increases the therapeutic effects.
From this perspective, it may be better to use NBCA, a
liquid embolic material, at a low concentration. However,
caution should be exercised to prevent aberrant flow into
the ophthalmic artery, the anastomosis with the internal
carotid artery through the inferolateral trunk, or the
feeding vessel to the facial nerve. If we found anastomosis
of MMA and ophthalmic artery, we consider embolization
of proximal MMA with coils. It is important to insert a
microcatheter as peripherally as possible to perform the
procedure safely. We usually perform provocative test with
lidocaine for prevention of these neurological deficits.
In this study, although embolization was performed at a
different timing in each patient, favorable outcomes were
obtained regardless of the timing. In previous studies,
the timing of treatment also differed among individual
patients. Although an increase in the number of cases and
further studies are necessary, embolization of the MMA
can be considered to be highly effective for refractory
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CSDH. Moreover, in patients with a risk of recurrence,
such as elderly patients with severe cerebral atrophy
or those requiring treatment with oral antiplatelet/
anticoagulant drugs, it also seems favorable to perform
therapeutic interventions at an early stage when signs of
recurrence are observed.

CONCLUSION
Embolization of the MMA was effective for refractory
CSDH with repeated recurrence. Moreover, in CSDH
patients at risk of recurrence, favorable outcomes were
obtained by performing embolization at an early stage
when signs of recurrence appeared. Embolization of the
MMA is a highly effective therapeutic method to stop
hematoma enlargement and to promote resolution.
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