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Case Report

Angiogenesis in the Septum and Inner Membrane of Refractory 
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Middle Meningeal Artery Embolization with Low-concentration  
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The middle meningeal artery (MMA) is suggested to play 
an important role in the recurrence of chronic subdural 
hematomas (CSDHs). However, the exact mechanisms 
involved in the recurrence of CSDHs still remain 
unknown. For recurring CSDHs, MMA embolization is 
performed using low-concentration n-butyl-2-cyanoac-
rylate (NBCA) at our hospital. We report new findings 
and a discussion related to the mechanism of CSDH 
recurrence based on the imaging findings after MMA 
embolization, and cases that required craniotomy due 
to recurrence. The study included eight patients with 
recurrent CSDH, defined as ipsilateral hematoma  
re-enlargement within 3 months, and treated with MMA 
embolization. MMA embolization was performed 
successfully in all eight patients with no complications.  
Of the eight patients treated, one patient required crani-
otomy for the evacuation of CSDHs due to hematoma 
re-enlargement. NBCA casts were observed in the inner 
membrane of CSDHs in five of the eight patients by 
postoperative computed tomography scans. In the case 
that required craniotomy, the formation of neovascula-
tures was observed in the inner membrane of the CSDH. 
Our results suggested that angiogenesis also occurs in 
the septum and inner membrane through the MMA and 
the outer membrane of the CSDH. Additionally, these 
neovascular vessels may be involved in the recurrence 
of CSDH after MMA embolization. In a future larger 
study, it is necessary to elucidate in detail the vascular 
architecture of the CSDH membrane associated with the 
hematoma re-enlargement, and the effectiveness of 
MMA embolization that embolized to these peripheral 
neovascular vessels.

Keywords: chronic subdural hematoma, recurrence, 
embolization, angiogenesis, n-butyl-2-cyanoacrylate 
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Introduction
Chronic subdural hematomas (CSDHs) are often found in 

the elderly peoples. It is expected that the number of people 
affected by this disease will increase as population aging 
increases. Although burr-hole surgery has been established 
as a standard treatment for CSDHs, recurrence rates of 
5–33% have been reported.1–7) For intractable CSDH with 
repeated recurrence, the effectiveness of Ommaya reservoir 
placement,1,8) subdural-peritoneal shunts,1,9) the removal of 
the outer membrane of the hematoma capsule by crani-
otomy,1) endoscopic septal perforation,10,11) have been 
reported with treatment effects of a certain degree. However, 
they are not necessarily minimally invasive.

In CSDHs, the middle meningeal artery (MMA) and neo-
vascular vessels in the outer membrane anastomose via the 
dura matter. This leads to the intermittent bleeding of vul-
nerable blood vessels and contributes to CSDH enlarge-
ment.12,13) It is, therefore, believed that the embolization of 
the MMA can reduce the recurrence rate of CSDHs by dis-
rupting blood flow to the outer membrane of hematomas. 
Although a few cases of recurrence after MMA embolization 
have been reported, much remains unknown about the 
mechanisms involved in the recurrence of CSDHs.

In addition to burr-hole surgery, we have been performing 
MMA embolization mostly using low-concentration n-butyl-
2-cyanoacrylate (NBCA) for recurring CSDHs at our hos-
pital. Here, we discuss and report the mechanisms of 
hematoma enlargement derived from the findings of post-
embolization imaging tests, and cases that required crani-
otomy after embolization due to recurrence.

Patients and Methods
From June 2006 to October 2017, 714 patients with CSDHs 

underwent single burr-hole surgery with irrigation and 
drainage under local anesthesia in our hospital. For hard or 
multicellular hematomas, a drainage tube was inserted after 
the hematoma cavity was washed with artificial cerebro-
spinal fluid or normal saline. Subsequently, we performed 
MMA embolization on cases with two or more ipsilateral 
recurrences within 3 months and cases with high risks of 
recurrence in which antithrombotic/anticoagulant therapy 
could not be discontinued. Embolization was performed 
after sufficient explanations were provided and informed 
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patients after embolization. In one of the eight patients, 
hematoma size was reduced after embolization, and did not 
require burr-hole surgery. Plain CTs of the head, performed 
immediately after embolization or 1 day after embolization, 
showed no aberrations of the NBCA cast in the intracranial 
blood vessels. We observed that the NBCA cast had reached, 
not only the outer membrane of the hematoma capsule, but 
also the inner membrane via the septum and the periphery of 
the hematoma in five of the eight patients (Figs. 1E, 1F, 2C 
and 2D). One patient presented recurrence 3 months after the 
MMA embolization through the right brachial artery (Fig. 2). 
The patient underwent Ommaya reservoir placement surgery, 
but he also required craniotomy for hematoma removal 13 
months after embolization because of recurrence due to 
occlusion of the Ommaya reservoir. Intraoperative findings 
showed the formation of neovascular vessels in the inner and 
outer membrane of the hematoma capsule (Fig. 3).

consent was obtained. Embolization was not performed if 
informed consent could not be obtained, renal dysfunction 
was present, use of the chemotherapy drugs affecting coagu-
lation ability could be discontinued, there was difficulty in 
staying calm during embolization due to restlessness, and 
recurrence after more than 3 months of undergoing a burr-
hole surgery. After embolization, head computed tomogra-
phies (CTs) were performed on all patients immediately after 
surgery or a day after surgery to assess the penetration of the 
embolic material (NBCA).

MMA Embolization
Endovascular embolization was performed under local 

anesthesia using a biplane angio-graphic system (Philips 
Allura Clarity FD; Philips Healthcare, Andover, MA, USA). 
A 5- or 6-Fr long sheath was placed in the right femoral or 
brachial artery, and a 5- or 6-Fr guiding catheter was 
inserted into the external carotid artery using standard 
coaxial techniques. For microcatheters (MCs), a 1.5-Fr Bal-
tacci (Balt Extrusion INC., Montmorency, France) was used. 
The MC was introduced to the periphery of the MMA not 
involved with dangerous anastomoses to perform superselec-
tive angiography and observe abnormal vascular networks. 
Embolization was performed, using NBCA (Braun, Mel-
sungen, Germany) as an embolic material, while paying 
attention to dangerous anastomoses defined as recurrent 
meningeal artery, the feeding vessel to the facial nerve, or 
the connection with the internal carotid artery through the 
inferolateral trunk, and after confirming that there was no 
involvement of these dangerous anastomoses. The NBCA 
was diluted to a concentration of 12–24% using sufficiently 
warmed Lipiodol (Guerbet LLC., Bloomington, IN, USA). 
The embolization was performed by extremely slow injection 
of low concentration NBCA over a long period of time, to 
ensure the cast reached the periphery of the MMA (Fig. 1). 
In one of the eight cases, polyvinyl alcohol (PVA; Boston 
Scientific, MA, USA) particles (size: 50–150 μm) were used 
in combination with NBCA for treatment.

Results
In 84 cases (11.8%), there was a first recurrence of CSDHs, 

while there was a second recurrence in 18 cases (2.5%). In 
MMA embolization was performed on eight patients with 
intractable CSDHs that recurred twice or more within  
3 months (Table 1).

The patients that underwent MMA embolization were all 
men with a mean age of 79 years (64–87 years) and an 
average postoperative observation period of 28.9 months 
(Table 1). Two of the eight patients were taking oral anti-
platelets or anticoagulants. In seven cases, except for one 
patient with carotid artery stenosis, there was no abnormal 
vascular network detected on the CSDH’s membrane on 
internal carotid artery angiography. The abnormal vascular 
networks were observed in all cases on the selective MMA 
angiography before embolization and confirmed to have dis-
appeared after embolization. No complications associated 
with embolization were observed in any of the patients, and 
there was no recurrence of CSDHs in seven of the eight 

Fig. 1  A lateral pre-operative superselective angiogram of the right 
(A) and left (B). Abnormal vascular networks were observed within the 
bilateral middle meningeal artery’s frontal branch. Each artery was 
embolized using 17% n-butyl-2-cyanoacrylate (NBCA). A post-
procedural digital subtraction angiogram showed that the abnormal 
vascular networks disappeared (C and D). Post-embolization computed 
tomography scans revealed the NBCA cast (arrows) in the inner mem-
brane and septum of the chronic subdural hematoma (E and F).
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Fig. 2  Superselective angiographies of the right middle meningeal 
artery (MMA) obtained before (A) and after (B) embolization in  
Case 2 with 17% n-butyl-2-cyanoacrylate (NBCA). The MMA is com-
pletely embolized and the abnormal vascular networks are no longer 
seen. Post-embolization computed tomography scans revealed the 
NBCA cast (arrows) in the inner membrane and septum of the chronic 
subdural hematoma (C and D).

A

C

B

D

Fig. 3  The craniotomy findings (Case 2). The outer membrane 
(A) and inner membranes (B) of the chronic subdural hematoma 
(CSDH). Post-resection of the inner membrane of the CSDH 
(C). The formation of neovasculatures (arrows) observed in the 
inner membrane of the CSDH (D and E).

A B C

D E

Discussion
Middle meningeal artery embolization for recurrent 

CSDHs was first reported by Mandai et al.14) There have 
been numerous reports on its effectiveness ever since.14–23) 
Ban et al.15) performed MMA embolization on 72 patients 
and reported positive treatment outcomes with no surgical 
complications and only one case of recurrence. The MMA 
has latent anastomoses at the ophthalmic artery, the internal 
carotid artery and the cranial nerves. MMA embolization is 

considered to be a minimally invasive and safe treatment if 
attention is paid to these locations.

In CSDHs, a hematoma cavity is formed as a result of a 
ruptured dural border cell layer due to minor injuries that 
lead to an influx of spinal fluid and blood inside. Histopatho-
logically, hematoma capsules have a layered structure of two 
to three layers, while there are numerous capillary-like ves-
sels, venules and arterioles in the outer membrane which 
anastomose with the dura mater via the MMA.12,24) These 
neovascular vessels are observed as characteristic dark con-
trast images of foggy staining, cotton wool-like staining, and 
an abnormal vascular network in a superselective angiog-
raphy of the MMA.16,18) Intermittent bleeding into the hema-
toma cavity caused by the ruptured neovascular vessels 
present in the outer membrane is considered to be a factor 
that leads to the enlargement of CSDHs. On the other hand, 
much remains unclear with regard to the involvement of the 
inner membrane of hematomas. Yamashima et al.25) reported 
that the inner membrane of hematoma capsules form syncytia 
that reinforce the arachnoid membrane and, unlike in the 
outer membrane, neovascularization does not take place in 
them. However, studies that observed hematoma cavities 
during surgery under neuroendoscopy reported bleeding 
from the columnar structure (septum) present in the cavities 
in addition to bleeding from the outer membrane of hema-
tomas, and that this may have been involved in hematoma 
enlargement.11,26) Nakaguchi et al.27) also focused on the con-
trast effect of the inner membrane of hematomas in contrast 
CT and surmised that there was the development of neovas-
cular vessels in the inner membrane as well. Furthermore, 
they also suggested the involvement of angiogenesis in the 
inner membrane in the enlargement of the hematoma, 
because the contrast effect of the inner membrane increased 
as the chronic phase of a hematoma progressed. In five of the 
eight cases that we analyzed, we observed an influx of 
NBCA in the inner membrane of hematomas from the 
columnar structure and the periphery of the hematomas on 
CT scans performed after embolization. In the case where 
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craniotomy was required due to re-enlargement, the formation 
of neovascular vessels was noted in the inner membrane of 
the hematoma (Figs. 3D and 3E). These findings suggest that 
vascular hyperplasia also occurs in the inner membrane and 
septum of hematomas, and these neovascular vessels may be 
involved in the recurrence of CSDH after MMA emboliza-
tion (Figs. 1E, 1F, 2C and 2D). It remains unclear how neo-
vascular vessels formed in the inner membrane and septum 
of hematomas affect the recurrence of CSDHs. However, it is 
assumed that cell proliferation, including the formation of 
capsules and enlargement of hematomas, and increased local 
metabolism take place in areas other than the outer mem-
brane of hematomas. Moreover, there are cases in which 
CSDHs recurred even after the removal of hematomas or  
the outer membrane of hematomas via craniotomy.28)  
In addition, MMA embolization is believed to block oxygen 
and nutrition supply at the inner membrane level of hema-
tomas, which are required, not only for the outer membrane 
of hematomas, but also for CSDH enlargement, thereby 
greatly reducing the risk of recurrence. Much remains 
unknown about the vascular architecture involved in the 
recurrence of CSDHs. Therefore, further research is required.

The use of embolic materials such as NBCA, PVA and 
coils/gelatin sponges for MMA embolization have been 
reported.14–23) Previous studies have also reported that the 
recurrence of CSDHs after MMA embolization is very 
less,14–23) including the present case. Takeshima et al.29) 
reported a case with recurrence after embolization with gel-
atin sponges alone, MMA recanalization occurred, and the 
mechanism was thought to have involved resorption of the 
gelatin sponge. Chihara et al. reported a case in which crani-
otomy was performed due to recurring CSDHs that happened 
3 months after MMA embolization. They indicated the pos-
sibility that the development of collateral circulation to the 
outer membrane of the hematoma before CSDH healing may 
have been the cause.30) To prevent recanalization, we used 
NBCA because it lowers the incidence of reopening after 
embolization.31) NBCA is a cyanoacrylate-type adhesive that 
has the property of polymerizing upon contact with anions in 
the blood, hardening, and adhering to the vessel wall and 
MC tip. The lower the NBCA concentration, the lower the 
viscosity within the catheter, and the average polymerization 
time is extended to 3.2 s at 50% and to 11.8 s at 20%. Addi-
tionally, visibility at the time of embolization increases by 
adding more Lipiodol as an oily contrast medium. As a result 
of reducing the concentration, adhesion to the catheter 
decreases and polymerization time is prolonged, thereby 
enabling infusion for a long period of time.32,33) On the other 
hand, the viscosity of Lipiodol is 27–54 mm2/s at 20°C, 
which is more than 10 times higher than that of non-ionic 
contrast medium used for cerebral angiography.34) Thus, 
simply decreasing the NBCA concentration reduces the vis-
cosity, and even if NBCA is injected for a long time, the cast 
often does not flow significantly into the periphery. Since 
Lipiodol has the characteristic of having lower viscosity after 
warming, it is suggested that Lipiodol be sufficiently 
warmed prior to use to prevent proximal occlusion. Due to 
the involvement of various factors such as the position of the 

MC tip and speed of the NBCA injection performed by an 
operator, how far toward the peripheral region of the hema-
toma capsule the NBCA reaches by decreasing its concentra-
tion depends on the case. In our experience, when a 
flow-dependent MC was inserted as far as possible into the 
peripheral region of the MMA and 12–24% NBCA was 
injected, the NBCA cast could be injected into the columnar 
structure or inner membrane of the CSDH in five of eight 
cases. In the past, the use of low-concentration NBCA in the 
preoperative embolization of meningioma was also reported 
to allow NBCA to reach the peripheral vascular bed in the 
tumor.32) Based on the hypothesis that the formation of neo-
vascular vessels in the inner membrane of hematomas is a 
cause of CSDH re-enlargement, we believe penetrating the 
periphery with low-concentration NBCA mixed with warm 
Lipiodol is effective for treatment. Moreover, NBCA is 
reported to present no difference in its effects for vascular 
occlusion at different concentrations;35) thus, if NBCA can 
reach more peripheral neovascular vessels, potential 
blocking of the blood flow from the collateral circulation can 
be expected.

On the other hand, one of points to note in the use of low-
concentration NBCA is that, similar to the normal concentra-
tion of NBCA, there are risks of the rupture of the MC and 
vascular damage when the tip of a catheter is trapped after 
long-distance insertion. In addition, when removing a cast of 
low-concentration NBCA, one should pay attention to the 
scattering of NBCA to proximal vessels due to the softness 
of the cast.36) To reduce these risks, Fukuda et al.32) reported 
the importance of using a 4-Fr intermediate catheter and 
slowly removing a catheter after NBCA injection. No com-
plications resulting from the use of low-concentration NBCA 
for recurrent CSDH has been reported in any study,16,18,20) 
including ours. However, all reports are small-scale studies 
and thus, further investigation is needed.

The limitations of this study include the small number of 
cases and single-center, retrospective nature of the study. 
Further investigations with a larger number of cases are 
needed to confirm our results.

Conclusion
Middle meningeal artery embolization is expected to  

prevent CSDH recurrence with lower complication rates, 
provided that the understanding of the functional anatomy of 
the MMA is performed. Our results suggested that angiogen-
esis also occurs in the inner membrane and septum of hema-
tomas through the MMA, and this neovascularization may 
be related to hematoma enlargement after MMA emboliza-
tion. To perform more effective embolization, it is necessary 
to elucidate in detail the vascular architecture in the CSDH 
membrane in large study.
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