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INTRODUCTION

Chronic subdural hematoma (CSDH) is believed to be caused by disruption of the dural border 
cell layer in the dura mater due to minor head trauma, angiogenesis, and septal formation from 
hemorrhage, and resulting repeated microbleeding.[7]

The morbidity of CSDH is believed to increase with patient age, and an increasing number 
of patients take antithrombotic drugs, such as warfarin, DOACs, and antiplatelet drugs.[17] 

ABSTRACT
Background: Organizing chronic subdural hematoma (OSDH) is intractable and its radical treatment remains 
controversial. Middle meningeal artery embolization has emerged as an adjunctive treatment to craniotomy for 
OSDH.

Case Description: The patient is an 86-year-old man. He had been taking warfarin for atrial fibrillation and was 
referred to the department for the treatment of bilateral chronic subdural hematoma (CSDH), which was found 
on head computed tomography after a fall. Bilateral burr hole drainages were performed, but his hematomas 
were organized, so the hematomas could not be drained sufficiently. The patient was discharged from the hospital 
without any neurological symptoms. Two months later, the patient presented with persistent fever and headache 
and had recurrent bilateral CSDHs. The hematoma on the right side was larger. Based on the initial intraoperative 
findings, OSDH was suspected, and craniotomy was performed on the right hematoma. Propionibacterium acnes 
were detected in the hematoma culture, and antimicrobial therapy was started postoperatively. Since the right 
hematoma recurred on the 7th postoperative day, bilateral middle meningeal artery (MMA) embolization with 
20% n-butyl-2-cyanoacrylate was performed, followed by craniotomy for the left hematoma and drainage for the 
right recurrent hematoma. Antimicrobials were administered for 2 weeks after the last operations. Six months 
after the operations, both bilateral hematomas had almost disappeared.

Conclusion: Craniotomy is effective for the treatment of infected OSDH, and MMA embolization is useful to 
reduce the risk of bleeding complications in the perioperative period, and may also reduce the recurrence of 
CSDH.
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Organizing chronic subdural hematoma (OSDH) is known 
as a variant of CSDH, which accounts for 0.5–2.0% of 
all CSDHs.[11] Its treatment remains controversial. The 
usefulness of craniotomy, small craniotomy, and endoscopic 
hematoma removal has all been reported.[3,4,6,14,15] Some 
reports recommend total removal of the inner membrane 
to prevent recurrence of hematoma,[2] while others suggest 
preservation of the inner membrane due to the risk of 
postoperative complications, such as acute subdural 
hematoma and epilepsy.[3]

Since the first report of MMA embolization as a treatment 
for CSDH in 2000,[13] its clinical usefulness has attracted 
much attention. In addition, there are few reports of MMA 
embolization being performed for OSDH. As embolization 
material, polyvinyl alcohol (PVA), PVA + coil, trisacryl 
gelatin microspheres, and n-butyl-2-cyanoacrylate 
(NBCA) have been used, and all of them have shown 
certain efficacy.[5,10,12,20]

CASE DESCRIPTION

The patient was an 86-year-old man with a history of atrial 
fibrillation; he had been taking warfarin. The patient was 
referred to the department because bilateral CSDHs were 
found on the computed tomography (CT) scan, which was 
performed as an examination of his unsteadiness. The head 
CT showed bilateral convex lenticular hematomas with 
relatively high density but no calcification [Figure 1a]. The 
blood tests showed mild glucose intolerance with an HbA1c 
of 6.8%, but no other abnormalities were noted. Warfarin was 
stopped and bilateral perforator drainage was performed. 
The bilateral hematomas showed almost no leakage of fluid, 
even after incision of the hematoma outer membrane, and 
the operation was completed after cleaning the hematoma 
cavity as much as possible through perforation and placing 
a drainage tube in the hematoma cavity [Figure 1b]. 
A postoperative CT scan showed that most of the hematoma 
remained, although a little organizing hematoma had been 
removed. The patient’s clinical symptoms improved and he 
was discharged home after restarting warfarin.

Two months after discharge from the hospital, the patient 
presented with a complaint of slight fever and headache that 
persisted for several days. The blood test performed at that 
time showed a mild elevation of serum C-reactive protein 
at 4.73  mg/dL. Although the CSDH had not increased 
significantly since the last time [Figure 1c], there was a 
compression of the brain parenchyma, so a craniotomy was 
proposed to remove the hematoma. The patient was admitted 
to the hospital for a detailed examination of his fever. Blood 
tests on admission showed leukocytes 5700, C-reactive 
protein 4.67  mg/dL, procalcitonin 0.03  ng/mL, and βD-
glucan 9.0 pg/mL. Although there were no findings to actively 
suspect systemic bacterial infection, infection was not found 

on the CT of the patient’s body, and the reason for the elevated 
C-reactive protein was unknown. Magnetic resonance 
imaging (MRI) showed high signal in diffusion-weighted 
imaging around the outer membrane of both bilateral 
hematomas [Figure 1d], so the possibility of infectious OSDH 
was considered at this time, and craniotomy under general 
anesthesia was planned for the right-sided hematoma [Figure 
1e], which had greater hematoma volume. Warfarin was 
replaced with heparin during the perioperative period.

The intraoperative findings showed that the dura was incised 
and a yellow hematoma outer membrane was evident. The 
hematoma was hard and organizing and was removed 
completely. The entire hematoma inner membrane was 
exposed. There were several areas of microscopic bleeding 
from the border between the outer and inner membrane, 
and the entire area was completely cauterized to hemostasis. 
Although an infectious hematoma was suspected, the inner 
membrane was preserved due to the fear of spreading the 
bacteria to the brain surface, and a risk of brain parenchymal 
damage. The hematoma was examined for culture, and 
Propionibacterium acnes were detected, leading to the 
diagnosis of infectious OSDH. The patient was treated with 
ampicillin/sulbactam from the postoperative period. Two 
weeks after surgery, a CT scan showed recurrence of the 
right hematoma [Figure 1f]. It was believed that if the left 
hematoma was also an infectious hematoma, a craniotomy 
would be necessary to reduce the number of bacteria, but in 
consideration of the recurrence of the right hematoma, it was 
decided to perform MMA embolization.

The MMA embolization revealed that the left external 
carotid artery imaging showed the vascular foci feeding the 
hematoma [Figure 2a: white arrows], mainly in the parietal 
region, and embolization with 20% NBCA was performed 
[Figure 2b: black arrows]. The right external carotid artery 
selective imaging showed no abnormal vessels reaching the 
hematoma due to the postoperative craniotomy [Figure 2c], 
but the remaining MMA branch was embolized with 20% 
NBCA [Figure 2d]. During the operation, the surgeons 
were careful to avoid dangerous anastomosis to recurrent 
meningeal artery.

The day after embolization, a craniotomy was performed 
for the left hematoma and drainage for the right hematoma 
under general anesthesia. The findings of the left craniotomy 
were the same as those of the right craniotomy: yellow outer 
membrane [Figure 3a], hard hematoma [Figure 3b], and 
complete exposure of the inner membrane after removal of 
hematoma [Figure 3c]. There was almost no microscopic 
bleeding from the inner membrane compared with the right 
side, probably due to the MMA embolization, so hemostasis 
was easy. Brown liquid hematoma was drained from the 
right recurrent hematoma. On this occasion, both the right 
and left side’s hematomas were cultured too, but no bacteria 
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were detected. He was treated with intravenous ampicillin/
sulbactam for 7  days postoperatively, followed by 1  week 
of oral amoxicillin. The patient was discharged with a 
postoperative course and is being followed up in an outpatient 
clinic. The course of imaging findings after surgery is shown 
in [Figure 4]. The CT scan  just after surgery shows a drain 
tube inserted into the right hematoma cavity [Figure 4a].We 
are taking CT scans of his head 1 week [Figure 4b], 1 month 
[Figure 4c], and six months after the surgery.

Six months after the surgery, the hematoma had almost 
disappeared on CT imaging [Figure 4d].

DISCUSSION

CSDH is believed to be the result of the disruption of 
the dural border cell layer in the dura mater due to minor 
trauma, which leads to the formation of new blood vessels 
and septum within the hematoma.[7] In addition, due to the 
so-called CSDH cycle, inflammatory cells mobilized into the 
hematoma cavity attempt to repair the damage to the dural 
border cells and proliferate to form a new membrane.[7] Many 
of the inflammatory cells perform a pro-angiogenic role, 
which supports the development of new blood vessels in 
this subdural region. These vessels are “leaky” and promote 
microhemorrhage and leakage of spinal fluid into the new 
membrane connected subdural space.[8]

OSDH occurs in 0.5–2.0% of all CSDHs and is considered 
hard to treat radically.[11] It occurs when the hematoma has 
been present for a long period of time (6  months–1  year), 
and within the hematoma, there is a repeated bleeding due 
to the development of granulation tissue and the production 
of sinusoidal blood vessels at the inner and outer membrane 
borders of the hematoma. In addition, microenvironmental 
disturbances in the hematoma cavity due to circulatory 
disturbances and metabolic abnormalities caused by 
atherosclerosis, inflammation, and diabetes mellitus promote 
calcium deposition.[8]

Preoperative diagnosis of an OSDH is difficult and cannot be 
made on plain CT unless it is accompanied by calcification.[1] 
Several characteristic findings have been reported through 
MRI. T1-weighted images show a heterogeneous web-like 
appearance within the hematoma cavity, and diffusion-
weighted images show hard coagulation with high signal and 
liquid hematoma with low signal. Contrast-enhanced MRI 
shows fragile vessels at the transition between the inner and 
outer membranes, and these capillaries are thought to be the 
source of hemorrhage in hematomas.[8]

Morphologic changes in CSDH may suggest hematoma 
infection, especially in elderly patients, even when the results 
of blood tests and DWI findings are not typical for abscesses. 
Not only history, neurological examination, and blood tests 

Figure 1: Imaging history of the patient before middle meningeal artery (MMA) embolization: the patient had bilateral biconvex lenticular 
hematoma (a). Bilateral burr hole irrigation was performed (b). Two months after his discharge, the hematoma was recurred (c), and MRI 
showed high DWI image (d). After the craniotomy for the right hematoma (e), the right side hematoma recurred in 2 weeks (f).
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but also radiological features, especially CT imaging, have 
been reported to show biconvex lenticular hematomas.[16]

As for cerebral angiographic findings, in selective imaging of 
the MMA, an abnormal network of punctate, mottled, and 
band-like vessels along the entire dilated and branched MMA 
can be seen mainly after the middle arterial phase. These 
are capillary-like vessels that exist in the hematoma outer 
membrane and it is thought that arterial pressure from the 
MMA disrupts these vessels, causing bleeding near the outer 
membrane. The diameter of these small arteries is reported to 
be as small as 50 μm.[18]

Although craniotomy may be considered preferable for the 
radical treatment of OSDHs, acute subdural hematoma 
complications after craniotomy have been reported in 6–12% 
of patients.[2,3] Since many patients with CSDHs are the elderly, 
craniotomy under general anesthesia may be avoided. As an 
alternative treatment, endoscopic removal of the hematoma 
by enlarging the perforating head or small craniotomy has 
been reported,[4,14,15] but as previously mentioned, the source 
of bleeding is fragile capillaries at the border between the 
outer and inner membranes, so radical treatment is difficult 
with these procedures. During craniotomy, it is controversial 
whether the inner membrane should be removed or 
preserved to prevent hematoma recurrence. If the inner 
membrane is removed, brain expansion can be predicted, 
but even in cases, where the inner membrane and arachnoid 
membrane are completely detached, postoperative epileptic 
complications are reported to be 25%.[2] Alternatively, 
preservation of the inner membrane remains a possibility of 
hematoma recurrence. To reduce the rate of recurrence in the 
case of craniotomy with preservation of the inner membrane, 
it is thought that MMA embolization is effective to reduce 
blood flow of inner membrane.

MMA embolization for CSDH was first reported in 2000,[13] 
and its efficacy has been reported in several case reports and 
case series.[9,19]

Anatomically, anastomosis of the MMA and ophthalmic 
artery through the recurrent meningeal artery is commonly 
recognized as dangerous anastomosis and requires attention 
during embolization. MMA embolization has been used for 
OSDH as well. As embolization material, PVA + coil, trisacryl 
gelatin microspheres (Embosphere®, Nihonkayaku, Tokyo, 
Japan), and NBCA have been used, and all of them have 
been reported to have some success [Table  1]. In the past, 
250–350 μm PVA and 300–500 μm Embosphere® have also 
been found to be effective in preventing recurrence,[20] but 
since the diameter of capillary-like vessels in the hematoma 
membrane is reported to be 50 μm,[18] a liquid embolization 
material such as NBCA, which can easily reach the outer 
membrane of the hematoma, is also considered effective. If 

Figure  2: Middle meningeal artery (MMA) embolization was 
performed. The left external carotid artery imaging showed 
the vascular foci feeding the hematoma mainly in the parietal 
region (a:  white arrows), and embolization with 20% n-butyl-
2-cyanoacrylate (NBCA) was performed (b: black arrows). The 
right external carotid artery imaging showed no abnormal vessels 
reaching the hematoma due to the postoperative craniotomy (c), but 
the remaining MMA branch was embolized with 20% NBCA (d).
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Figure 3: The day after embolization, we performed craniotomy for the left hematoma. The findings of the left craniotomy were the same as 
those of the right craniotomy. Yellow outer membrane (a), hard hematoma (b), and complete exposure of the inner membrane after removal 
of hematoma (c).

cba



Sato, et al.: MMA embolization for infected organizing chronic subdural hematoma

Surgical Neurology International • 2022 • 13(186)  |  5

the microcatheter can be guided to the appropriate location 
with attention to dangerous anastomosis, NBCA may be 
recommended as an embolic material.

In this case, the patient was taking warfarin for atrial fibrillation, 
and there was concern about postoperative bleeding during 
craniotomy. The biconvex lenticular hematomas and the high 
diffusion-weighted imaging signal suggested the possibility of 
infectious CSDH. It was thought that craniotomy was necessary 
to reduce the number of bacteria. Although there is no clear 
consensus on the radical treatment of infectious CSDH, early 
craniotomy is recommended for bacterial debulking.[6] The 
duration of postoperative antimicrobial therapy is also unclear, 
but in this case, the patient progressed well after a total of 2 weeks 
of antimicrobial therapy. Preoperative MMA embolization may 
reduce intraoperative bleeding and the risk of postoperative 
bleeding complications. Furthermore, recurrence of CSDH can 
be prevented, and the combined use of MMA embolization 
before craniotomy is believed to be very efficient for patients 
with a high risk of bleeding, such as in this case.

CONCLUSION

As a treatment for organic chronic subdural hematoma, 
MMA embolization may avoid bleeding complications 
during and after craniotomy, as well as prevent recurrence of 
chronic subdural hematoma.

Table 1: Reports of MMA embolization for organizing chronic subdural hematoma.

Reports No. of 
cases

Underlying 
disease

Anticoagulant 
drug

Embolic 
material

Concomitant 
surgery with 
embolization

Additional 
treatment after 
embolization

Recurrence Remarks

Chihara  
et al. (2014)

1/3* Alcoholic liver 
cirrhosis

None PVA (250–
300 μm)+Coil

Drainage Craniotomy No

Yamamoto 
et al. 
(2015)

1 None None NBCA Drainage Craniotomy+long-
term drainage

No Infected 
subdural 
hematoma

Hayashi  
et al. 
(2018)

3 Case 1: 
Hypertension
Case 2: TAA**/
ACS***
Case 3: 
Hypertension

Case 1: None
Case 2: 
Aspirin/
clopidogrel
Case 3: None

Case 1: 
Collagen
Case 2: NBCA 
(25%)
Case 3: NBCA 
(17%)

Drainage Craniotomy No

Yokoya  
et al. 
(2020)

2 Case 1: 
Diabetes 
mellitus
Case 2: None

Case 1: None
Case 2: None

Embospheres®
(300–500 
μm)+Coil

Drainage Small craniotomy No

Kanazawa 
et al. 
(2021)

1 Cardiogenic 
brain embolism/
atrial fibrillation

None NBCA Drainage Craniotomy No Infected 
subdural 
hematoma

Present 
case

1 Atrial 
fibrillation

Warfarin NBCA (20%) Drainage Craniotomy No Infected 
subdural 
hematoma

*Of the three cases reported, one was an organizing chronic subdural hematoma, **thoracic aortic aneurysm, ***acute coronary syndrome. NBCA: n-butyl-
2-cyanoacrylate. Embospheres®:Trisacryl gelatin micro spheres [Nihonkayaku, Tokyo, Japan]

Figure 4: After the craniotomy for the left hematoma and drainage 
for the right hematoma (a), we followed computed tomography at 
postoperative day 7 (b), postoperative month 1 (c), and month 6 (d). 
Each side hematomas are almost disappeared.
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