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Abstract

Background Chronic subdural hematoma (cSDH) is a common neurosurgical pathology causing significant morbidity and
mortality, yet optimal management and intervention remains controversial.

Methods We describe embolization of the middle meningeal artery (MMA) and placement of subdural evacuating port
systems (SEPS) by a dual trained open and endovascular neurosurgeon. Both procedures are done in sequence in the inter-
ventional radiology suite, and real time radiographic results are demonstrable with Xper-CT.

Conclusions MMA Embolization followed by evacuation of cSDH with a SEPS is a valuable strategy to mitigate perioperative risk
factors and patient comorbidities, through a minimally invasive evacuation with subsequent embolization minimizing recurrence.

Keywords Middle meningeal artery embolization - Subdural evacuating port system - Chronic subdural hematoma -
Minimally invasive neurosurgery - Neurointerventional radiology - Hematoma recurrence prevention

Relevant surgical anatomy

The middle meningeal artery (MMA) emerges as a branch of the
maxillary artery and supplies blood to the meninges [10]. The
MMA enters the skull through the foramen spinosum and runs
between the inner table of the bone and the outer layer of the dura.
This anatomical positioning explains its involvement in the for-
mation of epidural hematomas and the grooves seen on the inner
table of the skull that accommodate its path. Distally, its branches
are embedded between the two layers of the dura [6]. Of notable
anatomical importance is that the MMA sits deep in the pterion
region, which is a common access site for interventions involving
the MMA, such as an MMA embolization procedure [10].
MMA embolization is done in a neuro-interventional
radiology suite. Pertinent anatomy for this procedure
includes diagnostic catheter access via the radial or femoral
artery [4]. Once vascular access is obtained, a catheter is
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advanced into the common carotid artery, followed by the
external carotid artery, leading to the branch of the max-
illary artery, and ultimately reaching its destination in the
proximal MMA [4]. ECA-ICA anastamoses are evaluated
and branches avoiding the skull base and orbit are avoided.
After the MMA embolization, unilateral or bilateral SEPS
drains are placed depending on the laterality of the pathol-
ogy. The SEPS drain utilizes trephination and fastening of
a titanium port between inner and outer cortices of the cal-
varium, perforation of the underlying dura, and subsequent
attachment of drainage tubing and suction bulb. Pertinent
anatomy for this procedure can include localization of the
parietal boss, which is a bony prominence found on the pos-
teromedial portion of the skull. The burr hole can also be
created at the location of the hematoma’s maximal thickness.
Performance of the burr hole after embolization utilizes the
hemostatic effect of the embolization and can allow for opti-
mal burr hole placement due to use of IR guided fiducials.

Description of the technique
MMA embolization

The accompanying photos and video illustrate the combined
MMA embolization and SEPS procedural technique.
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The MMA contributes to the blood supply of the fibrocel-
lular neo-membranes which develop throughout the cSDH
[7]. Therefore, embolization of the MMA has been shown
to augment spontaneous hematoma resorption, and reduce
the risk of recurrence [1].

After diagnosis of an amenable cSDH and preoperative
optimization where patients are typically not prescribed
steroids, the patient is then taken to the interventional radi-
ology (IR) suite for MMA embolization and SEPS place-
ment during a single anesthetic period [2]. Embolization
of the MMA is performed prior to SEPS deployment and
can be done under local or general anesthesia [2]. This is
done to create a safer environment for the subdural drainage
as potential vascular supply has been embolized. Standard
femoral or radial artery is used for vascular access [2]. Once
a catheter is advanced to the bifurcation of the frontal and
parietal branches of the MMA, polyvinyl alcohol particles
(45-150 pm) are used to occlude the vascular distribu-
tions or embolic material of operator’s choice (Fig. 1) [2].
Although this period of time is precious for drainage of the
hematoma, the embolization portion of the procedure had a
mean operation time of 1.27 h (x0.71).

Although rare, complications from the MMA emboliza-
tion procedure can occur, including access site issues such
as groin or wrist hematomas and vessel injury (e.g., dis-
section), as well as more serious complications including
stroke, cranial nerve dysfunction or visual deficits secondary

to non-target embolization such as via meningo-ophthalmic
collaterals [8].

SEPS placement

With the patient still under local/conscious sedation or
general anesthesia in the IR suite, radiopaque fiducial
markers (EKG leads) are placed on the scalp (Fig. 2) [2].
An Xper cone-beam CT (Philips Healthcare, Netherlands)
of the head is then performed on the IR table, to utilize the
fiducials in localization of SEPS placement, generally at
area of maximum hematoma thickness [2]. A 1 cm incision
is made in the scalp down to the outer table of the calva-
rium. A handheld twist drill is then used for trephination
at the selected location [2]. This is followed by perfora-
tion of the dura with a sharp instrument, attachment of the
SEPS port to the skull, and connection of the tubing and
suction drain reservoir in an airtight fashion (Fig. 3) [2].
A final CT head is performed to confirm the absence of
acute hemorrhage and evaluate the level of decompression
(Fig. 4) [2].

After the MMA-SEPs procedure, patients are kept flat for
about 4 h in cases where transfemoral access is utilized. If
radial access is utilized, patients are not required to remain
bedridden. At this point, post-operative medications such
as steroids are not typically prescribed as decompression is
happening through the drainage of the hematoma. Usually

Fig.1 Middle Meningeal Artery (MMA) Embolization via trans-
radial approach. A. Injection of local anesthetic (1% lidocaine)
near the radial artery at the wrist. B. Ultrasound-guided access of
the radial artery. C. Radial artery with 5-French sheath placed over
a microwire. C. A 5-French Sim 2 and 035 Glidewire was used to
obtain access to the common carotid artery. D. Lateral working pro-
jections of the left ECA. Microcatheter and microwire were then
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selectively coaxially navigated at the bifurcation between the ante-
rior and posterior segments of the MMA. E. 45-150 um PVA parti-
cles were prepared with contrast in a syringe which was connected to
the catheter and a 1-cc syringe via 3-way connector. F. PVA particles
injected under direct fluoroscopic guidance until stasis was achieved
in the target vessels. G. Lateral projection post-embolization of left
ECA. H. Patent hemostasis and closure obtained with a TR band.
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Fig.2 Pre- and post-placement of SEPS in the IR suite [2]. (A) Pre-
operative axial CT scan demonstrating a chronic subdural hematoma.
(B) Placement of radiopaque fiducial markers on the scalp, with an
inset showing the corresponding CT localization. (C) Intraoperative
setup for SEPS placement in the IR suite under fluoroscopic guid-

within 48-h post-operatively, proper drainage of the hema-
toma has occurred and the SEPs system is then removed.

Indications

MMA embolization and SEPS placement protocol is recom-
mended for cases of cSDH is symptomatic and being consid-
ered for evacuation. Typical indications include: neurologic
compromise, subdural hematoma with associated midline
shift, a hematoma greater than 10 mm in size [2, 5, 9]. When
a patient’s cSDH is not causing significant mass effect or the
patient is on antiplatelet/anticoagulant therapy that cannot
be held/reversed, patients still undergo the embolization, but
not the SEPS placement [3].

Limitations

Placement of a SEPS confers the standard operative risk of
surgical site infection, as well as creation of acute subdural
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ance. (D) SEPS drain secured in place after burr hole trephination.
(E) Close-up view of the SEPS reservoir system. (F) Postoperative
axial CT scan demonstrating SEPS placement and reduction in hema-
toma size, with an inset highlighting the location of the drain

or intraparenchymal hemorrhage. There is variable presence
of fibrous membranes throughout the cSDH which may limit
the ability to effectively drain all components of the hema-
toma. These fibrous capsules can demonstrate high levels of
neovascularization and can bleed acutely when perforated
during the drainage of the existing chronic hematoma. [7].
The immediate CT scan after a SEPS procedure demon-
strates reduction of the cSDH but rarely shows complete
evacuation. The combination of the SEPS with the MMA
embolization allows for synergistic reduction of hematoma
volume size, increased reabsorption of residual hematoma
with protection against recurrence in a single operative/
anesthetic setting.

How to avoid complications

Performing a safe MMA embolization is paramount to a
safe overall procedure. The embolization should only be
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Fig.3 Illustration of SEPS
anatomy [2]. (A) The handheld
twist drill used for trephination,
with an inset showing the SEPS
placement guide. (B) Insertion
of the SEPS catheter through
the burr hole, with the black
arrow indicating the port and
the arrowhead highlighting the
attached drainage tubing. (C)
Securing the SEPS in place,
with white arrows indicating the
port and tubing. (D) Postopera-
tive lateral skull X-ray demon-
strating the SEPS placement,
with the white arrow pointing to
the external port and tubing

entertained after careful evaluation of the MMA branches
and appropriate selective catheterization of the MMA is
done to ensure that inadvertent embolization of ICA col-
laterals is not done.

The nuance of this particle procedure is performing the
SEPS after embolization to create a safer environment for
hematoma evacuation. The SEPS on its own has been shown
to have a high recurrence rate related to suboptimal place-
ment of the drain. Doing the procedure in the IR suite allows
for fiducial placement and allows the operator to identify the
optimal bur hole placement.

We have found that an immediate reduction of the hema-
toma is generally obtained with minimal pneumocephalus.
Because of contrast staining within the dura and the subdural
membranes correlates with a successful MMA emboliza-
tion, the subsequent CT can be misinterpreted as an acute
component.
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Specific information for the patient

It is vital to explain to patients our institution’s extensive
experience with the MMA/SEPS procedure. Our most
recent study, published in 2022, underscores the safety
and efficacy associated with this minimally invasive pro-
cedure. In the 250 patients who received the MMA/SEPS
procedure versus the conventional approach of a crani-
otomy, the MMA/SEPS group had substantially shorter
hospital stays (p <0.05) with a significant majority of
them going home after the procedure [2]. In that same
study, the MMA/SEPS procedure did not increase mortal-
ity rates, readmissions, or postoperative complications [2].
MMA embolization with SEPS offers a safe and effective
minimally invasive alternative to traditional craniotomy
for cSDH and may be more appropriate for patients with
significant comorbidities.
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Fig.4 Panel (A) shows the CT head of an 83-year-old male who
presented to his PCP complaining of mild headaches. The patient
was referred to MWHC for head CT, which revealed a right chronic
subdural hematoma (cSDH) 2 cm in thickness with a 1 cm midline
shift. The patient underwent simultaneous SEPS drain placement and

It is the combination of both an endovascular procedure
with a bedside procedure that allows for hematoma decom-
pression with subsequent reabsorption and recurrence pro-
tection. Performing both in a single anesthetic session allows
minimizing exposure to repeat procedures in a potentially
frail patient with multiple comorbidities while reducing the
risk of recurrence.

10 Key points

1. MMA-SEPS Combined Approach: Describes the
combined MMA embolization and SEPS placement
for cSDHs.

2. Single Anesthetic Session: MMA embolization is per-
formed first, followed by SEPS placement, during the
same session.

3. IR Suite Guidance: Procedures are minimally invasive
and performed in the IR suite using cone-beam CT for
real-time imaging.

4. Indications for cSDH: Recommended for cSDHs
with significant mass effect, midline shift, or hemato-
mas > 10 mm.

5. MMA Anatomy: Highlights the importance of the
MMA'’s path and fiducial-guided SEPS placement.

6. PVA Embolization: Embolization is achieved using
PVA particles through radial or femoral artery access.

7. Twist-Drill SEPS Placement: SEPS involves burr hole
creation, dural perforation, and airtight drainage con-
firmed by CT.

MMA embolization on the day after admission. Panel (B) shows a
follow-up head CT 9 days after presentation, demonstrating a reduc-
tion in hematoma size and decreased midline shift. Panel (C) shows a
follow-up CT head at a 5-month interval, indicating complete resolu-
tion of the cSDH and associated mass effect. [2]

8. MMA-SEPS Benefits: Demonstrates reduced recur-
rence, faster recovery, and shorter hospital stays com-
pared to craniotomy.

9. Complication Avoidance: Ensures precise MMA
embolization and optimal SEPS placement to minimize
risks.

10. Minimally Invasive cSDH Management: Combines
MMA embolization and SEPS for effective decompres-
sion and recurrence prevention.

Authors contributions R.G. wrote the main manuscript text, prepared
figures 1-3, edited the video, prepared the citations. G.F.K. conceived
and designed the study, narrated the video, and edited the manuscript.
C.G. performed the procedures. E.D. provided the figures and captions.
D.R.F. conceived and designed the study. All authors reviewed and
approved the final manuscript.

Funding This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Data availability No datasets were generated or analysed during the
current study.

Declarations

Ethical approval Consent to participate and consent to publish were
obtained from all individual participants included in the study.

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License,

@ Springer



67 Page 6 of 6

Acta Neurochirurgica (2025) 167:67

which permits any non-commercial use, sharing, distribution and repro-
duction in any medium or format, as long as you give appropriate credit
to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if you modified the licensed material.
You do not have permission under this licence to share adapted material
derived from this article or parts of it. The images or other third party
material in this article are included in the article’s Creative Commons
licence, unless indicated otherwise in a credit line to the material. If
material is not included in the article’s Creative Commons licence and
your intended use is not permitted by statutory regulation or exceeds
the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this licence, visit http://creativeco
mmons.org/licenses/by-nc-nd/4.0/.

References

1. Ban SP, Hwang G, Byoun HS, Kim T, Lee SU, Bang JS, Han
JH, Kim C-Y, Kwon O-K, Oh CW (2018) Middle meningeal
artery embolization for chronic subdural hematoma. Radiol
286(3):992-999

2. Carpenter A, Rock M, Dowlati E, Miller C, Mai JC, Liu A-H,
Armonda RA, Felbaum DR (2022) Middle meningeal artery
embolization with subdural evacuating port system for primary
management of chronic subdural hematomas. Neurosurg Rev
45(1):439-449

3. Davies JM, Knopman J, Mokin M, Hassan AE, Harbaugh
RE, Khalessi A et al (2024) Adjunctive Middle Meningeal
Artery Embolization for Subdural Hematoma. N Engl J Med
391(20):1890-1900

@ Springer

4. Désir LL, D’Amico R, Link T, Silva D, Ellis JA, Doron O, Langer
DJ, Ortiz R, Serulle Y (2021) Middle meningeal artery emboliza-
tion and the treatment of a chronic subdural hematoma. Cureus
13(10):¢18868

5. Dowlati E, Chesney K, Carpenter AB, Rock M, Patel N, Mai JC,
Liu A-H, Armonda RA, Felbaum DR (2023) Awake transradial
middle meningeal artery embolization and twist drill craniostomy
for chronic subdural hematomas in the elderly: case series and
technical note. J Neurosurg Sci 67(4):471-479

6. JiT,HouK, LiC, YulJ (2021) Imaging features of internal max-
illary artery and extracranial middle meningeal artery and their
relationships on head CTA. Neuroradiol J 34(6):629-641

7. Link TW, Rapoport BI, Paine SM, Kamel H, Knopman J (2018)
Middle meningeal artery embolization for chronic subdural hema-
toma: Endovascular technique and radiographic findings. Interv
Neuroradiol 24(4):455-462

8. Louw L (2015) Different ophthalmic artery origins: Embryology
and clinical significance. Clin Anat 28(5):576-583

9. Scerrati A, Visani J, Ricciardi L, Dones F, Rustemi O, Cavallo
MA, De Bonis P (2020) To drill or not to drill, that is the ques-
tion: nonsurgical treatment of chronic subdural hematoma in the
elderly. A Syst Rev Neurosurg Focus 49(4):E7

10. Yul, GuoY, Xu B, Xu K (2016) Clinical importance of the mid-
dle meningeal artery: A review of the literature. Int J] Med Sci
13(10):790-799

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

	Middle meningeal artery embolization and subdural evacuating port system placement for chronic subdural hematomas: how I do it
	Abstract
	Background 
	Methods 
	Conclusions 

	Relevant surgical anatomy
	Description of the technique
	MMA embolization
	SEPS placement
	Indications
	Limitations
	How to avoid complications
	Specific information for the patient

	10 Key points
	References


