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Chronic subdural hematomas: a review

THOMAS-MARC MARKWALDER, M.D.

Department of Neurosurgery, University of Bern, Bern, Switzerland

v Present knowledge of the still controversial pathogenetic, ultrastructural, diagnostic, and treatment
aspects of chronic subdural hematomas is reviewed.
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tis hemorrhagica interna by Virchow in 1857,13¢
the pathophysiological, ultrastructural, diag-
nostic, and management aspects of chronic subdural
hematomas (SDH’s) have remained controversial.
The aim of this article is to elaborate the present state
of knowledge of chronic SDH in order to remind the

S INCE the detailed description of pachymeningi-

practicing neurosurg iples that are

of the cortex and the arachnoid,®! in fractures of the
skull with tearing of the adjacent dura as well as
lacerations of the venous sinuses,®” and in trau-
matized arachnoid cysts.”!*®* Nontraumatic origins of
subdural bloed or fibrin accumulation are convexity
arteriovenous malformations and aneurysms,?-11:30.113
other cerebrovascular lesions, hemorrhagic diathesis,
infectious diseases,’®'?*!38 brain tumors,*® especiall




F ~ Physiopathogenesis of Chronic SDH
- Origin of SDH

- Chronic SDH’s are clearly delineated fluid collec-
- tions located between the dura mater and the arach-
noid. Long-standing SDH’s are enclosed within a
hematoma capsule. The initiating factor in chronic
SDH is either subdural bleeding or parainfectious ef-
fusion. In the late clinical stages, these are indistin-
guishable physiopathologically, and, to some extent,

clinically*®*® and diagnostically.” Virchow’s hypoth-
 esis?®® that chronic SDH’s result from a generalized
inflammatory disease of the dura mater, called
‘‘pachymeningitis hemorrhagica 1nte}'na,” is no longer
accepted; he did not take into consideration the fact
‘hat the dura reacts entirely nonspecifically to blood,
brin, or fibrin degradation products with formation

/ ;
" well vascularized hematoma capsule.’ e
‘well a HUERER PR TS e wﬁhlﬂ the m
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Recurrent Chronic Subdural Hematoma After Burr-Hole Surgery and Postoperative
Drainage: A Systematic Review and Meta-Analysis

Lodewijkx, Roger MD*’*; Foppen, Merijn MD*’*; Slot, Kari-Anne Mariam MD, PhD*=*; Vandertop, William Peter MD, PhD*’*; Verbaan, Dagmar PhD"*
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Pathophysiology of chronic subdural ® e
haematoma: inflammation, angiogenesis
and implications for pharmacotherapy

Ellie Edlmann' @, Susan Giorgi-Coll', Peter C. Whitfield?, Keri L. H. Carpenter' and Peter J. Hutchinson'

Abstract

Chronic subdural haematoma (CSDH) is an encapsulated collection of blood and fluid on the surface of the brain.
Historically considered a result of head trauma, recent evidence suggests there are more complex processes involved.
Trauma may be absent or very minor and does not explain the progressive, chronic course of the condition. This
review focuses on several key processes involved in CSDH development: angiogenesis, fibrinolysis and inflammation.
The characteristic membrane surrounding the CSDH has been identified as a source of fluid exudation and
haemorrhage. Angiogenic stimuli lead to the creation of fragile blood vessels within membrane walls, whilst fibrinolytic
processes prevent clot formation resulting in continued haemorrhage. An abundance of inflammatory cells and
markers have been identified within the membranes and subdural fluid and are likely to contribute to propagating an
inflammatory response which stimulates ongoing membrane growth and fluid accumulation. Currently, the mainstay
of treatment for CSDH is surgical drainage, which has associated risks of recurrence requiring repeat surgery.
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Fig. 1

From: Pathophysiology of chronic subdural haematoma: inflammation, angiogenesis and
implications for pharmacotherapy

Computed tomography (CT) head scan and schematic representation of a CSDH
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Pathophysiology
Fig. 2

From: Pathophysiology of chronic subdural haematoma: inflammation, angiogenesis and

implications for pharmacotherapy

Traumatic head injury ' Inflammatory cells '  New membrane
splits open dural border drawn to border cell formed from activated
cell layer layer to attempt repair inflammation and pro-

collagens

£ N

Well developed Blood leakage causes Angiogenic factors

membrane-lined cavity continued inflammatory prom: ion of
continues to exudate - activation and - frag aries

fluid and blood membrane development within membrane.

The CSDH cycle. Summary of the pathophysiological processes involved in the formation
of a CSDH




From: Pathophysiology of chronic subdural haematoma: inflammation, angiogenesis and

implications for pharmacotherapy

Summary of molecules associated with CSDH formation including recruitment of

inflammatory cells (green), angiogenesis of highly permeable and leaky capillaries (red),

processes supporting membrane formation (brown) and fibrinolysis promoting further

haemorrhage (blue). Abbreviations: Ang angiopoietin, FDPs fibrin/fibrinogen
degradation products, HIF hypoxia-inducible factor, IL interleukin, JAK-STAT Janus
kinase-signal transducer and activator of transcription, MAPK mitogen-activated protein
kinase, MMP matrix metalloproteinase, NO nitric oxide, PGE prostaglandin E, PI3-Akt
phosphatidylinositol 3-kinase-serine/threonine kinase, PICP procollagen type 1, PIIINP




Ultrastructural observations of the
capsule of chronic subdural hematoma
in various clinical stages

So Sato, M.D., anp Jiro Suzuki, M.D.

Division of Neurosurgery, Institute of Brain Diseases, Tohoku University School of
Medicine, Sendai, Japan

¥ The authors used light and electron microscope to examine the capsules of chronic
subdural hematoma in 33 cases. In cases with neurological deficits, capillary en-
dothelial cells in the capsule had many cytoplasmic protrusions and fenestrations,
suggesting high permeability of the capillary wall. Endothelial degeneration was also
observed in these cases. These morphological changes were reversed by osmotherapy.
Formation of collagen fibrils from fibroblasts in the hematoma capsule was frequently
observed in the cases treated by osmotherapy.

Key Worns +  subdural hematoma <+ headinjury ¢ osmotherapy -
capillary - collagen formation - ultrastructure

pachymeningitis hemorrhagica interna changes in the hematoma capsule in various
was reported by Virchow,® many stages of treatment with osmotherapy. Our
theories of the etiology or pathogenesis of findings are compared with those in untreated
chronic subdural hematoma have been cases. Using these data we discuss the

SINCE the detailed description of are reporting our study of the morphological
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Fic. 3. Electron micrograp shoWing endothelial fenestrations (arrows), found among the thin endo-
thelial cytoplasm. L = lumen of the capillary; N = nucleus of the endothelial cell. Calibration, 1 u.
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Fic. 4. Electron micrograph of a portion of a capillary. Endothelial cells (E) are very thin and open
gaps (arrows) are found among them. There are two erythrocytes (Ec) at the outside of the capillary wall
and a part of a leucocyte (Lc) in the lumen (L). Calibration, 1 u.
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CSDH Equilibrium: Role of MMAE
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eningeal artery (MMA): the source of pathological neovascularization of the CSDH mem
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MMA: “talk and die” syndrome
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Middle Meningeal Artery
Embolization for Chronic
Subdural Hematoma

Seung Pil Ban, Gyojun Hwang =, Hyoung Soo Byoun,
Tackeun Kim, Si Un Lee, Jae Seung Bang, Jung Ho Han,
Chae-Yong Kim, O-Ki Kwon, Chang Wan Oh
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Abstract

Middle meningeal artery embolization
facilitates resolution and prevents
reaccumulation of chronic subdural
hematoma and is more effective than
conventional treatment without increasing
treatment-related complications.

Purpose

To evaluate the effect of middle meningeal
artery (MMA) embolization on chronic
subdural hematoma and compare




n VI TV T LI eSS, 110 IMdSS ermect, or underlying conditions were
-two prospectively enrolled patients with CSDH underwent MMA

( _<(embol|zat|on group; as the sole treatment in 27 [37.5%] asymptomatic patients
additional hematoma removal for symptom relief in 45 [62. 5%)] symptomatic
comparison, 469 patients who underwent conventional treatment were
istorical control group (conventional treatment group; close, nonsurgical
'[14.3%] and hematoma removal in 402 [85. 7%] patients). Primary outcome
nent failure defined as a composite of incomplete hematoma resolution (remaining
‘ulated hematoma with thickness > 10 mm) or surgical rescue (hematoma removal
symptoms that developed with continuous growth of initial or reaccumulated
ma). Secondary outcomes included surgical rescue as a component of the primary

\ e'g;-embolization without direct hematoma removal. Hematoma reaccumulation
in one (2 2%) of 45 symptomatlc patlents recenvmg embolization with addltlonal

‘,8 8%); adjusted OR, 0.094; 95% Cl: 0.018, 0.488; P = .005). Treatmentl e
te wac nat different hetween the two eroups (0 of 72 patients vs 20 of




Mandai et al.

e authors present a case of refractory chronic subdural hematoma (CSH) in a 59-year-old man with
co gulopathy due to liver cirrhosis. The patient was successfully treated by embolization of the
"menlngeal artery after several drainage procedures. This new therapeutic approach to

rent CSH is discussed.
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Case Reports No Shinkei Geka. 1998 Apr}26(4):.33§-v47.

[Superselective angiographic findings of ipsilateral

middle meningeal artery of chronic subdural
hematoma in adults]

[Article in Japanese]
T Tanaka ', S Fujimoto, K Saitoh. S Satoh, K Nagamatsu, H Midorikawa

Affiliations

 PMID: 9592815

Abstract »

- The authors reported the results of continuous superselective angiography of the ipsilateral middle
‘meningeal artery (MMA) in cases of chronic subdural hematoma (CSH) in adults. MMA angiography
~ was performed twice, at an interval of approximately two weeks, in 3 cases of conservative and 1 case
 of surgical treatment. The features of MMA angiographic findings were diffuse dilatation of MMA and

i1 s'i?i‘z';.ualiz'ation of scattered abnormal vascular networks (VN), which seemed to be macrocapillaries in

= outer membrane of the CSH. In two out of the three cases of conservative treatment, these VN
aled a dynamic change temporarily and spatially, i.e. either enlargement or reduction. In onécg_i;_g
ong clinical course a stable MMA angiogram was seen. The operated case showed dramatic
je o ) the second (postoperative) MMA angiogram. The VN around burr hole portion:
k "‘seygral newly visualized small arteries penetrated the enlarged VN, whi
i by the operation. The mean blood pressure in the MMA _w.a_.,sl,ll
nlargement of the CSH might be explained as arterial bleed
‘bv rupture of thin walled macracanillariac
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Reduced recurrence of chronic subdural.hematom.as
treated with open surgery followed by middle menmg.eal
artery embolization compared to open surgery alone:

a propensity score—matched analysis

Mira Salih, MD, Max Shutran, MD, Michael Young, DO, Rafael A. Vega, MD, PhD,

MD, Ajith Thomas, MD,
Martina Stippler, MD, Efstathios Papavassiliou, MD, Ron L. Alterman, MD,
Philipp Taussky, MD, Justin Moore, MD, PhD, MPH, and Christopher S. Ogilvy, MD

Neurosurgical Service, Beth Israel Deaconess Medical Center Brain Aneurysm Institute, Harvard Medical School, Boston,
Massachusetts

OBJECTIVE Middle meningeal artery embolization (MMAE) is an emerging end | t technique with
proven promising results forgchronic subdural hematomas (cSDHs). MMAE as an adjunct to open surgery is being al:;-
lized with the goal of preventing the recurrence of cSDH. However, the efficacy of MMAE following surgical evacuation
of cSDH has not been clearly demonstrated. The authors sought to compare the outcomes of open surgery followed by
MMAE versus open surgery alone.

METHODS Patients who underwent surgical evacuation alone (open surgery-alone group) or MMAE along with open
surgery for cSDH (adjunctive MMAE group) were identified at the authors' institution. Two balanced groups were ob-
tained through propensity score hing. Primary included risk and reintervention rate. Seqmd-
ary included d inh size and modified Rankin Scale (mRS) score at last follow-up. Variables
in the two groups were compared by use of the Mann-Whitney U-test, paired-sample t-test, and Fisher's exact test.
RESULTS A total of 345 cases of open surgery alone and 52 cases of open surgery with adjunctive MMAE were identi-
fied. After control for subjective confounders, 146 patients treated with open surgery alone and 41 with adjunctive MMAE
following open surgery with drain placement were included in the analysis. Before matching, the rebleeding risk and
reintervention rate for open surgery trended higher in the open surgery alone than the open surgery plus MMAE group
(14.4% vs 7.3%, p = 0.18; and 11.6% vs 4.9%, p = 0.17, respectively). No significant differences were seen in duration

of radiographic or clinical follow-ups or decreases in hematoma size and mRS score at last follow-up. After one-to-one
nearest neighbor propensity score hing, 26 pairs of cases were compared for outs Rates of 7%
vs 30.8%, p = 0.038) and overall reintervention (3.8% vs 23.1%, p = 0.049) after open surgery were found to be signifi-
cantly lower in the adjunctive MMAE group than the open surgery-alone group. With one-to-many propensity score
matching, 76 versus 37 cases were compared for open surgery alone versus adjunctive MMAE following open surgery.
Similarly, the adjunctive MMAE group had significantly lower rates of recurrence (5.4% vs 19.7%, p = 0.037) and overall
reintervention (2.7% vs 14.5%, p = 0.049).

ng‘fLusmNS Adjunctive MMAE following open surgery can lower the recurrence risks and reintervention rates for
cSDH.

https:/ithejns.org/doi/abs/10.3171/2022.11,UNS222024
KEYWORDS chronic subdural hgmatomf; open surgery alone; middle meningeal artery embolization following open

surgery; out gery; vascular disord
HRONIC subdural hematoma (¢SDH) is one of the ¢SDH is expected to rise.? ical i i
) )i s se.? Surgical int
most common neurosurgical conditions encoun- as craniotomy or burr hole dmil%age ame:\j’ifimllons Su'fih
tered in routine practice. As life expectancy in- ered the gol s

’ -standa ions. Mi i
creases and the population gets older, the incidence of embolization (MMd.l;dE;)p;lson:r; Nc::s\gll'zinnlgenémazmra{

ABBREVIATIONS cSDH = chroni . ® ' = mi

A ; onic SDH; GCS = Glasgow Coma Scale; MMAE = middle meningeal artery embolization; mRS = modified Rankin Scale; SDH = subdural
SUBMITTED August 31, 2022. ACCEPTED November 9, 2022,

INCLUDE WHEN CITING Published online December 23,2022, DOV 10.3171/2022.11.UNS222024.

©AANS 2022, except where prohibited by US copyright law
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Microcatheter (Excelsior SL-10)

External carotid angiography (5F Berenstein)

Subtraction technique for superselective MMA
Microangiography

PVA 45-150 micron in 50% contrast slurry

Blank subtraction for optimal visualization

Pulsed injection technigue matching audible systole on EKG
Observe blush development and reflux, dangerous anastomoses
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Case example 2: Icroangiography
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Case example 3: microangiography blush
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Expendable MMA?!

Embolysate selection? Liquid vs particulate, size etc.
Branches? Which?

Proximal vs. distal penetration?

Timing: “perioperative™? Better before or after craniotomy?
Surgery: How often can MMAE make craniotomy unnecessary?
Recanalization/ recurrence?



First MMAE: December 2, 2019

35 embolizations in 32 patients

Mean age 73, range 28 - 95 years

Adjunctive (to craniotomy) embolizations: 11
Preoperative embolizations: 1 (noticeable difference in postop drain output)
Standalone embolizations: 24

Average procedure time: 45 minutes (19)

Recurrences: 0

Complications: 1 (asymptomatic femoral artery dissection) 2.8%
Deaths: O

Radiographic normalization: rule



Expendable MMA: yes

Embolysate selection: PVA 45-150 micron particles = blush (tumor, epistaxis)
Branches: question is negated by distal penetration of PVA

Proximal vs. distal: the embolization, not the microcatheter position

Timing: “perioperative”

Surgery: MMAE becomes the unexpected nonoperative solution in the majority of
cases

Recanalization/ recurrence: none (longer followup required)



Chronic SDH is a complex inflammatory condition resulting from an intracranial bleeding
event that evolves into a self-perpetuating cycle of inflammation, fibrinolysis, angiogenesis
and further bleeding from a neovascularized outer membrane. Incidence is increasing with
60,000 annual cases in USA by 2030.

Historical management of CSDH has been primarily surgical and inadequate, with a high
rate of recurrence (37%), complications and high mortality (20%) in a frail population.

The membrane derives its blood supply primarily or entirely from the ipsilateral MMA.
The MMA is expendable.

MMAE is an effective treatment for chronic SDH, with an acceptable margin of safety. It
appears to work by breaking the cycle of inflammation and angiogenesis.

Questions remain for optimization of MMAE but branch selection, embolic material and
perioperative timing appear inconsequential according to most current studies. The
technigue of demonstrating the vascular blush (distal embolysate penetration) may be
associated with more effective embolization and negates the impact of branch selection and
distal microcatheter penetration.

Surgery remains a valuable treatment and should not be delayed in a symptomatic patient.



“Safe, effective procedure in your head with no complications”
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CLINICAL ARTICLE
J Neurosurg 138:1494-1502, 2023

Middle meningeal artery embolization for treatment of
chronic subdural hematomas: does selection of embolized
branches affect outcomes?

MirHojjat Khorasanizadeh, MD,' Max Shutran, MD,' Alfonso Garcia, MPH,'
Alejandro Enriquez-Marulanda, MD,' Justin Moore, MD, PhD,' Christopher S. Ogilvy, MD,
and Ajith J. Thomas, MD?

'Neurosurgical Service, Beth Israel Deaconess Medical Center, Harvard Medical School, Boston, Massachusetts; and
Department of Neurological Surgery, Cooper University Health Care, Cooper Medical School of Rowan University, Camden,

New Jersey

OBJECTIVE Middle meningeal artery (MMA) embolization (MMAE) is a new therapeutic modality for chronic subdural
hematoma (cSDH). There is limited evidence comparing various MMAE procedural techniques, resulting in significant
variations in technique and procedural planning. The objective of this study was to compare outcomes of MMAE by the
number and location of MMA branches that were embolized.

METHODS A single-center retrospective study of patients with cSDH treated by MMAE was conducted. Clinical out-
comes, need for re-intervention, and changes in hematoma size were compared between different MMAE techniques.

RESULTS Ninety-four cSDHs in 78 patients were included. Embolization of the proximal trunk only, distal branches
only, or proximal trunk plus distal branches resulted in similar rates of need for rescue surgery (7.4%, 13.0%, and 6.8%,
respectively; p = 0.66) and rates of reducing the volume of the hematoma by at least 50% (74.1%, 80.0%, and 77.5%,
respectively; p = 0.88). Embolization of only one branch had similar outcomes to embolization of more than one branch,
as rescue surgery rates were 9.3% and 7.8% (p = 0.80), and rates = 50% volume reduction were 75.‘6%. and 78.3% (p

= 0.76), respectively. Selective embolization of the dominant MMA branch was not associated with significantly different

outcomes.

CONCLUSIONS Outcomes of distal, proximal, or combined proximal and distal MMAE in ¢SDH are not signiﬁcantly
different. Embolization of more than one branch is not associated with improved treatment efficacy. A_rguably. targetmg
any location in the MMA provides sufficient flow restriction to enable spontaneous hematoma resolution. Accordingly, a

technical planning algorithm for cSDH MMAE is suggested.
https://thejns.org/doi/abs/10.3171/2022.9.INS221663

KEYWORDS chronic subdural hematoma; middle meningeal artery embolization; technical analysis; ophthalmic
anastomoses; endovascular neurosurgery; vascular disorders
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Onyx Versus Particles for Middle Meningeal Artery

RS

Mohamed Shehabeldin, BACKGROUND: Middle meningeal artery (MMA) embolization has recently emerged asa
MD © * treatment option for chronic subdural hematoma (cSDH). It is considered a simple anc
Abdelaziz Amllay, MD* potentially safe endovascular procedure. s “iw S r, :
Roland Jabre, MD* OBJECTIVE: To compare between 2 different embolic agents; ony,x;j(g hylene

; : - cohol) and emboparticles (polyvinyl alcohol particles—PVA) for endovascular
Ching-Jen Chen, MD of cSDH. s oy
Victoria Schunemann, MD** METHODS: A retrospective analysis of all patients who uhdérv@én,t{‘MMﬁgff bo nfor
Nabeel A. Herial, MD* cSDH treatment in 2 comprehensive centers between August 2018 and December 2021.
M. Reid Gooch, MD* Primary outcomes were failure of embolization and need for rescue surgical evacuatior
Larami Mackenzie, MD! RESULTS: Among 97 MMA embolizations, 49 (50.5%) received on'y:f;-f'and 48 (49.5%)
Hana Choe, MD'! received PVA. The presence of acute or subacute on cSDH was higher in the PVA group

11/49 (22.5%) vs 30/48 (62.5%), respectively, P < .001. There were no significant differ-

Stavropoula Tjoumakaris, ences between both groups regarding failure of embolization 6/49 (122%) vs 12/48

MD* © (25.0%), respectively, P = .112, and need of unplanned rescue surgical evacuation 5/49
Robert H. Rosenwasser, MD* (10.2%) vs 8/48 (16.7%), respectively, P = .354. Hematoma thickness at late follow-up wasq.-
Pascal Jabbour, MD ©* significantly smaller in the PVA group 7.8 mm vs 4.6 mm, respectively; P = .017. !
Osman Kozak, MD' CONCLUSION: Both onyx and PVA as embolic agents for cSDH can be used safely and

have comparable clinical and surgical outcomes.
*Department of Neurosurgery, Thomas — wey wopps: Chronic subdural hematoma, Emboparticles, Middle meningeal artery embolization, Onyx
Jefferson University Hospitals, Phila-
delphia, Pennsylvania, USA; ‘Department X S
of Neurosurgery, University of Texas Neurosurgery 00:1-7, 2022 httpsv/doi.org/1 neu.0000000000002307
Health Science Center, Houston, Texas,
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g all major papers addressing
this topic. Although considered a relatively new treatment option, MMAE for CSDHs is gaining widespread popularity.

There are many questions that need to be addressed regarding its indications, some of which are the subject of ongoing

clinical trials. The efficacy of this treatment modality in carefully selected patients has also provided new ir‘\sights into the
potential pathophysiology of cSDHs. This concise review will focus on the current evidence supporting fhe use of
embolization in the treatment of this disease and highlight unanswered relevant clinical questions regarding MMAE

indications and technique.
KEY WORDS: Middle meningeal artery embolization, Subdural hematoma
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hronic subdural hematoma (cSDH) is a common neuro- inﬂawdm‘.., gen
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Abstract

Introduction

Chronic subdural hematoma (cSDH) results from neovascularization of the subdural capsular membrane and
embolization of the Middle Meningeal Artery (MMA) helps inhibit the same and prevent recurrence.

Materials and methods

We retrospectively reviewed the endovascular management for chronic SDH in 29 patients between 2018 to
2022. The parameters analyzed were clinical history, radiologic imaging findings, procedure details, and
angiographic and clinical outcomes.

Results

Twenty-nine MMA embolization procedures were done. Follow-up MRI or CT done in 28 subjects, showed
complete resolution in 25 patients and a significant reduction in bilateral SDH in three patients. One patient
died due to renal failure and aspiration pneumonia-related complications. Ninety days mRS (modified
Rankin scale) was 0 in 25 patients (86%), one in two patients, and two in one patient.

Conclusions

MMA embolization for chronic SDH is a feasible, safe, and effective technique in patients with chronic and
recurrent SDH.
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BACKGROUND: Middle meningeal artery (MMA) embolization has recently emerged as a
treatment option for chronic subdural hematoma (cSDH). It is considered a simple and
potentially safe endovascular procedure.

OBJECTIVE: To compare between 2 different embolic agents; onyx (ethylene vinyl al-
cohol) and emboparticles (polyvinyl alcohol particles—PVA) for endovascular treatment
of cSDH.

METHODS: A retrospective analysis of all patients who underwent MMA embolization for
cSDH treatment in 2 comprehensive centers between August 2018 and December 2021.
Primary outcomes were failure of embolization and need for rescue surgical evacuation.
RESULTS: Among 97 MMA embolizations, 49 (50.5%) received onyx and 48 (49.5%)
received PVA. The presence of acute or subacute on cSDH was higher in the PVA group
11/49 (22.5%) vs 30/48 (62.5%), respectively, P < .001. There were no significant differ-
ences between both groups regarding failure of embolization 6/49 (12.2%) vs 12/48
(25.0%), respectively, P = .112, and need of unplanned rescue surgical evacuation 5/49
(10.2%) vs 8/48 (16.7%), respectively, P = .354. Hematoma thickness at late follow-up was
significantly smaller in the PVA group 7.8 mm vs 4.6 mm, respectively; P = .017.
CONCLUSION: Both onyx and PVA as embolic agents for ¢SDH can be used safely and
have comparable clinical and surgical outcomes.

KEY WORDS: Chronic subdural hematoma, Emboparticles, Middle meningeal artery embolization, Onyx
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Middle meningeal artery embolization for treatment of
chronic subdural hematomas: does selection of embolized
branches affect outcomes?
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OBJECTIVE Middle meningeal artery (MMA) embolization (MMAE) is a new therapeutic modality for chronic subdural
hematoma (cSDH). There is limited evidence comparing various MMAE procedural techniques, resulting in significant
variations in technique and procedural planning. The objective of this study was to compare outcomes of MMAE by the
number and location of MMA branches that were embolized.

METHODS A smgle center retrospectwe study of patients W|th cSDH treated by MMAE was conducted Clinical out-
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Middle meningeal artery embolization (MMAE) for chronic subdural hematomas (cSDHs) has evolved as a potential
treatment alternative for these lesions. The indications for using this treatment modality and the pathophysiology of
CSDHs are an area of considerable interest. A retrospective review was performed including all major papers addressing
this topic. Although considered a relatively new treatment option, MMAE for cSDHs is gaining widespread popularity.
There are many guestions that need to be addressed regarding its indications, some of which are the subject of ongoing
clinical trials. The efficacy of this treatment modality in carefully selected patients has also provided new insights into the
potential pathophysiology of cSDHs. This concise review will focus on the current evidence supporting the use of
embolization in the treatment of this disease and highlight unanswered relevant clinical questions regarding MMAE
indications and technique.

KEY WORDS: Middle meningeal artery embolization, Subdural hematoma
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| stay (day) The certainty of the evidence was determmed using the GRADE approach.
 yielding 1523 patients were enrolled, of which 337 (22.2%) and 1186 (77.8%) patients received MMA
i anagement, respectively. MMA embolization was superior to conventional management for
' RR] = 0.34 [0. 14—0.82]. P = .02), surgical rescue (RR = 0.33 [0.14-0.77], P = .01), and complete :
' [1.10-368], P = .02). There was no difference between the 2 groups for complications
up modified Ranldn scale >2 (RR= 0.78 [0.449-1.25], P=31), mortality (RR= 1.05 [0.51-2.14],
difference = —0.57 [—2.55, 1.41], P= 57). For MMA embolization, the number needqd;i
,mgsq:e,and complete hematoma resolution was 7, 9, and 3, respectively. The
mes and low to moderate for secondary ouwomes'.
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