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SUPERSELECTIVE MMAE FOR 
CSDH: A NEW TREATMENT 

PARADIGM?

Chronic subdural hematoma: pathophysiology and 
treatment history

Intervention strategy: early investigations

Current neurointerventional method

Early results
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Chronic Subdural hematoma
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39.9/ 100,000

60,000 annually USA by 2030
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Pathophysiology 1857
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OPERATION: ICP elevation
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BUT surgery does not address the underlying 

pathophysiology and may not be enough to cure the 

patient.

OPERATIVE RECURRENCE  0- 37% (12.8)
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Pathophysiology: inflammation, cytokine mobilization, cell 
proliferation, angiogenesis, bleeding
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CSDH
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Pathophysiology
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No Shinkei Geka legacy: Sato and Suzuki, 1975
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No Shinkei Geka legacy: Sato and Suzuki: the membrane’s thin endothelium
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Sato and Suzuki, 1975: Leaky capillaries of the CSDH membrane
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CSDH Equilibrium: Role of MMAE
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Middle meningeal artery (MMA): the source of pathological neovascularization of the CSDH membrane
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TARGET = MMA
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MMA: “talk and die” syndrome
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Radiology, Vol 286 No. 3
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Mandai et al., 2000
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Interest prompted in both adjunctive and preemptive MMAE
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Technique
GETA

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 technique matching audible systole on EKG

Observe blush development and reflux, dangerous anastomoses
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12/02/2019 Superselective subtraction demonstrates membrane blush
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Superselective subtraction demonstrates membrane blush
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membrane blush
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MMA embolized

Before After
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Retinal blush
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1. Ideal blush in MMAE: predictive ?
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2. Superselective navigation
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3. Unselected branch embolization
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Microcatheter in posterior branch



Unselected branch embolization

MMAE 2023 42
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Case example 1: 37M pre-embo NO SURGERY
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Case example 1: target
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Case example 1: superselective microangiography and PVA embolization
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Case example 1 37M NO SURGERY post-embo
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Case example 1 37M NO SURGERY

June 22                                   August 14
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Case example 2: 53F  NO SURGERY
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Case example 2: 53F  Pre-embo external carotid angiography
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Case example 2: 53F  target and superselective microangiography
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Case example 2: 53F  NO SURGERY
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Pre-embo

Post-embo



Case example 2: 53F  NO SURGERY
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Case example 2: 53F  NO SURGERY
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Case example 3: 69M  NO SURGERY
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Case example 3: microangiography blush

55

AP Lateral
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Case example 3: post-embo

Accessory MMA



Case example 3: 69M  NO SURGERY
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Case example 3: 69M  NO SURGERY
08/25/23                                                                    11/13/23    
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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?
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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: 0

Radiographic normalization: rule 60

Preliminary results for MMAE: Washington Hospital



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)
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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 
technique 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.

Superselective MMAE can obviate the need for craniotomy in well selected cases.

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

Conclusions
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MMAE 2023
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“Safe, effective procedure in your head with no complications”



THE EVOLUTION OF MEDICINE
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Prophylaxis?
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EMBOSPHERES
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