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Purpose or Learning Objective:
With aging population and increasing antiplatelet and anticoagulant regiment, chronic subdural hematoma (cSDH) is an
increasingly common pathology that may even become the most common neurosurgical condition by 2030 according to
some projections[1]. cSDH is classically explained by traction rupture of bridging veins, but we previously hypothesized
that the pivotal structure of cSDH could be the dural vascular plexus (DVP) instead[2]. Consisting of a rich capillary
network located within the dural border cell layer, the DVP is fed by branches of the middle meningeal artery (MMA) and
drains directely into the dural venous sinus apart from bridging vein. This theory might better account for dural arterio-
venous fistula (dAVF)-associated SDH (also described in Cognard type 1/2 dAVF where there is no bridging/cortical vein
involvement) and efficiency of MMA embolization (MMAE) while not contradicting the traction rupture (but concerning the
DVP and not the bridging veins) physiopathology of post-traumatic SDH.

Spontaneous course of cSDHs is difficult to foresee and there is no definite guideline for their optimal management.
Surgical management (burr hole craniostomy or craniotomy) might be required for large and symptomatic collections
whereas conservative management is preferred for smaller pauci- or a-symptomatic collections but recurrent/progressing
hemorrhages are frequent in both situations[3]. Unfavorable course are mainly reported ranging from 5 to 30%[3-5].
Accurate estimations are polluted by variable outcomes measures in the literature[3] and the lack of clear and consistent
definition of recurrence in recent large trials[6].

MMAE in the management of chronic subdural hematoma has been an exciting trending topic in our field for the last few
years. Since the first report in 2000[7], several recent trials explored the efficiency and safety of this procedure in large
cohorts. One the one hand, EMBOLISE[8], MAGIC-MT[9] and STEM[10] trials reported favourable endpoints in the
MMAE with liquid embolic agents groups as compared to standard management. On the other hand, EMPROTECT[11]
used microparticles as embolization agent but did not lead to a significant gain compared to standard medical care alone.



Despite growing data and experience frome neuro-interventionists worlwide, some crucial questions remain to answer.
First, the exact place of MMAE remains to be unraveled but growing evidence points at the efficiency and safety of this
procedure aiming to modify pressure regiment within the dural vascular plexus and thus favoring subdural collection
resorption. Second, the most efficient technique is still uncertain with recent data favouring liquid embolic agents over
microparticles.

So far, we limited MMAE to patients at high risk of pejorative evolution or recurrence, in addition to surgery if significantly
symptomatic, or to recurring subdural collection.

Methods or Background:
From November 2021 to December 2025, we performed 81 MMAE in 70 patients in one tertiary center. Considering loss
for follow-up and unrelated death, we included 75 MMAE in 65 patients (sex ratio 2,1 - median age 73 years). These
patients were deemed at high risk due to single (29,2%) or double antiplatelet therapy (23,1%), anticoagulant therapy
(23,1%), constitutional or acquired coagulopathy (4,6%). Symptomatic recurrent SDH (13,8%) were also considered for
embolization even in absence of previously detailed features. Moreover, 18,5% of patients had more than one risk factor.

Table 1: Registry descriptive statistics.

Procedures were preferentially performed under general anesthesia (75,5%) and femoral approach (98,5%). MMA coiling
was performed in 72% of cases of microparticles embolization (96% of predures as liquid embolic agents were used in
4%). MMAE was performed in association with surgical management in 50% of cases with a median of two days prior to
endovascular procedure.

Table 2: Intervention and peri-procedural care descriptive statistics.

Results or Findings:
MMAE, alone or in association with surgical management when required, allowed early and safe reintroduction of
necessary antiplatelet and/or anticoagulant therapy. Antiplatelet/anticoagulant therapy wasn’t discontinued in 23,3% of
cases. If discontinued, it was re-introduced between day -3 and day 46 (median and mode at day 2). Note that any
treatment was definitively withheld in 8,3% of cases.



Fig 1: Evolution of cSDH size (CT scanner acquisitions, all measures in coronal reconstructions) after MMAE (t0). Post
embolization time expressed in days.

Resorption of cSDH following MMAE occured in most cases. A complete resorption of the cSDH was acquired in 57,3%
as only one patient progressed from day one. Significative resorption (>50% decrease of the collection size in the coronal
plane on CT scan) was reached in 6,7% of patient ad day 30, 44% at day 90, 64% at day 180 and 84% over 180 days.
When transient progression occured it was mainly observed early (9,6% of patients at day 30). There was otherwise no
recurrence.

Table 3: cSDH resorptions rates.

Fig 2: Timing of cSDH resorption for different thresholds (>1%, >50% and complete resorption). Increase and statu quo/transient
increased ase reported with corresponding time point. Final resorption rates are reported at >180 days. Dotted line express linear
tendency. Post embolization time expressed in days.

Different risk factors led to different timely resorption rates, with coagulopathy alone and recurrence alone leading to 50%
and 70% of >50% resorption over 180 days, respectively. Nonetheless, resorption rates in the patients with coagulopathy
alone or associated to other risk factor(s) were not significantly different compared to other groups at all time points.



Fig 3: Timing of cSDH resorption for the different sub-groups of risk factors. Final resorption rates are reported at >180 days.
Dotted line express linear tendency. Post embolization time expressed in days.

Fig 4: Timing of cSDH resorption comparing coagulopathy alone or associated with other risk factor(s) and other risk
factors. Final resorption rates are reported at >180 days. Dotted line express linear tendency. Post embolization time
expressed in days. Note no statistical difference at all time points (p= .794- 957).

There was no difference in resorption rate between MMAE alone or associated with surgery.

Fig 5: Extent of resorption at 30, 90, 180 and >180 days in MMAE alone and MMAE associated with surgery. Note that dots are
slighty shifted to improve readability.

MMAE, even in this high-risk population, has a low yield of complications. We observed 2 angiographic complications
(transient duro-dural fistula) and 3 transient clinical complications:

two patients (3,1%) suffered from ipsilateral headaches that were efficiently controlled by WHO step 1/2 analgesics ;
one patient (1,5%) presented late-onset (48h after the procedure) CN VI palsy. Clinical evolution was favorable under
tapered corticosteroids regiment.

Unfavourable outcomes occured in 5 patients (6,7%). Only 2 cSDH (2,7%) required subsequent surgery and 3 patients
(4%) experienced unfavourable clinical course leading to death. 



Coagulopathy alone or associated to other risk factor(s) was associated with unfavourable outcomes (p= .0015).

Table 4: MMAE complications and unfavourable outcomes.

Conclusion:
Besides intrinsic limitations due to prospective registry design, MMAE using microparticles seems to be a safe and
effective procedure in high-risk patients, alone or associated with surgery if deemed necessary after pluridisciplinary
concertation. No definitive, clinically relevant complication of the procedure was noted. Subsequent surgery was required
in only 2,7% of cases. Unfavourable outcomes might be lower than what is classicaly reported in the litterature for classic
management of cSDH. Coagulopathy alone or associated with other risk factors might be associated with poorer
outcomes but not significantly poorer resorption rates. These patients might be less suitable for MMAE compared to
other risk groups and physicians might have to take this into account when making clinical decisions.
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