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IMPORTANCE Middle meningeal artery (MMA) embolization has been proposed as a potential
treatment for chronic subdural hematoma (CSDH).

OBJECTIVE To assess the efficacy of MMA embolization in reducing the risk of CSDH
recurrence at 6 months compared with standard care in patients who underwent an
operation and were at high risk of CSDH recurrence.

DESIGN, SETTING, AND PARTICIPANTS Multicenter, open-label, randomized clinical trial with
blinded end point assessment. Patients who underwent an operation for CSDH recurrence or
a first CSDH episode at high risk of recurrence were recruited from July 2020 to March 2023
in 12 French neurosurgical or comprehensive neurosurgical and interventional neuroradiology
centers. Last follow-up took place on November 2, 2023.

INTERVENTION Participants were randomized 1:1 to undergo MMA embolization with
microparticles within 7 days of surgery (171 patients, intervention group) or standard medical
care alone (171 patients, control group).

MAIN OUTCOMES AND MEASURES The primary end point was the rate of CSDH recurrence at 6
months assessed by an independent, blinded adjudication committee. There were 5
secondary end points, including rates of repeat surgery for homolateral CSDH recurrence
during the 6-month follow-up period and embolization procedure–related complications.

RESULTS Among 342 randomized patients (median [IQR] age, 77 [68-83] years; 274 [80.1%]
male), 308 (90.1%) completed the trial. The primary end point was observed in 24 of 162
(14.8%) and 33 of 157 (21.0%) patients in the intervention and control groups, respectively
(after imputation: odds ratio, 0.64 [95% CI, 0.36-1.14]; adjusted absolute difference, −6%
[95% CI, −14% to 2%]; P = .13). The groups did not significantly differ in any of the secondary
end points. Repeat surgery was performed in 7 of 162 (4.3%) and 13 of 157 (8.3%) patients in
the intervention and control groups (P = .14), respectively. Minor and major embolization
procedure–related complications occurred in 3 of 171 (1.8%) and 1 of 171 (0.6%) patients,
respectively.

CONCLUSIONS AND RELEVANCE In this randomized clinical trial, among patients who
underwent an operation for CSDH recurrence or a first CSDH episode at high risk of
recurrence, MMA embolization did not lead to a significantly lower rate of recurrence at 6
months compared with standard medical care alone. However, the magnitude of the effect
estimate is consistent with other recent trials, including some that demonstrated the benefit
of MMA embolization with nonadhesive liquid embolic agents, and these findings considered
together may inform future studies and potential use of this therapeutic approach for CSDH
management.
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C hronic subdural hematoma (CSDH), which is already a
common disease, is expected to rapidly become the
most prevalent neurosurgical disease, given current

demographic trends.1-4 CSDH is associated with increased mor-
tality compared with standardized mortality data, which cor-
roborates the description of CSDH as a sentinel health event.5

Surgery is considered the standard of care for compressive
symptomatic CSDH.6,7 However, recurrence remains a signifi-
cant concern, as it is observed in 1 out of 10 surgically treated
patients with CSDH and negatively affects both patient sur-
vival and functional outcome.6,8,9 Adjunct medical treat-
ments in CSDH management are deemed modestly helpful at
best10,11 and deleterious at worst.12

Embolization of the middle meningeal artery (MMA) has
been suggested as a stand-alone treatment for CSDH or as an
adjunct to surgery.13 A growing body of nonrandomized stud-
ies historically suggested a possible benefit of postoperative
MMA embolization on CSDH recurrence, especially in pa-
tients at risk of recurrence.13,14 Three recently published trials
have assessed the efficacy of MMA embolization using non-
adhesive liquid embolic agents as a stand-alone treatment or
as an adjunct to surgery.15-18

The aim of the Embolization of the MMA for the Preven-
tion of CSDH Recurrence in High-Risk Patients (EMPROTECT)
trial was to assess the efficacy of MMA particle embolization,
performed within 7 days of CSDH surgery, in reducing the
risk of CSDH recurrence at 6 months compared with standard
medical care alone in patients at high risk of postoperative
CSDH recurrence.

Methods
Trial Design and Oversight
The initial version of the EMPROTECT trial protocol, a table
of successive protocol amendments, and appendices to the trial
protocol are available as supplemental material (Supple-
ment 1, the eTable in Supplement 2, and Supplement 3, re-
spectively). Key aspects of trial methodology were previ-
ously published.19 Briefly, EMPROTECT is an academic-led,
multicenter, open-label randomized clinical trial (RCT) with
blinded assessment of the primary end point by an adjudica-
tion committee. Patients were enrolled in 12 French centers by
neurosurgery or interventional neuroradiology investiga-
tors. All patients or their representatives provided written in-
formed consent. Trial sites were neurosurgical or comprehen-
sive neurosurgical and interventional neuroradiology centers,
all providing 24/7 neurosurgical emergency services. Ethical
approval was obtained from the Comité de Protection des
Personnes Ile de France III on January 10, 2020 (reference No.
3754- I). This report fully adheres to the CONSORT reporting
guidelines.

Patients
Patients were eligible for enrollment if they were 18 years or
older, affiliated with a social security scheme, and at high risk
of CSDH recurrence after burr hole surgery for CSDH or CSDH
recurrence. High risk of CSDH recurrence was defined as sur-

gery for CSDH recurrence or surgery for a first episode of CSDH
with at least 1 of the following recurrence risk factors: chronic
alcoholism defined by daily alcohol consumption greater than
30 g, liver cirrhosis, antiplatelet or anticoagulant therapy,
thrombocytopenia with platelet count less than 100 × 103/mm3,
or surgery without use of an external subdural drain. The defi-
nition of CSDH was pragmatically left to the discretion of the
study investigators.

Patients were not eligible for inclusion if CSDH evacua-
tion was performed by craniotomy or twist drill craniostomy
rather than burr hole surgery (definitions are provided in the
eMethods in Supplement 4). Additionally, patients were not
eligible beyond 7 days after the index surgery (surgery for re-
current CSDH or first surgery with a risk factor indicated in the
inclusion criteria); if they were functionally dependent with
a modified Rankin Scale (mRS) score of 4 or above before the
CSDH; they were deemed to have a life expectancy of less than
6 months; had kidney failure defined by creatinine clearance
of less than 30 mL/min; were pregnant; had a history of al-
lergy to an iodinated contrast agent; if the embolization pro-
cedure was deemed unachievable under local anesthesia
(eg, because of patient agitation or discomfort) in a patient with
contraindication to both conscious sedation and general an-
esthesia; in case of patient refusal; if follow-up was deemed
problematic (eg, living abroad or homeless); or in case of legal
guardianship or trusteeship.

Randomization and Trial Procedures
Patients were randomly assigned 1:1 to the experimental in-
tervention (MMA embolization) or the control (standard medi-
cal care alone) via a central web-based randomization system
(CleanWEB). Randomization involved using random per-
muted blocks of 2 and 4 patients with stratification for cen-
ter, treatment with antiplatelet or anticoagulant medication
(yes vs no), and unilateral or bilateral CSDH status.

Details of the trial procedure are available in the eMethods
in Supplement 4. Briefly, in the intervention group, patients
underwent computed tomography (CT) angiography of the
supra-aortic and intracranial vessels followed by MMA embo-
lization within 7 days of surgery, along with best medical
treatment. During the embolization procedure, the MMA was

Key Points
Question Does middle meningeal artery (MMA) embolization
reduce the rate of chronic subdural hematoma (CSDH) recurrence
in patients who underwent an operation and are at high risk of
recurrence?

Findings In this randomized clinical trial that included 342
participants, the rate of CSDH recurrence was 14.8% in the MMA
embolization group and 21.0% in the medical management alone
group, a difference that was not statistically significant (adjusted
odds ratio, 0.64 [95% CI, 0.36-1.14]).

Meaning Among patients who underwent surgery for CSDH
recurrence or a first CSDH episode who are at high risk of
recurrence, MMA embolization did not lead to a significantly lower
rate of recurrence at 6 months compared with standard medical
care alone.
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catheterized with a Progreat 2.4 microcatheter (Terumo
Corporation) above the foramen spinosum and embolized by
free-flow injection of 300- to 500-μm Embosphere (Merit Medi-
cal) trisacryl gelatin microspheres (TAGM). Standard medical
management received by patients in the control group is de-
scribed in the eMethods in Supplement 4. The need for a new
imaging workup, a new hospital admission, or reoperation was
at the discretion of the treating neurosurgeon.

End Points
The primary end point was CSDH recurrence rate at 6 months,
defined as the reappearance of a homolateral CSDH with a mid-
line shift of 5 mm or greater or a symptomatic homolateral
CSDH, including leading to death; the presence of a homolat-
eral CSDH greater than 10 mm in maximal thickness on the
6-month control head CT scan; the need for repeat surgery for
homolateral CSDH recurrence; or the need for a new hospital
admission related to homolateral CSDH recurrence.

Secondary end points included the rate of repeat surgery
for homolateral CSDH recurrence during the 6-month follow-up
period; rate of disability and dependency at 1 and 6 months,
defined by an mRS score of 4 or greater; mortality rate at 1 and
6 months; total cumulative hospital stay directly or indi-
rectly related to the CSDH during the 6-month follow-up pe-
riod; and minor and major embolization procedure–related
complication rates.

The primary and secondary end points were evaluated by
a local neurosurgeon or interventional neuroradiologist in-
vestigator during an intermediate visit at 1 month and a final
visit at 6 months. If the patient failed to attend the follow-up
visits, the investigator interviewed the patient, a legal repre-
sentative, or a health care professional by phone.

An independent adjudication committee evaluated the pri-
mary end point blinded to the randomization group. The com-
mittee adjudicated the following cases: CSDH recurrence re-
ported by the local investigator; hospital admission potentially
related to the CSDH; a medical visit potentially related to the
CSDH other than the 1- and 6-month planned visits; a head CT
or magnetic resonance imaging (MRI) scan potentially re-
lated to CSDH recurrence other than those planned at the 1-
and 6-month end points; any new surgery potentially related
to the CSDH; or any neurological symptoms. This list of events
is in the final version of the protocol and was modified in the
fourth and fifth amendments of the protocol in effect on July
27, 2021, and June 7, 2022, respectively, to be as exhaustive
as possible.

Sample Size Calculation
The CSDH recurrence rate was approximately 10% in large epi-
demiological studies and meta-analyses.6,20,21 Because the
study population consisted of patients with prior recurrence
and recurrence risk factors, the CSDH recurrence rate at 6
months was estimated at 15% in the control group. In a retro-
spective study comparing the impact on recurrence rate of post-
surgical embolization of CSDH with a historical cohort in pa-
tients with a higher-than-average risk of recurrence, a 10%
absolute difference was found in favor of embolization.14

To show an absolute difference of 10%, with 80% power and

a 2-sided overall α risk of 5%, and 20% lost to follow-up, the
trial needed to include 342 patients. This sample size was cal-
culated considering 2 sequential tests planned according to the
Lan-DeMets method with an O’Brien-Fleming alpha-
spending function.

Statistical Analysis
We planned a sequential analysis of the primary end point with
2 analyses: an interim analysis after the evaluation of the pri-
mary end point for the first 129 patients and a final analysis at
the end of the study. The analysis was planned according to
the Lan-DeMets method, with the O’Brien-Fleming alpha-
spending function. The trial could be stopped after the in-
terim analysis in case of a difference between the 2 groups at-
tested at the α threshold of .001 or for futility in case of low
conditional power. The stopping rules were not met at the in-
terim analysis, and the data safety monitoring board recom-
mended continuing the trial.

The primary analysis was the comparison of the rate of
CSDH recurrence at 6 months between the 2 groups assessed
by the adjudication committee, with a logistic regression model
taking into account stratification factors, namely anticoagu-
lant and antiplatelet medication vs no medication and unilat-
eral or bilateral CSDH status with randomization group. We
planned to introduce center as a random effect, but did not be-
cause variance of the random effect was estimated to be zero,
indicating no significant variability between centers. An ad-
justed absolute risk difference in the recurrence rate at 6
months was also estimated, as was its 95% CI by using boot-
strap analysis. The primary analysis involved all randomized
patients according to their randomization group (full analysis
set). Missing data were imputed by multiple imputation,22 and
patients who died from a neurological or unknown cause were
considered to have CSDH recurrence. Details regarding the mul-
tiple imputation method are available in the eMethods in
Supplement 4.

The significance threshold of the interim analysis had lim-
ited impact on the α risk. Therefore, the significance thresh-
old for the final analysis was 0.05.

Two prespecified subgroup analyses for the primary end
point were conducted: unilateral vs bilateral CSDH status and
anticoagulant or antiplatelet therapy medication status (yes vs
no). Interaction was tested in the logistic regression model.

We conducted the following sensitivity analyses for the pri-
mary end point: analysis without adjudication of CSDH recur-
rence (assessment of the primary end point by on-site inves-
tigators); analysis in the full analysis set but without imputation
(ie, lost to follow-up and death from a non-neurological cause
were considered no event); analysis without patients who did
not undergo embolization in the experimental group (after CT
angiography or for other reasons), if any; and analysis with-
out patients wrongly included (ie, patients presenting at least
1 noninclusion criteria or not all inclusion criteria). This sen-
sitivity analysis was not performed because of no wrongly in-
cluded patients.

Regarding the secondary end points, rate of repeat sur-
gery for homolateral CSDH recurrence, 1- and 6-month mor-
tality rates were compared between the 2 groups by χ2 test or
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Fisher exact test, as appropriate. The rate of disability and de-
pendency at 1 and 6 months was assessed with a generalized
estimating equation model. The total cumulative duration of
hospital stay was compared between the 2 groups with a
Wilcoxon rank-sum test. We did not apply a correction for sub-
group or secondary end point analyses. Therefore, these analy-
ses should be considered exploratory.

Statistical analysis was performed with R version 4.1.0
(R Foundation). All statistical tests were 2-sided. The full sta-
tistical analysis plan is provided in Supplement 5.

Results
Patients
From July 2020 to March 2023, of the 659 patients assessed
for eligibility, 342 were included and randomized: 171 pa-

tients in each group (Figure 1) (eFigure 1 in Supplement 4; num-
bers of included patients by center are provided in eTable 1 in
Supplement 4). Follow-up was discontinued for 15 and 19 pa-
tients in the intervention and control groups, the most fre-
quent reason being death in 9 and 13 patients, respectively.

The median (IQR) age was 77 (68-83) years, and 274 of 342
(80.1%) patients were male (Table 1). At baseline, 237 (69.3%)
patients were taking antiplatelet or anticoagulant medica-
tion. In total, 257 (75.1%) and 85 (24.9%) patients had a uni-
lateral and bilateral CSDH, respectively. The study groups were
comparable in baseline characteristics.

Among the 171 patients randomized to undergo emboli-
zation, 26 did not undergo the intervention, the most fre-
quent reason being the presence of an arterial anastomosis in-
dicating a perceived risk of nontarget embolization (13 cases).
Difficult access led to catheterization failure in 4 cases and 2
patients exhibited severe atheroma, which precluded safe

Figure 1. Study Flowchart

659 Adults who underwent surgery for CSDH
and were at risk of CSDH recurrence

317 Excludeda

164 Prespecified noninclusion criteria
other than patient refusuala

101 Patient refusal
34 Unknown reasons
18 Other reasonsa

342 Randomized

171 Randomized to undergo MMA embolization
145 Underwent intervention as randomized
26 Did not undergo intervention as randomized

13 Dangerous anastomosis
5 Patient refusal
4 Catheterization failure
2 Severe atheroma
1 Postsurgical acute SDH
1 MCA occlusion during navigation phase

of MMA embolization procedure

171 Randomized to receive standard care alone
171 Received standard care as randomized

171 Included in the primary analysis
162 Evaluable cases

9 Multiple imputation for nonevaluable cases

171 Included in the primary analysis
157 Evaluable cases
14 Multiple imputation for nonevaluable cases

15 Discontinued follow-up
9 Death

5 Lost to follow-up
1 Withdrew consentb

6 Neurological or undetermined cause

3 Other cause

4 After CSDH recurrence
2 Before CSDH recurrence

19 Discontinued follow-up
13 Death

5 Lost to follow-up
1 Withdrew consent

5 Neurological or undetermined cause

8 Other cause

4 After CSDH recurrence
1 Before CSDH recurrence

162 Evaluable cases

9 Nonevaluable cases
5 Lost to follow-up
3 Death from another cause
1 Withdrew consent

24 CSDH recurrence

138 No CSDH recurrence

22 Adjudicated CSDH recurrence
2 Death from neurological or

undetermined cause

157 Evaluable cases

14 Nonevaluable cases
8 Death from another cause
5 Lost to follow-up
1 Withdrew consent

33 CSDH recurrence

124 No CSDH recurrence

32 Adjudicated CSDH recurrence
1 Death from neurological or

undetermined cause
aSee eFigure 1 in Supplement 4 for
reasons for excluding patients with
an inclusion criterion, prespecified
noninclusion criteria other than
patient refusal, and other reasons.
bPatient withdrew consent before
the embolization procedure.

CSDH indicates chronic subdural
hematoma; MCA, middle cerebral
artery; MMA, middle meningeal
artery; SDH, subdural hematoma.
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endovascular navigation. Five patients refused embolization
despite having agreed to inclusion in the study and 1 patient
was denied embolization after a diagnosis of acute postsurgi-
cal subdural hematoma. In 1 case, the embolization proce-
dure was terminated prematurely because of middle cerebral
artery occlusion, which complicated carotid artery naviga-
tion and required mechanical thrombectomy. No patient in the
control group underwent MMA embolization.

Primary End Point
The observed 6-month recurrence rate was 14.8% (24/162
patients, including 22 adjudicated CSDH recurrences and 2
deaths from a neurological or undetermined cause) in the
embolization group and 21.0% (33/157 patients, including 32
adjudicated CSDH recurrences and 1 death from a neurologi-
cal or undetermined cause) in the control group (Table 2)
(event rates for each component of the outcome are pro-
vided in eTable 2 in Supplement 4). After imputation, the
adjusted odds ratio (OR) was 0.64 (95% CI, 0.36-1.14), corre-
sponding to an adjusted absolute difference of −6% (95% CI,
−14% to 2%; P = .13).

On subgroup analyses of CSDH localization and antico-
agulant or antiplatelet use, the 2 treatment groups did not dif-
fer, and interaction tests were not statistically significant
(Figure 2). Sensitivity analyses gave consistent results, with
no significant difference between the 2 groups (eFigure 2 in
Supplement 4). In particular, when the on-site investigator’s
assessment of the primary end point was used instead of the
adjudication committee’s assessment, the difference re-
mained not statistically significant (OR, 0.61 [95% CI, 0.35-
1.06]; P = .08).

Table 1. Demographic and Clinical Characteristics of Included Patients
at Baseline by Treatment

Characteristic

No./total No. (%)

Embolization
(n = 171)a

Standard care
(n = 171)

Age, median (IQR), y 77 (68-83) 77 (69-84)

Sex, No. (%)

Female 32 (18.7) 36 (21.1)

Male 139 (81.3) 135 (78.9)

Medical history, No. (%)

Hypertension 101 (59.1) 103 (60.2)

Diabetes 39 (22.8) 42 (24.6)

Stroke 24 (14.0) 22 (12.9)

Myocardial infarction 18 (10.5) 17 (9.9)

Cardiac failure 16 (9.4) 9 (5.3)

Median ASA score (IQR)b 2.0 (1.0) 2.0 (1.0)

CSDH recurrence risk factors

Antiplatelet or
anticoagulant therapy

119/171 (69.6) 118/171 (69.0)

Chronic alcoholism 25/171 (14.6) 27/171 (15.8)

Surgery for CSDH
recurrence

23/171 (13.5) 22/171 (12.9)

Surgery without
external drain

16/167 (9.6) 15/163 (9.2)

Liver cirrhosis 5/171 (2.9) 3/171 (1.8)

Thrombocytopenia
(platelet count
<100 × 103/μL)

4/170 (2.4) 4/171 (2.3)

Symptoms at CSDH
presentation

Known head trauma 69/144 (47.9) 70/141 (49.6)

Hemiparesis 64/101 (63.4) 72/105 (68.6)

Gait disturbance 51/101 (50.5) 58/104 (55.8)

Headache 65/167 (38.9) 70/163 (42.9)

Speech disorder 34/100 (34.0) 31/105 (29.5)

Altered mental status
(Glasgow Coma Scale
score <12)c

9/150 (6.0) 21/149 (14.1)

Laboratory

PR, median (IQR) 92 (82-99) 93 (83-100)

APTTr, median (IQR) 1 (0.9-1.1) 1 (0.9-1.1)

Initial imaging results

Unilateral CSDH, No. (%) 127 (74.3) 130 (76.0)

Maximal unilateral
CSDH thickness,
median (IQR), mm

22 (18-26) [n = 122] 23 (20-26) [n = 122]

Bilateral CSDH, No. (%) 44 (25.7) 41 (24.0)

Median maximal
bilateral CSDH thickness
(IQR), mm

22 (17-26) [n = 43] 23 (15.2-26) [n=38]

Midline shift,
median (IQR), mmd

10 (7-13) [n = 161] 10.5 (7-14) [n = 161]

Treatment

Trepanation burr hole
craniostomye

150/167 (89.8) 146/163 (89.6)

Trephine craniostomye 17/167 (10.2) 18/163 (11.0)

Unilateral CSDH surgery 135/171 (78.9) 137/163 (84.0)

Bilateral CSDH surgery 36/171 (21.1) 26/163 (16.0)

Corticosteroids 19/171 (11.1) 22/171 (12.9)

(continued)

Table 1. Demographic and Clinical Characteristics of Included Patients
at Baseline by Treatment (continued)

Characteristic

No./total No. (%)

Embolization
(n = 171)a

Standard care
(n = 171)

CSDH surgery complications

Seizure 2/167 (1.2) 2/163 (1.2)

External drain malposition 2/152 (1.3) 0/152 (0)

Infections 1/95 (1.1) 0/86 (0)

Otherf 7/167 (4.2) 11/163 (6.7)

Abbreviations: APTTr, activated partial thromboplastin time ratio;
ASA, American Society of Anesthesiologists; CSDH, chronic subdural
hematoma; PR, prothrombin rate.
a Data were missing for 1 patient in the embolization group.
b ASA scores range from 1 to 6, with higher scores indicating worse status.
c Glasgow Coma Scale scores range from 3 to 15, with lower scores indicating

worse status.
d Data provided for unilateral CSDH only.
e Craniostomy procedures were performed either with a cranial drill (burr hole

craniostomy) or a skull trephine cylindrical saw (trephine craniostomy), both
allowing the creation of openings up to 30 mm, defined as burr hole
craniostomy, as opposed to larger openings, defined as craniotomy.

f Others included acute subdural hematomas, intraparenchymal hematoma,
bleeding scalp wound, confusion, diabetic ketoacidosis, acute agitation,
worsening of agitation and confusion, platelet transfusion, and accidental
drain removal.
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Secondary End Points
Of the 171 patients included in the intervention group, 7 of 162
(4.3%) required repeat surgery for recurrence of the CSDH ho-
molateral to that in the initial operation compared with 13 of
157 (8.3%) in the control group (P = .14). The 2 groups did not
significantly differ in 1- and 6-month disability and depen-

dence rate or mortality rate. Median (IQR) total cumulative hos-
pital stay directly or indirectly related to the CSDH was 10
(6-26.5) days in the embolization group and 9 (5-28.5) days in
the control group (P = .12) (Table 2).

One major complication of MMA embolization was re-
corded (0.6%). As mentioned earlier, a patient had a stroke

Table 2. Results for the Primary and Secondary End Points

End point

No./total No. (%)
Absolute difference
(95% CI) P value

Embolization
(n = 171)

Standard care
(n = 171)

Primary end point

6-mo CSDH recurrence 24/162 (14.8)a 33/157 (21.0)a −0.06 (−0.14 to 0.02)b .13c

Adjudicated CSDH recurrence 22 32 NA NA

Death from neurological or undetermined cause 2 1 NA NA

Secondary end points

Rate of repeat surgery for homolateral CSDH recurrence 7/162 (4.3) 13/157 (8.3) −4.0 (−9.4 to 1.4)d .14e

1-mo Disability and dependency rate,
mRS score ≥4, % (95% CI)f

9.6 (4.8-14.4) 5.8 (2.1-9.5) 3.8 (−2.3 to 9.9)g .22

6-mo Disability and dependency rate,
mRS score ≥4, % (95% CI)f

8.2 (3.9-12.5) 7.4 (3.2-11.6) 0.8 (−5.2 to 6.8)g .79

1-mo Mortality rate 3/165 (1.8) 3/165 (1.8) 0 (−3.0 to 3.0)d 1.00h

6-mo Mortality rate 9/165 (5.5) 13/165 (7.9) −2.4 (−7.9 to 2.9)d .38e

Total cumulative duration of hospital stay directly
or indirectly related to CSDH, median (IQR), d

10 (6-26.5) 9 (5-28.5) 1 (−1 to 5)d .12i

Embolization procedure–related complicationsj

Major complications, No. (%) 1 (0.6)

Mechanical thrombectomy after the occurrence
of intracranial MCA occlusion during carotid
catheterization

1 (0.6)

Minor complications, No. (%) 3 (1.8)

Transient neurological deficit 2 (1.2)

Mild headaches 1 (0.6)

Abbreviations: CSDH, chronic subdural hematoma; MCA, middle cerebral
artery; mRS, modified Rankin Scale; NA, not applicable.
a Observed CSDH recurrence assessed by the blinded, independent

adjudication committee. Case numbers and percentages based on observed
values before multiple imputation were reported.

b Absolute difference adjusted for randomization stratification factors, namely
the use of anticoagulants or antiplatelets and the unilateral or bilateral nature
of the CSDH in the intention-to-treat population after imputation; 95% CIs
were estimated using bootstrap analysis.

c Estimated using a logistic regression model adjusted on randomization
stratification factors, namely the use of anticoagulants or antiplatelets and
unilateral or bilateral nature of the CSDH in the full analysis set after multiple
imputation.

d The absolute differences reported for secondary outcomes are unadjusted
and based on observed rates without multiple imputation.

e P value of Pearson χ2 test.
f The mRS evaluates the disability or dependence level in daily activities and

ranges from 0 to 6, with higher scores indicating more severe disability.
g The treatment effect is the risk difference of 1- and 6-month disability and

dependency rate with 95% CIs estimated using the generalized estimating
equation for binary outcomes.

h P value of Fisher exact test for count data.
i P value of Wilcoxon rank-sum test.
j A detailed list of prespecified embolization procedure–related complications is

provided in eTable 3 in Supplement 4.

Figure 2. Subgroup Analysis of the Primary End Point

P value for
interaction

Embolization
better

Standard
care better

0.1 0.2 321
OR (95% CI)

No./total No.
Embolization
group

Standard
care groupSubgroup OR (95% CI)

CSDH localization

12/118 22/117Unilateral 0.51 (0.25-1.07)

12/44 11/40Bilateral 1.03 (0.39-2.67)

Anticoagulant or antiplatelet medication use

5/51 13/50No 0.34 (0.11-1.03)

19/111 20/107Yes 0.83 (0.43-1.59)

24/162 33/157All patients 0.64 (0.36-1.14)

.32

.18

0.5

Subgroup plot of 6-month CSDH
recurrence assessed by the
adjudication committee according to
CSDH localization (unilateral and
bilateral) and anticoagulant or
antiplatelet use (yes vs no). A logistic
regression model with an interaction
term tested whether the treatment
effect significantly depended on the
factor levels of the 2 variables.

CSDH indicates chronic subdural
hematoma; OR, odds ratio.
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because of middle cerebral artery occlusion during MMA em-
bolization, which led to mechanical thrombectomy, so MMA
embolization was aborted. This complication did not result in
severe neurological sequelae (mRS score was 2 at 1 month and
1 at 6 months). Nevertheless, we classified this event as a ma-
jor complication. Three minor procedure-related complica-
tions were recorded (1.8%): 1 patient presented with tran-
sient left-sided hemiparesis, resolved in less than 10 minutes,
with an MRI showing neither infarction nor vascular occlu-
sion; 1 patient presented with transient aphasia at the end of
the procedure; and 1 patient had mild headaches (Table 2). De-
tails on all complications of interest are provided in eTable 3
in Supplement 4. The 2 groups did not differ in rate of ad-
verse events (Table 3).

Discussion
In this multicenter RCT conducted in France, the rate of CSDH
recurrence at 6 months after surgery was not significantly lower
with MMA embolization than with medical treatment alone in
patients with CSDH at risk of recurrence. The 2 groups did not
differ in adverse event rates. Only 1 major MMA embolization
procedure–related complication was documented during the
study period (0.6%).

Nonrandomized studies have suggested a possible ben-
efit of MMA embolization in terms of recurrence and the
need for surgical rescue.13,14,23-25 First reported more than
2 decades ago as a salvage therapy in patients with surgical
comorbidities, embolization has grown in popularity in re-
cent years.10,26 The results of 3 industry-sponsored trials
(EMBOLISE, MAGIC-MT, and STEM) assessing MMA emboli-
zation using a liquid embolic agent as a stand-alone treat-
ment or as an adjunct to surgery have recently been reported
and are summarized in eTable 4 in Supplement 4.15-18

EMBOLISE and STEM showed statistically significant results
for the primary end point, while MAGIC-MT did not demon-
strate a significant difference, in line with study results.

There are several possible explanations regarding the lack
of a statistically significant benefit of MMA embolization in the
EMPROTECT trial. First, differences across the trials in pri-
mary end point definitions may explain part of the differ-
ences in results. Problematic heterogeneity in the definitions
of the outcome measures throughout the CSDH literature has
been pointed out before.27 Second, although a 10% differ-
ence in CSDH recurrence rate was expected, the observed dif-
ference was 6%, which may suggest a more modest benefit of
embolization than expected. This finding could be related to
the choice of embolic agent. In contrast to EMBOLISE and
STEM, which reported positive results with nonadhesive liq-
uid agents, this study used microparticles. As previously re-
ported, the dural arterial supply is highly anastomotic.28 TAGM
particles of 300 to 500 μm are expected to fall short of occlud-
ing these anastomotic channels, in turn possibly limiting the
impact on CSDH persistent exudation. However, this expla-
nation is insufficient, as MAGIC-MT, reporting results on MMA
embolization with a liquid embolic agent as well, reported
negative results.

A third explanation may relate to the study population:
patients with CSDH who underwent surgery and were at
high risk of recurrence. In the STEM trial, the positive effect
of MMA embolization was primarily driven by patients who
underwent stand-alone MMA embolization compared with
observation and the effect was not statistically significant in
the subgroup of patients who underwent an operation.17,18

However, in the EMBOLISE trial, the results for the surgical
population indicated that MMA embolization as an adjunct
to surgery met the primary end point.16 Further studies are
warranted to clarify which patients most benefit from MMA
embolization and with what embolic agents. Fourth, in the
EMPROTECT trial, embolization was performed within 7
days of surgery, whereas in the EMBOLISE and STEM trials,
MMA embolization was performed before surgery in more
than half of patients and all patients, respectively.16,18 Fifth,
play of chance is a possible explanation for missing signifi-
cance, as the effect point estimate in the current trial gener-
ally aligns with those in the other trials.

Study results point to a reassuring safety profile of the MMA
embolization procedure, in line with previously published
data.13-18,23-25 Only 1 procedure-related major complication was
reported, and more adverse events were not observed in the
intervention than control group. The MAGIC-MT trial found
fewer serious adverse events within 90 days in the interven-
tion than control group, which emphasizes the overall reas-
suring safety profile of MMA embolization regardless of the em-
bolic agent used.15,17 This result is encouraging given the profile
of the CSDH population. Indeed, the median age of the study
population was older than 75 years, and more than 1 in 10 pa-
tients had a history of stroke and/or myocardial infarction.

Table 3. Adverse Events

Adverse event

No. (%)
Embolization
(n = 171)

Standard care
(n = 171)

Serious adverse events 36 (21.1) 32 (18.7)

No. of serious adverse events,
median (IQR)

0 0

Adverse events 91 (53.2) 89 (52.0)

No. of adverse events, median (IQR) 1 (0-2) 1 (0-1.5)

Adverse events of interest

Complications related to CSDH
and hematoma evacuation surgerya

18 (10.5) 23 (13.5)

Subdural empyema 6 (3.5) 4 (2.3)

Acute subdural hematoma 1 (0.6) 0

Complications of CT angiography 1 (0.6) 0

Aspiration pneumonia 1 (0.6) 0

Urinary infection complicated by
pyelonephritis

2 (1.2) 0

Deep vein thrombosis of the lower
limbs and pulmonary embolism

1 (0.6) 1 (0.6)

Abbreviations: CSDH, chronic subdural hematoma; CT, computed tomography.
a All adverse events were reported by the study investigators to the Vigilance

Department of the sponsor (Department of Clinical Research and Innovation
by delegation). The adverse events were declared to be related or not to CSDH
and hematoma evacuation surgery. Blinded clinical data were provided to the
Vigilance Department, which had the final say in accepting or refusing to
acknowledge the causal relationship.
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There was an overrepresentation of male individuals in the
study population, but this is in line with overall prevalence of
CSDH by sex in France and in the 3 aforementioned trials.15,16,18

Limitations
This study has limitations. First, a particular CSDH popula-
tion was focused on: those who had surgery and risk factors
for recurrence. This choice was made because these patients
are most likely to experience CSDH recurrence and subse-
quent complications.19 Therefore, study results cannot be gen-
eralized to patients with CSDH who have not had surgery. Sec-
ond, only 1 embolic agent was used and the choice of the
embolic agent may have affected study results. Third, and most
important, the study may have lacked statistical power. In-
deed, the recurrence rate defined by the primary end point was

higher and the benefit smaller than expected in the sample size
calculation.

Conclusions
In this multicenter RCT involving patients with surgically man-
aged CSDH who were at high risk of CSDH recurrence, emboliza-
tion of the MMA with 300- to 500-μm TAGM did not significantly
reduce the rate of recurrence at 6 months. However, the magni-
tude of the effect estimate is consistent with other recent trials,
including some that demonstrated the benefit of MMA emboli-
zation with nonadhesive liquid embolic agents, and these find-
ings considered together may inform future studies and poten-
tial use of this therapeutic approach for CSDH management.
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