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BACKGROUND
The effect of embolization of the middle meningeal artery in patients with subacute 
or chronic subdural hematoma is uncertain.

METHODS
We performed a multicenter, open-label, randomized trial in China, involving pa-
tients with symptomatic nonacute subdural hematoma with mass effect. Patients 
were assigned to undergo burr-hole drainage or receive nonsurgical treatment at the 
surgeon’s discretion, and patients in each group were then randomly assigned, in 
a 1:1 ratio, to undergo middle meningeal artery embolization with liquid embolic 
material or to receive usual care. Patients whose condition warranted craniotomy 
were excluded. The primary outcome was symptomatic recurrence or progression of 
subdural hematoma within 90 days after randomization. Secondary outcomes in-
cluded clinical and imaging outcomes. The main safety outcome was any serious 
adverse event (including death).

RESULTS
The analysis included 722 patients, of whom 360 were assigned to the emboliza-
tion group and 362 to the usual-care group. Burr-hole drainage was performed in 
78.3% of the enrolled patients; among the patients who underwent burr-hole 
drainage, the procedure occurred after embolization in 99.6%. Symptomatic recur-
rence or progression of subdural hematoma within 90 days occurred in 24 patients 
(6.7%) in the embolization group and in 36 (9.9%) in the usual-care group (be-
tween-group difference, −3.3 percentage points; 95% confidence interval, −7.4 to 
0.8; P = 0.10). The incidence of serious adverse events was lower in the emboliza-
tion group than in the usual-care group (6.7% vs. 11.6%, P = 0.02).

CONCLUSIONS
Among patients with symptomatic nonacute subdural hematoma (of whom 78% 
underwent burr-hole drainage), middle meningeal artery embolization resulted in 
a 90-day incidence of symptomatic recurrence or progression similar to that with 
usual care but was associated with a lower incidence of serious adverse events. (Fund-
ed by Shanghai Shenkang Hospital Development Center and others; MAGIC-MT 
ClinicalTrials.gov number, NCT04700345.)
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Chronic subdural hematoma is a 
common neurologic disorder that predomi-
nantly occurs in older persons. Its inci-

dence is predicted to increase owing to an aging 
population and increasing use of antithrombotic 
agents.1 Surgical evacuation, through burr-hole 
drainage or open craniotomy, and supportive 
medical care are the standard treatments for symp-
tomatic chronic subdural hematoma. However, the 
incidence of hematoma recurrence or progres-
sion remains high.2-5 One explanation is fragility 
of the neovasculature underlying the subdural 
membrane encapsulating the hematoma, which 
is supplied by vessels from the middle menin-
geal artery.6-9

Endovascular embolization of the middle men-
ingeal artery has emerged as a promising treat-
ment method to reduce hematoma growth and 
recurrence of chronic subdural hematoma.10 A 
meta-analysis indicates a large potential effect 
of middle meningeal artery embolization,11 but 
there is limited evidence from multicenter, ran-
domized, controlled trials. We conducted the 
Managing Non-acute Subdural Hematoma Using 
Liquid Materials: a Chinese Randomized Trial of 
Middle Meningeal Artery Treatment (MAGIC-MT) 
to determine whether the addition of middle 
meningeal artery embolization with the use of 
liquid materials to best-practice usual care would 
lower the incidence of hematoma progression or 
recurrence among patients with nonacute (chron-
ic or subacute) subdural hematoma in China.

Me thods

Trial Design

MAGIC-MT was an investigator-initiated, multi-
center, randomized, controlled trial with a PROBE 
(prospective, randomized, open-label, blinded end-
point) design.12 Written informed consent was ob-
tained from all the patients or their legal represen-
tatives. The trial was designed by an international 
steering committee and monitored by an indepen-
dent data and safety monitoring board. An inde-
pendent contract research organization (Clinical 
Consultancy Research Center) and site-management 
organizations (Shanghai Luoke Medical Informa-
tion Consulting and Beijing Shiyan Medical Tech-
nology) were involved in monitoring to ensure 
adherence to high standards of quality. Details 
are outlined in the Supplementary Appendix, 

which is available with the full text of this article 
at NEJM.org.

The protocol (available at NEJM.org) was ap-
proved by all relevant local ethics committees and 
research boards.13 The final protocol and statisti-
cal analysis plan were completed on September 21, 
2022, and December 2, 2023, respectively. The 
embolic material of the Onyx liquid embolic 
system (Medtronic) was provided free to patients 
by the investigators. All the investigators vouch for 
the completeness and accuracy of the data, adher-
ence of the trial to the protocol, and the report-
ing of adverse events. The first draft of the 
manuscript was jointly written by the first three 
authors. The trial sponsors (Shanghai Shenkang 
Hospital Development Center, Changhai Hospi-
tal, Shanghai Municipal Health Commission, 
and Covidien/Medtronic) had no involvement in 
the trial design or conduct, protocol review, or 
manuscript preparation. Our trial was conducted 
in accordance with International Council for 
Harmonisation guidelines.

Patients and Centers

The trial was conducted at 31 academic tertiary 
care centers in 12 provinces in China (Fig. S1 in 
the Supplementary Appendix). Personnel at all the 
sites were experienced in the conduct of research 
involving patients with neurotrauma or cerebro-
vascular disease and had undertaken both burr-
hole drainage and middle meningeal artery embo-
lization in 50 or more cases of nonacute subdural 
hematoma in the previous year. On-site and online 
training were provided before and during the 
conduct of the trial to ensure adherence to the 
protocol, assessments, and standards of care.

Patients were eligible for inclusion in the trial 
if they were 18 years of age or older with a symp-
tomatic nonacute subdural hematoma producing 
mass effect and were previously independent in 
their everyday activities as defined by a score of 
0, 1, or 2 on the modified Rankin scale (range, 
0 to 6, with higher scores indicating greater dis-
ability and a score of 6 indicating death), accord-
ing to the treating physician. Patients were ex-
cluded if they had bilateral subdural hematoma 
with unknown source of symptoms (hematoma 
on the left side, right side, or both sides) or if 
their condition warranted a craniotomy or emer-
gency hematoma evacuation. Details of the in-
clusion and exclusion criteria are listed in the 

A Quick Take 
is available at 

NEJM.org
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Supplementary Methods section in the Supple-
mentary Appendix. A screening log of the patients 
who were assessed for eligibility was kept at 
each investigational site.

Randomization and Procedures

Patients were first divided into two groups: those 
whose condition warranted burr-hole drainage 
of the subdural collection and those whose condi-
tion did not warrant drainage. The patients in 
each group were then randomly assigned, in a 1:1 
ratio, to undergo middle meningeal artery embo-
lization or to receive usual care. The decision for 
a patient to undergo burr-hole drainage was at the 
discretion of the treating physician according to 
clinical and imaging findings, but there were 
nonbinding guidelines in the protocol to assist 
with this decision. The trial-group assignments 
were known to the treating physician and the 
patient. The members of the outcomes assess-
ment committee who adjudicated the clinical 
outcomes and the members of the clinical events 
committee who adjudicated the safety outcomes 
were unaware of the trial-group assignments. 
However, owing to the visibility of the emboliza-
tion material on imaging, the staff of the core 
laboratory were aware of the trial-group assign-
ments.

Patients who were assigned to the emboliza-
tion group underwent cerebral angiography and 
ipsilateral middle meningeal artery emboliza-
tion of the subdural hematoma under general 
anesthesia or monitored local anesthesia. Brief-
ly, access to the femoral or radial artery was 
obtained, and digital subtraction angiography 
was performed with the use of a standard 
5-French diagnostic catheter. A guiding catheter 
was placed in the proximal external carotid ar-
tery. A microcatheter was advanced under road-
map guidance into the main trunk of the middle 
meningeal artery, and superselective angiogra-
phy was performed to identify any potentially 
unsafe collateral vessels, such as the ophthalmic 
and petrous branches, before embolization. The 
middle meningeal artery was embolized with 
Onyx. Successful embolization was defined as 
selective embolization of both the frontal and 
parietal branches or embolization of the main 
middle meningeal artery trunk. According to the 
protocol, middle meningeal artery embolization 
was to be performed before burr-hole drainage.

Patients who were assigned to the usual-care 
group were treated according to the current stan-
dard of care — that is, burr-hole drainage as 
needed, best medical management, or both. Stan-
dard burr-hole drainage was performed while the 
patient was under general anesthesia or moni-
tored local anesthesia, and use of either a single 
bur hole or multiple burr holes was acceptable. 
After the hematoma was evacuated with ample 
irrigation, a subdural drain was placed into the 
subdural space and subsequently removed within 
several days on the basis of imaging and clinical 
indications. Usual care involved the use of atorva-
statin, dexamethasone, and other drugs as need-
ed in patients without a contraindication.

Trial Outcomes

The primary outcome was symptomatic recur-
rence or progression of subdural hematoma 
within 90 days after randomization (with a win-
dow of ±14 days). Symptomatic was defined as 
involving one or more of the following neuro-
logic symptoms and signs: headache, cognitive 
impairment, dysarthria or dysphasia, ataxia or 
unsteadiness, paresis, sensory loss, and sei-
zures. Recurrence of subdural hematoma was 
defined as a maximum hematoma thickness 
exceeding 10 mm or reoperation during follow-
up after previous burr-hole drainage. Progres-
sion of subdural hematoma was defined as an 
increase in the maximum hematoma thickness 
by more than 3 mm from baseline or surgical 
rescue in patients who were receiving usual care.

Secondary outcomes included late symptom-
atic recurrence or progression of the subdural 
hematoma at 1 year; successful embolization of 
the target vessels on the basis of digital subtrac-
tion angiography; change in hematoma thick-
ness from baseline to the repeat scan at 90 days; 
change in hematoma volume from baseline to 90 
days; change in midline shift from baseline to 
90 days; change in the modified Rankin scale 
score between 90 days and 1 year; a modified 
Rankin scale score of 0, 1, or 2 at 90 days and 1 
year; a modified Rankin scale score of 0 to 3 at 
90 days and 1 year; health-related quality of life 
on the EuroQol Group 5-Dimension 5-Level Self-
Report Questionnaire (EQ-5D-5L) at 90 days and 
1 year; and hospital length of stay, rehospitaliza-
tion, discharge destination, and hospital ex-
penses. Safety outcomes were death within 90 
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days and within 1 year, serious adverse events 
within 90 days and within 1 year, and procedure-
related complications within 30 days. The main 
safety outcome was any serious adverse event 
(including death).

Trained investigators who were unaware of the 
trial-group assignments obtained clinical end 
points at 90 days using standardized forms and 
procedures. On the basis of these reports, the 
outcomes assessment committee (whose members 
were unaware of the trial-group assignments) re-
viewed all documented symptoms to determine 
their neurologic relevance and confirmed the 
modified Rankin scale scores. Imaging outcomes 
were evaluated by the independent core labora-
tory. Treating physicians decided to perform a 
repeat or rescue surgery during follow-up at their 
discretion according the clinical and imaging 
variables. Owing to the visibility of Onyx on im-
aging studies, they were aware of the trial-group 
assignments.

Statistical Analysis

The reported incidence of hematoma recurrence 
or progression with usual care ranges from 9.3 to 
27.5%.3,4,14-20 Thus, we assumed an incidence of 
12% in the usual-care group. The reported inci-
dence of hematoma recurrence or progression with 
middle meningeal artery embolization ranges 
from 1.4 to 8.9%.12-16,21,22 Thus, we assumed an 
incidence of 5% in the embolization group. The 
trial was powered to assess superiority, with a 
power of 90% and two-sided alpha of 0.05 and 
allowance for 8% loss to follow-up. The estimated 
sample size was 722 patients. Five additional pa-
tients were enrolled to compensate for those who 
withdrew consent.

Two formal interim analyses were conducted: 
after the first 240 patients and after 480 patients 
had completed primary-outcome assessments. 
These analyses were conducted by an independent 
statistician. Given the conservative Haybittle–Peto 
stopping rule used by the data and safety moni-
toring board and the negligible amount of type I 
error (0.002) expended in two interim analyses 
of the emerging data, a P value of less than 5% 
remained to indicate statistical significance. The 
data and safety monitoring board reviewed the 
unblinded data for efficacy, safety, and quality of 
trial conduct. The investigators were unaware of 
the trial-group assignments with respect to the 
results of the interim analyses. Baseline data are 

presented according to trial-group assignment, 
with the use of descriptive statistics as appro-
priate. Missing baseline data were not imputed. 
Analyses for primary, secondary, and safety out-
comes were based on the intention-to-treat popu-
lation. Analyses in the per-protocol population and 
safety population were also provided.

The Cochran–Mantel–Haenszel chi-square test 
was used for formal hypothesis testing of the pri-
mary outcome between trial groups, with stratifica-
tion for burr-hole drainage surgery. The between-
group difference and 95% confidence interval 
were calculated with the use of the Miettinen–
Nurminen method. A generalized linear mixed-
effects model with a log-link function was used 
to estimate the relative risk and 95% confidence 
interval for the trial groups, with sex, age, burr-
hole drainage surgery, any use of antithrombotic 
therapy, and baseline hematoma volume as co-
variates and with trial site as a random effect. 
Prespecified subgroup analyses of the primary 
outcome were performed with the use of the 
same methods. Subgroups were defined accord-
ing to age, sex, burr-hole drainage stratum, 
smoking status, known head trauma, use of anti-
thrombotic medication, statin use, midline shift, 
baseline hematoma thickness, hematoma volume, 
and bilateral subdural hematoma.

A Markov chain Monte Carlo method would 
be used for the multiple-imputation procedure 
under the missing-at-random assumption if the 
proportion of patients with missing primary-
outcome data was greater than or equal to 5%. 
Otherwise, the missing-completely-at-random as-
sumption would be adopted and patients with 
missing primary-outcome data would be regarded 
as not having had an event in the primary analy-
sis. The missing-completely-at-random assump-
tion was checked by sensitivity analyses in patients 
who underwent computed tomography after the 
predefined time window. The regression model 
included trial group, sex, age, body-mass index, 
baseline modified Rankin scale score, and base-
line maximum hematoma thickness.

Binary secondary efficacy outcomes were 
analyzed with the use of the same methods. 
Ordinal logistic regression was used for the shift 
in the modified Rankin scale score, and linear 
mixed-effects models were used for the change 
in maximum hematoma thickness and hemato-
ma volume from baseline, with covariates and 
random effects identical to those used in the 
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primary-outcome analysis. Secondary-outcome 
analyses are exploratory and based on a complete-
case analysis method with the assumption of 
the missing-completely-at-random mechanism in 
the main analysis. A chained equation method 
was used for the imputation of missing secondary-
outcome data. No multiplicity adjustment was 
planned for secondary-outcome analysis and 
subgroup analysis. Therefore, no formal statisti-
cal conclusions could be drawn from these re-
sults. All the analyses were performed with the 
use of SAS software, version 9.4 (SAS Institute).

R esult s

Patients

From March 2021 through May 2023, a total of 
1343 patients were assessed for eligibility at 31 
sites. A total of 727 patients underwent random-
ization: 365 patients were assigned to undergo 
middle meningeal artery embolization (emboli-
zation group), and 362 were assigned to receive 
usual care. After 5 patients in the embolization 
group withdrew consent, 722 trial patients were 
included in the intention-to-treat population 
(Fig.  1, Fig. S2, and Table S1). Of the patients 
who were excluded before randomization, 154 
declined to participate, 100 had bilateral subdural 
hematoma with unknown source of symptoms, 
60 had recurrent subdural hematoma, 59 had no 
neurologic symptoms, 58 had a modified Rankin 
scale score of more than 2 before symptom on-
set, 37 had a serious or fatal coexisting disease 
or a life expectancy of less than 1 year, 29 were 
unable to receive embolization before burr-
hole drainage, 25 had an indication for crani-
otomy or emergency subdural hematoma evacu-
ation, 11 met laboratory exclusion criteria, and 
83 had other reasons (Fig. 1).

The characteristics of the patients at baseline 
were similar in the embolization and usual-care 
groups (Table 1 and Table S2). The median age 
of the patients was 69 years (interquartile range, 
61 to 74), and 596 patients (82.5%) were men. Head 
trauma was confirmed in 379 patients (52.5%), 
and 53 patients (7.3%) were taking antithrom-
botic medication at the time of diagnosis. Hema-
toma imaging characteristics, including midline 
shift, maximum hematoma thickness, and hema-
toma volume, were similar in the two groups. Two 
patients in the embolization group and 15 patients 
in the usual-care group had missing data on the 

mean change in subdural hematoma thickness and 
the mean change in midline shift, and 4 patients 
in the embolization group and 16 patients in the 
usual-care group had missing data on the mean 
change in subdural hematoma volume (Table 2).

Interventions

A total of 353 patients in the embolization group 
and 3 patients in the usual-care group received 
endovascular procedures, and 347 patients in the 
embolization group and 3 in the usual-care group 
successfully underwent middle meningeal artery 
embolization (Fig. 1). Successful middle menin-
geal artery embolization was achieved in 98.3% 
of the patients in the embolization group. A to-
tal of 31 patients with major protocol violations 
(4.3%) were excluded from per-protocol analy-
ses: 6 did not undergo embolization, 10 crossed 
over to the alternative treatment, and 15 declined 
to undergo follow-up computed tomography. A 
total of 565 patients (78.3%) underwent burr-
hole drainage, and the use of burr-hole drainage 
was well balanced between the two groups, with 
the procedure performed in 281 patients in the 
embolization group and 284 in the usual-care 
group (Table 1). A total of 273 of 274 patients who 
underwent both procedures (99.6%) underwent 
drainage after embolization. A total of 707 pa-
tients (97.9%) received statins or glucocorticoids.

Primary Outcome

There were no missing data for the primary out-
come. For the primary-outcome visit at 90 days 
after randomization (with a window of ±14 days), 
the median follow-up time was 91 days (inter-
quartile range, 86 to 96) in the embolization 
group and 91 days (interquartile range, 85 to 97) 
in the usual-care group. In the intention-to-treat 
analysis, symptomatic recurrence or progression 
of subdural hematoma was reported in 24 of 360 
patients (6.7%) in the embolization group and in 
36 of 362 patients (9.9%) in the usual-care group; 
the between-group difference was −3.3 percent-
age points (95% confidence interval [CI], −7.4 to 
0.8; P = 0.10) (Table 2). In the embolization group, 
17 patients (4.7%) had symptomatic hematoma 
recurrence, and 7 (1.9%) had symptomatic he-
matoma progression. In the usual-care group, 
19 patients (5.2%) had symptomatic hematoma 
recurrence, and 17 (4.7%) had symptomatic he-
matoma progression. Repeat or rescue surgery 
was performed within 90 days in 11 patients 
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Figure 1. Randomization and Treatment of the Patients.

Patients in the embolization group were assigned to undergo embolization of the middle meningeal artery. CT denotes 
computed tomography.

727 Underwent randomization

1343 Patients were assessed for eligibility

616 Were excluded
154 Declined to participate
100 Had bilateral subdural hematoma

with unknown source of symptoms
60 Had recurrent subdural hematoma
59 Had no neurologic symptoms
58 Had modified Rankin scale score

of >2 before symptom onset
37 Had serious or fatal coexisting

disease or life expectancy <1 yr
29 Could not receive embolization

before burr-hole drainage
25 Had an indication for craniotomy

or emergency subdural hematoma
evacuation

11 Met laboratory exclusion criteria
83 Had other reasons

365 Were assigned to the embolization group
281 Underwent burr-hole drainage surgery

362 Were assigned to the usual-care group
284 Underwent burr-hole drainage surgery

5 Withdrew consent

1 Declined to undergo a CT
scan within the follow-up

window

14 Declined to undergo a CT
scan within the follow-up

window

7 Crossed over to the usual-care group 3 Crossed over to the embolization group

356 Underwent endovascular procedures
353 Were in the embolization group

3 Crossed over from the usual-care group
350 Successfully underwent middle meningeal 

artery embolization
347 Were in the embolization group

3 Crossed over from the usual-care group   

360 Were included in the intention-to-treat
population

362 Were included in the intention-to-treat
population

346 Were included in the per-protocol population 345 Were included in the per-protocol population
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Table 1. Characteristics of the Patients at Baseline.*

Characteristic
Embolization 

(N = 360)
Usual Care 
(N = 362)

Median age (IQR) — yr 68.5 (60–74) 70 (61–75)

Male sex — no. (%) 292 (81.1) 304 (84.0)

Symptoms at presentation — no. (%)†

Headache 206 (57.2) 197 (54.4)

Hemiparesis 192 (53.3) 176 (48.6)

Gait disturbance 134 (37.2) 132 (36.5)

Speech disturbance 39 (10.8) 32 (8.8)

Cognitive impairment 37 (10.3) 30 (8.3)

Other 4 (1.1) 5 (1.4)

Modified Rankin scale score before symptom onset — no. (%)‡

0 170 (47.2) 174 (48.1)

1 157 (43.6) 157 (43.4)

2 33 (9.2) 31 (8.6)

Known head trauma — no. (%) 178 (49.4) 201 (55.5)

Medical history — no. (%)

History of hypertension 162 (45.0) 166 (45.9)

History of diabetes mellitus 63 (17.5) 55 (15.2)

History of hyperlipidemia 14 (3.9) 19 (5.2)

Use of any antithrombotic medication — no. (%) 28 (7.8) 25 (6.9)

Findings on imaging

Median midline shift (IQR) — mm§ 10.5 (7.3–13.6) 10.8 (6.9–13.2)

Median maximum thickness of subdural hematoma (IQR) — mm§ 22.8 (18.6–27.1) 22.4 (18.5–26.8)

Median volume of subdural hematoma (IQR) — ml¶ 117.1 (93.4–143.6) 118.6 (87.7–142.2)

Burr-hole drainage — no. (%) 281 (78.1) 284 (78.5)

Timing of burr-hole drainage — no.‖

Before embolization 1 0

After embolization 271 2

Medical care — no. (%)**

Statins 347 (96.4) 351 (97.0)

Glucocorticoids 54 (15.0) 51 (14.1)

Antiepileptic drugs 23 (6.4) 28 (7.7)

*	� Percentages may not total 100 because of rounding. IQR denotes interquartile range.
†	� Patients often had more than one symptom at presentation (screening or randomization).
‡	� Scores on the modified Rankin scale range from 0 to 6, with higher scores indicating greater disability and a score 

of 6 indicating death. A score of 2 or less indicates functional independence. The modified Rankin scale score before 
symptom onset was assessed by the treating physician with the use of information obtained from patients (if possible) or 
their family members. Only patients with a modified Rankin scale score of 0, 1, or 2 were included in the trial.

§	� Data were missing for 1 patient in the usual-care group.
¶	� Data were missing for 1 patient in each group.
‖	� Of 281 patients in the embolization group who underwent burr-hole drainage, 5 patients crossed over to the usual-care 

group and 4 patients did not undergo middle meningeal artery embolization. In addition, 2 patients in the usual-care 
group who underwent burr-hole drainage crossed over to the embolization group. Therefore, a total of 274 patients 
underwent both burr-hole drainage and middle meningeal artery embolization.

**	� Medical care was defined as the use of medications that promote the absorption of the hematoma, such as statins or 
glucocorticoids, along with antiepileptic drugs or simply clinical observation. The application of these medications is 
based on the physician’s clinical experience.
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(3.1%) in the embolization group and in 23 (6.4%) 
in the usual-care group. The per-protocol analy-
sis yielded results similar to those of the intention-
to-treat analysis (Table S4).

Results of exploratory subgroup analyses are 
shown in Figure S3; the direction of treatment 
effect appeared to be consistent across the pre-
specified subgroups. Middle meningeal artery 
embolization was associated with larger point 
estimates of potential effect in patients without 
burr-hole drainage (relative risk, 0.39; 95% CI, 
0.14 to 0.99), those with a midline shift of less 
than 10 mm (relative risk, 0.34; 95% CI, 0.14 to 
0.77), and those who had never smoked (relative 
risk, 0.55; 95% CI, 0.30 to 0.99). Because these 
are exploratory analyses that did not control for 
multiplicity, no causal inferences can be drawn, 
and the results can only serve as hypothesis-
generating findings. Results of sensitivity analy-
ses are shown in Table S9.

Secondary Outcomes

The adjusted common odds ratio for a shift in the 
modified Rankin scale score at 90 days compar-
ing the embolization group with the usual-care 
group was 1.10 (95% CI, 0.82 to 1.46) (Fig. S4). 
Other secondary outcomes are shown in Table 2, 
including the EQ-5D-5L score at 90 days, mean 
length of hospital stay, rehospitalization, destina-
tion after discharge, and changes in the hemato-
ma on imaging.

Safety

Serious adverse events during the 90-day follow-
up period occurred less often in the emboliza-
tion group than in the usual-care group (6.7% 
vs. 11.6%; relative risk, 0.58; 95% CI, 0.34 to 
0.98) (Table  3). Mortality within 90 days was 
0.6% in the embolization group and 2.2% in the 
usual-care group (relative risk, 0.27; 95% CI, 
0.06 to 1.25). Details of serious adverse events 
are shown in Table S7. Embolization-related 
complications occurred in 3 patients (0.8%) in the 
embolization group (1 patient had facial-nerve 
paralysis, and 2 patients had an allergic reaction 
to the contrast agent). The percentage of patients 
with burr-hole drainage–related complications 
was 2.5% in the embolization group and 1.1% in 
the usual-care group (relative risk, 2.26; 95% CI, 
0.69 to 7.40). The incidence of adverse events was 
similar in the two groups, and details of adverse 
events are shown in Table S8.§	�
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Discussion

In our trial involving patients with symptomatic 
nonacute subdural hematoma in China, most of 
whom underwent burr-hole drainage, the inci-
dence of hematoma recurrence or progression 
within 90 days was similar among those who 
underwent middle meningeal artery emboliza-
tion and those who received usual care. Previous 
nonrandomized studies suggested that middle 
meningeal artery embolization may reduce the 
risk of hematoma growth and recurrence by de-
vascularizing the hematoma membranes. The re-
ported incidence of recurrence or progression with 
middle meningeal artery embolization ranges 
from 1.4 to 8.9%, as compared with 9.3 to 27.5% 
with usual care.3,4,14-22 The results of our trial did 
not show a significantly lower incidence of hema-
toma growth or recurrence with embolization 
than with usual care but did show a significantly 

lower incidence of serious adverse events, for rea-
sons that are unclear. Several additional multi-
center, randomized, controlled trials are currently 
under way that may provide additional data on 
the effects of middle meningeal artery emboli-
zation.23

Among patients undergoing burr-hole drain-
age, several studies have shown a lower incidence 
of recurrence or repeat surgery with middle 
meningeal artery embolization than with sur-
gery alone.17,24 Further trials are needed to assess 
the effect of middle meningeal artery emboliza-
tion in patients with and those without burr-hole 
drainage.

Our trial has limitations. First, the decision 
to perform repeat or rescue burr-hole drainage 
was left to the discretion of the physicians at 
each participating site, and treating physicians 
and core laboratory members were aware of the 
trial-group assignments, which introduces the 

Table 3. Safety Outcomes.*

Variable
Embolization 

(N = 360)
Usual Care 
(N = 362)

Relative Risk 
(95% CI)

number (percent)

Serious adverse event within 90 days 24 (6.7) 42 (11.6) 0.58 (0.34–0.98)†

Death within 90 days‡ 2 (0.6) 8 (2.2) 0.27 (0.06–1.25)

Adverse event of special interest within 90 days§ 29 (8.1) 25 (6.9) 1.17 (0.78–2.35)

Embolization-related complication within 30 days 3 (0.8) 0 NA

Facial-nerve paralysis 1 (0.3) 0

Contrast-agent allergy 2 (0.6) 0

Burr-hole surgery–related complication within 30 days¶ 9 (2.5) 4 (1.1) 2.26 (0.69–7.40)

Symptomatic intracranial hemorrhage 1 (0.3) 1 (0.3)

Asymptomatic intracranial hemorrhage 0 1 (0.3)

Central nervous system infection 1 (0.3) 0

Non–central nervous system infection 4 (1.1) 1 (0.3)

Incision complications 2 (0.6) 0

Epilepsy 3 (0.8) 1 (0.3)

*	�All safety outcomes were evaluated by the clinical events committee.
†	�P = 0.02.
‡	�Two patients in the embolization group died, with one death definitively related to hematoma and one from another 

reason. Eight patients in the usual-care group died, with two deaths definitively related to hematoma, five from another 
reason, and one from an undetermined cause.

§	� Adverse events of special interest that were reported included asymptomatic intracranial hemorrhage, non–central nervous 
system infection, perioperative infection (undetermined cause), adverse drug reaction (liver injury), adverse drug reaction 
(allergy), epilepsy, poor incision healing, deep venous thrombosis, new-onset ischemic stroke, and other.

¶	�Nine patients in the embolization group had a total of 11 burr-hole surgery–related complications. One patient had 3 compli-
cations: symptomatic intracranial hemorrhage, epilepsy, and non–central nervous system infection.
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possibility of bias in outcome assessments. Sec-
ond, the majority of patients with symptomatic 
subdural hematoma in this trial were treated surgi-
cally, which may not be representative of conserva-
tively treated patients. Third, only Onyx liquid 
embolic agent was used in this trial. Although 
liquid embolic agents show superior occlusion ef-
ficacy to solid embolic materials and precise em-
bolization because of deeper penetration and per-
manence, solid embolic materials may be safer 
because they are less likely to enter dangerous 
anastomoses.25-28 The efficacy and safety profile of 
different embolic agents for middle meningeal ar-
tery embolization requires further investigation. 
Fourth, variation in different factors such as the 
imaging classification of subdural hematoma, 
drain position, number of burr holes, and timing 
of embolization, which were not standardized or 
analyzed, could have influenced the recurrence 
of subdural hematoma.19,29-31

In this trial involving patients with symptom-
atic subacute or chronic subdural hematoma 
(most of whom underwent burr-hole drainage), 
the addition of middle meningeal artery emboli-
zation to usual care resulted in an incidence of 
hematoma recurrence or progression similar to 
that with usual care alone. However, middle men-
ingeal artery embolization resulted in a lower 
incidence of serious adverse events, including 
death.
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