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Emergency Department Visits for Chronic Subdural
Hematomas within 30 Days after Surgical Evacuation with

and without Middle Meningeal Artery Embolization
J.S. Catapano, L. Scherschinski, K. Rumalla, V.M. Srinivasan, T.S. Cole, J.F. Baranoski, M.T. Lawton, A.P. Jadhav,

A.F. Ducruet, and F.C. Albuquerque

ABSTRACT

BACKGROUND AND PURPOSE: Middle meningeal artery embolization after surgical evacuation of a chronic subdural hematomas is
associated with fewer treatment failures than surgical evacuation. We compared emergency department visits within 30 days for
patients with chronic subdural hematomas with and without adjunctive middle meningeal artery embolization.

MATERIALS AND METHODS: All cases of chronic subdural hematoma treated from January 1, 2018, through December 31, 2020,
were retrospectively reviewed. Treatment was classified as surgery only or surgery combined with middle meningeal artery emboli-
zation. The primary outcome was 30-day emergency department presentation and readmission.

RESULTS: Of 137 patients who met the study criteria, 28 (20%) underwent surgery combined with middle meningeal artery emboli-
zation. Of these 28 patients, 15 (54%) underwent planned middle meningeal artery embolization and 13 (46%) underwent emboliza-
tion after surgical failure. The mean chronic subdural hematoma size at presentation in the group with surgery only (n ¼ 109, 20.5
[SD, 6.9] mm) was comparable with that in the combined group (n ¼ 28, 18.7 [SD, 4.5] mm; P ¼ .16). A significantly higher percent-
age of the surgery-only group presented to the emergency department within 30 days compared with the combined group (32 of
109 [29%] versus 2 of 28 [7%] patients; P ¼ .02). No significant difference was found with respect to readmission (16 [15%] versus 1
[4%] patient; P ¼ .11). Nine patients (8%) in the surgery-only group were readmitted for significant reaccumulation or residual sub-
dural hematoma compared with only 1 patient (4%) in the combined group (P ¼ .40).

CONCLUSIONS: Surgical evacuation combined with middle meningeal artery embolization in patients with chronic subdural hema-
toma is associated with fewer 30-day emergency department visits compared with surgery alone.

ABBREVIATIONS: cSDH ¼ chronic subdural hematoma; ED ¼ emergency department; GCS ¼ Glasgow Coma Scale; MMA ¼ middle meningeal artery; SDH ¼
subdural hematoma

Chronic subdural hematoma (cSDH) is a common neurosurgi-
cal condition that is most prevalent among elderly patients and

can be challenging to treat.1-6 Surgical evacuation using burr- hole
irrigation or craniotomy is the preferred treatment option for
patients with primary or recurrent subdural hematoma (SDH) who
present with symptomatic brain compression.1-3,7 However, these
procedures are associated with recurrence rates as high as 28%,
with nearly one-tenth of patients requiring re-operation within 30–
60days.3,7,8 Conservative management may be indicated in patients
with small or asymptomatic SDHs, but many cSDHs may eventu-
ally require surgical evacuation.9-11 Middle meningeal artery
(MMA) embolization has recently been proposed as an alternative

or adjunct to surgery for primary or recurrent cSDHs, and it has
been associated with a decreased risk of treatment failure.3,9,12

Although several case series have outlined the potential bene-
fits of MMA embolization during the past few years, no studies
have used standard outcome measures to examine these findings.
In this single-center study conducted during a 3-year study pe-
riod, we compared the rates of emergency department (ED) use
and readmission within 30 days for patients with cSDHs who
underwent surgical evacuation with and without adjunctive
MMA embolization.

MATERIALS AND METHODS
The medical records of all patients who presented with a cSDH to a
single quaternary center from January 1, 2018, through December
31, 2020, were retrospectively reviewed. The study was approved by
the institutional review board at St. Joseph’s Hospital and Medical
Center in Phoenix, Arizona, and informed consent was waived
because of the low risk to patients. The endovascular treatment
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database was reviewed to abstract data on age, sex, Glasgow Coma
Scale (GCS) scores at admission and discharge, comorbid condi-
tions, and previous trauma. Patients in this cohort were assigned to
2 groups: surgical evacuation only or surgery combined with MMA
embolization. The group with surgery only included patients who
presented during the first 2 years of the study, whereas the surgery
and MMA embolization group (the combined group) included
patients who received the combined treatment during the entire 3-
year study period. The medical records of patients in the surgery-
only and combined groups were analyzed for ED visits and read-
mission within 30days as primary outcomes.

Statistical analysis was performed using SPSS Statistics for
Windows, Version 26.0 (IBM). Comparisons of ED visits and re-
admissions within 30 days were performed using an independent
samples t test. The level of significance was set at P, .05. Patient
data and outcomes are expressed as mean (SD) or as frequency
(percentage) or both.

RESULTS
The total study cohort consisted of 137 patients, of whom 109
(80%) underwent surgery only and 28 (20%) underwent combined
surgery and MMA embolization. Of the 28 patients in the com-
bined group, 15 (54%) underwent planned elective MMA emboli-
zation and 13 (46%) underwent unplanned MMA embolization
after surgical failure. No significant differences were found in age
or sex between the 2 groups (Table 1). The mean age was 70 (SD,

12.8) years in the surgery-only group
and 71 (SD, 10.2) years in the combined
group. Most patients in both groups
were men (81 of 109 [74%] in the sur-
gery-only group and 21 of 28 [75%] in
the combined group). Both groups of
patients had a mean GCS score of 14 at
both admission and discharge. No sig-
nificant differences were found in
comorbid conditions between the 2
groups. Comorbid conditions for the 2
groups are presented in Table 1.

The mean size of the cSDHs at pre-
sentation was not significantly different
in the surgery-only group (20.5 [SD,
6.9] mm) compared with the combined
group (18.7 [SD, 4.5] mm; P¼ .16). The
overall rate of ED visits within 30days
for the entire cohort was 24% (33 of 137
patients). This rate was significantly
higher in patients who underwent sur-
gery only (29%, 32 of 109) compared
with those who underwent MMA
embolization with surgery (7%, 2 of 28;
P¼ .02) (Table 2).

The overall rate of readmission within
30days was 12% (17/137 patients). The
readmission rate was higher in the sur-
gery only group (15%, 16/109) compared
with the combined group (4%, 1/28), but
this difference could not be compared

statistically because of the small number of ED presentations in each
group and because of the small sample size of the combined group.
Most readmissions (59%, 10/17) were due to reaccumulation or re-
sidual cSDH. Only 1 patient who underwent both surgery and
MMA embolization was readmitted for reaccumulation or residual
cSDH compared with 9 in the surgery-only group. In the 10 patients
with reaccumulated/residual SDH, the mean cSDH diameter was
12.3 (SD, 2.2) mm.

DISCUSSION
MMA embolization has emerged as a promising minimally inva-
sive procedure to treat primary and refractory cSDH.3,8,9,12-15

Compared with surgery alone, it has been associated with fewer
treatment failures and a reduced rate of hematoma reaccumula-
tion in patients with cSDH.9,12 To examine this association, we
compared the 30-day ED use and readmission rates among
patients with surgery only with those among patients with sur-
gery combined with MMA embolization during a 3-year study
period at a single institution. We found significantly less ED use
in the combined treatment group than in the surgery-only group
(P¼ .02).

In this era of continually increasing health care costs, institu-
tions are under pressure to identify ways to reduce expenditures
while maintaining and improving the quality of care. Returns to
the hospital within 30 days can be devastating for both patients
and the health care system. Federal policies and insurance payors

Table 1: Characteristics of 137 patients with cSDH who underwent surgery only versus
surgery combined with MMA embolizationa

Characteristic
Surgery-Only Group

(n = 109)
Combined Group

(n = 28)
P

Value
Age (mean) (SD) (yr) 70 (12.8) 71 (10.2) .86
Sex .94
Male 81 (74) 21 (75)
Female 28 (26) 7 (25)

GCS score (mean) (SD)
At presentation 14 (2.2) 14 (2.6) .77
At discharge 14 (2.1) 14 (2.3) .70

Comorbid condition
Hypertension 54 (50) 16 (57) .47
Diabetes mellitus 27 (25) 8 (29) .68
CAD 36 (33) 12 (43) .33
Liver disease 3 (3) 1 (4) .82
Alcohol abuse 14 (13) 1 (4) .16
CVA 10 (9) 2 (7) .73
Coagulopathy 4 (4) 3 (11) .13
Previous trauma 78 (72) 17 (61) .27

Length of hospital stay
(mean) (SD) (day)

9.9 (6.3) 8.6 (5.5) .51

Disposition home 60 (55) 18 (64) .38

Note:—CAD indicates coronary artery disease; CVA, cerebrovascular accident.
a Data are presented as No. (%) unless otherwise indicated.

Table 2: ED visits and readmissions within 30days for patients with cSDH who underwent
surgery only versus surgery combined with MMA embolization

Characteristic
Surgery-Only Group, No. (%)

(n = 109)
Combined Group, No. (%)

(n = 28) P Value
ED visits 32 (29) 2 (7) .02
Readmissions 16 (15) 1 (4) .11
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even penalize hospitals for unplanned readmissions. To our
knowledge, this study is the first to demonstrate that MMA embo-
lization for SDHs decreases the likelihood of ED visits and hospital
readmissions. Our results indicate that the recurrence of cSDH is
the most common reason for readmission. However, only 1
patient who underwent MMA embolization was readmitted for re-
currence. These findings suggest that MMA embolization may
reduce hospital readmissions and their associated cost to both the
patient and the health care system. A previous analysis of the
National Surgical Quality Improvement Program database simi-
larly found that recurrent SDH was the most common reason for
hospital readmission within 30days for patients who had under-
gone cSDH evacuation.16

Previous estimates of readmission rates after treatment of cSDH
are limited. The lack of a specific billing code for cSDH has hin-
dered analyses of nationwide administrative databases. Lako-
mkin et al16 reported a 30-day readmission rate of 7.7% (45 of 585)
in patients who underwent surgery for SDH. However, several limi-
tations minimize the generalizability of this and other reported
readmission rates. Their study was conducted using an administra-
tive billing database, and cSDH was defined by International
Classification of Disease, Ninth Revision (https://www.cdc.gov/
nchs/icd/icd9cm.htm) billing code 432.1 for “nontraumatic” SDH.
This code has not been validated against institutional records to
accurately detect cSDH. Furthermore, the National Surgical Quality
Improvement Program does not have a specific code for burr- hole
evacuation, which is the criterion standard surgical approach for
evacuating cSDHs. In addition, their readmission rates were calcu-
lated without consideration of how many patients died before dis-
charge, possibly leading to further underestimates.

Previous studies have demonstrated the safety and efficacy of
MMA embolization for cSDH. A recent meta-analysis and system-
atic review by Srivatsan et al2 identified 3 two-arm studies (emboli-
zation versus conventional surgery) and 6 single-arm case series.
The authors’ pooled analysis showed that hematoma recurrence
was significantly less common among patients who underwent
embolization (2.1%) than among those who underwent conven-
tional surgical treatment (27.7%; P, .001). In our study, only 1 of
28 patients who underwent MMA embolization was readmitted for
cSDH recurrence, a finding consistent with that of Srivatsan et al.
In addition to the outstanding efficacy of MMA embolization for
cSDHs, the procedure has been found to be relatively safe, largely
because of the recent advent of newer endovascular techniques (eg,
transradial access).17-25

Limitations to the study include those inherent in all retrospec-
tive analyses. Additionally, the study included only 28 patients in
the combined group, limiting its power, and the patients were
treated at a single institution by multiple neurosurgeons who ulti-
mately decided which patients underwent surgery with no stand-
ardized guidelines.

CONCLUSIONS
Our results show that surgical evacuation combined with MMA
embolization in patients with cSDH is associated with decreased ED
visits within 30days compared with surgery alone. Most readmis-
sions after cSDH treatment were due to hematoma recurrences,
which were markedly decreased in patients who underwent MMA

embolization. These findings warrant the design of future prospec-
tive, large-cohort studies to substantiate our data and expand on
this preliminary research.
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