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Background: Although chronic subdural hematoma (CSDH) incidence has increased, there is limited evidence to
guide patient management after surgical evacuation.

Objective: To identify predictors of reoperation and functional outcome after CSDH surgical evacuation.
Methods: We identified all patients with CSDH between 2010 and 2018. Clinical and radiographic variables were
collected from the medical records. Outcomes included reoperation within 90 days and poor (3-6) modified
Rankin Scale score at 3 months.

Results: We identified 461 surgically treated CSDH cases (396 patients). The mean age was 70.1 years, 29.7 %
were females, 298 (64.6 %) underwent burr hole evacuation, 152 (33.0 %) craniotomy, and 11 (2.4 %) cra-
niectomy. Reoperation rate within 90 days was 12.6 %, whereas 24.2 % of cases had a poor functional status at 3
months. Only female sex was associated with reoperation within 90 days (OR = 2.09, 95 % CI: 1.17-3.75, P =
0.013). AMS on admission (OR = 5.19, 95 % CI: 2.15-12.52, P < 0.001) and female sex (OR = 3.90, 95 % CIL:
1.57-9.70, P = 0.003) were independent predictors of poor functional outcome at 3 months.

Conclusion: Careful management of patients with the above predictive factors may reduce CSDH reoperation and
improve long-term functional outcomes. However, larger randomized studies are necessary to assess long-term
prognosis after surgical evacuation.

age and comorbidities.>° The reported recurrence rates range from 5 %
to 33 %.>7 1% Recurrence leads to a significant economic burden to the
family and society.'! Several studies have identified predictors for CSDH
recurrence, usually with mixed results.®'? Despite the decreasing mor-
tality after subdural hematoma (SDH), it is still unclear if functional

1. Introduction

Chronic subdural hematoma (CSDH) incidence is expected to in-

crease significantly and is so common that it is projected to be the most
prevalent cranial condition among adults by 2030." The incidence is
increasing because of the ageing population.” Patients with CSDH are
generally difficult to treat with high rates of readmission,” high inpatient
costs,* and mortality rates ranging from 1.5 % to 32 % depending on the

recovery has improved.” Additionally, there is limited data regarding
risk factors for readmission after SDH evacuation, and there is limited
understanding of the differences in predictive factors between SDH
types.® As the healthcare system is moving towards patient-centered
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Abbreviations

AMS Altered Mental Status

AUROC: Area Under the ROC CI: Confidence interval
CSDH Chronic Subdural Hematoma

CT Computed Tomography

CVD Cardiovascular disease

GCS Glasgow Coma Scale/Score

IQR Interquartile range

MLS Midline Shift

OR Odds Ratio

ROC: Receiver-Operating Characteristics
SDH Subdural Hematoma

TBI Traumatic Brain Injury

care, we aimed to identify the predictors of postoperative hematoma
clearance, reoperation, and functional outcomes after CSDH evacuation.

2. Methods
2.1. Study population

We performed a retrospective review of patients undergoing opera-
tive evacuation of CSDH in our center between 2010 and 2018. The
study is in accordance with the Strengthening the Reporting of Obser-
vational studies in Epidemiology (STROBE) guidelines. It was approved
by the Institutional Review Board (IRB), and patient consent was waived
due to the study’s retrospective design. We included adult patients un-
dergoing burr hole drainage, craniotomy, and craniectomy, and all
CSDH variations were included. Bilateral SDH on a patient was
considered as two separate cases.

2.2. Data collection

Baseline and postoperative data for all patients were obtained and
included age, sex, race, hypertension, CVD, blood thinners, Glasgow
Coma Scale/Score (GCS), smoking, unilateral or bilateral hematoma,
presenting symptoms, presenting CT findings (MLS, hematoma thick-
ness, hematoma area, atrophy), mode of treatment, surgical complica-
tions, postoperative and follow-up CT findings, follow-up duration,
reoperation within 90 days, and mRS at three months. Hematoma area
was measured manually as the largest area of the hematoma in the axial
plane with freehand region of interest in cm?. Clearance rate (percent
hematoma thickness change1 2y was defined as the SDH thickness dif-
ference of the postoperative from the preoperative axial CT scan at the
thickest slices, divided by the preoperative thickness.

2.3. Outcome measures

The outcome measures were reoperation within 90 days and modi-
fied Rankin Scale (mRS) score at 3 months in cases with available follow-
up. The mRS score was dichotomized to 0-2 (good functional outcome)
and 3-6 (poor functional outcome) to express the difference between the
dependent and independent functional status. Reoperation decision was
at the surgeon’s discretion due to continued symptoms, acute SDH, re-
sidual hematoma, or hematoma recurrence.

2.4. Statistical analyses

Univariable predictors of reoperation within 90 days and poor
functional outcome were identified using binary logistic regression
models. Those predictors with p values < 0.1 were then entered into
multivariable logistic regression models to identify independent
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predictors of reoperation within 90 days and poor functional outcome.
Tolerance and variance inflation factors were used to test the covariates
for multicollinearity. The fit of the models was assessed using the Hos-
mer-Lemeshow goodness-of-fit test. To assess the performance of
clearance in predicting no reoperation within 90 days, a nonparametric
receiver-operating characteristics (ROC) curve was generated, and
Youden’s index was used. An area under the ROC (AUROC) curve of 0.5
indicates no discrimination, while an AUROC curve of 1.0 indicates
perfect discrimination. Stratified analyses were performed for treatment
type and SDH acuity, and the subgroup AUROC curves were compared
using Chi-square statistics. All tests were two-tailed, and statistical sig-
nificance was defined as p < 0.05. Missing data were not imputed, but
were dropped out for each outcome in the analysis. All analyses were
performed using the Stata software (version 17.0, College Station, TX).

3. Results

A total of 461 cases (396 patients) surgically treated for CSDH were
identified. The mean age was 70.1 (13.1) years, and 29.7 % were fe-
males. In total, 74.0 % of cases had hypertension, 10.1 % used both
antiplatelets and anticoagulants before admission, and 15.6 % were
smokers (Table 1).

Admission clinical and radiological characteristics are shown in
Table 2. The median (Interquartile range, IQR) GCS on admission was 15
(14-15), and the most common symptom was headache (46.0 %), fol-
lowed by AMS (36.0 %). In total, 31.9 % of hematomas were bilateral.
On admission, the mean midline shift was 6.9 (5.0) mm, and 46.7 % had
brain atrophy.

Operative and postoperative variables are summarized in Table 3. Of
the cases, 298 (64.6 %) underwent burr hole evacuation (41 with one
and 257 with two burr holes), while 152 (33.0 %) and 11 (2.4 %) un-
derwent craniotomy and craniectomy, respectively. Postoperative sei-
zures (2.8 %) were the most common surgical complication following
the need for retreatment (11.7 %). Overall, complications occurred in
17.4 % of the cases. Immediately postoperatively, 66.8 % of cases had
partial evacuation with persistent MLS, and 5.6 % had complete evac-
uation without MLS. The mean postoperative hematoma clearance rate
was 40 % (40 %).

Follow-up and outcome variables are presented in Table 4. The
median (IQR) radiographic follow-up was 1.5 (1-3) months, with 41.0 %
of cases having complete evacuation without MLS. Fifty-four patients
(12.6 %) underwent reoperation within 90 days. The mean clinical
follow-up duration was 2 (1-4) months, with 24.2 % of cases having a
poor functional status at 3 months and 5.8 % being deceased.

Table 1
Demographics and medical history.

Total, n (%)

Number of patients 396
Number of cases, n 461
Patient demographics and medical history
Age, mean (SD)
Females, n (%)
Race
White, n (%)
African Amerian, n (%)
Asian, n (%)
Hispanic, n (%)
Unknown, n (%)
Hypertension, n (%)
Cardiovascular disease, n (%)
Use of antiplatelets only, n (%)
Use of anticoagulants only, n (%)
Use of both antiplatelets and anticoagulants, n (%)
Smoking, n (%)

70.1 (13.1)
137/461 (29.7)

291/461 (63.1)
111/461 (24.1)
26/461 (5.6)
8/461 (1.7)
25/461 (5.4)
336/454 (74.0)
200/444 (45.0)
156/416 (37.5)
59/416 (14.2)
42/416 (10.1)
68/435 (15.6)

SD, standard deviation.
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Table 2
Admission characteristics.
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Table 4
Follow-up and outcomes.

Total, n (%)

Total, n (%)

Admission clinical characteristics

Admission GCS, median (IQR)
Symptomatic, n (%)
Headache, n (%)
Altered mental status, n (%)
Weakness, n (%)
Paresthesia, n (%)
Seizure, n (%)
Other, n (%)
Admission radiographic characteristics
Laterality
Unilateral, Left, n (%)
Unilateral, Right, n (%)
Bilateral, n (%)
Acuity
Subacute, n (%)
Chronic, n (%)
Acute on Chronic, n (%)
Acute on Subacute, n (%)
Subacute on Chronic, n (%)
Admission CT findings
Homogeneous isodense, n (%)
Homogeneous hyperdense, n (%)
Homogeneous hypodense, n (%)
Mixed density, n (%)
Midline shift, mean mm (SD)
Hematoma thickness, mean mm (SD)
Hematoma area, mean cm? (SD)
Brain atrophy, n (%)

15 (14-15)
447/461 (97.0)
212/461 (46.0)
166/461 (36.0)
1307461 (28.2)
30/461 (6.5)
22/461 (4.8)
124/461 (26.9)

176/461 (38.2)
138/461 (29.9)
147/461 (31.9)

56/461 (12.1)
103/461 (22.3)
134/461 (29.1)
23/461 (5.0)
145/461 (31.5)

28/440 (5.5)
13/440 (3.0)
39/440 (8.9)
360/440 (81.8)
6.9 (5.0)

18.4 (7.0)

16.3 (7.7)
192/411 (46.7)

CT, computed tomography scan; IQR, interquartile range; SD, standard
deviation.

Table 3
Perioperative variables.

Total, n (%)

Surgical approach
Burr Hole(s), n (%) 298/461 (64.6)
1,n (%) 41/461 (8.9)
2, n (%) 257/461 (55.7)
Craniotomy, n (%) 152/461 (33.0)
Craniectomy, n (%) 11/461 (2.4)
Surgical complications

Total, n (%) 80/461 (17.4)
Bleeding, n (%) 2/461 (0.4)
Infection, n (%) 8/461 (1.7)

Postop seizures, n (%)
Retreatment*, n (%)
Other, n (%)

Postop CT

Findings

Complete evacuation/Persistent MLS, n (%) 7/449 (0.9)
Complete evacuation/No MLS, n (%) 25/449 (5.6)
Partial evacuation/Persistent MLS, n (%) 300/449 (66.8)
Partial evacuation/No MLS, n (%) 117/449 (26.1)

13/461 (2.8)
54/461 (11.7)
13/461 (2.8)

Hematoma thickness, mean mm (SD) 12.9 (5.9)
Hematoma area, mean cm? (SD) 8.7 (5.9)
Hematoma postop clearance rate, mean (SD) 0.4 (0.4)

CT, computed tomography scan; MLS, midline shift; Postop, postoperative; SD,
standard deviation. *Due to bleeding or insufficient hematoma evacuation or
recurrence.

3.1. Predictors of reoperation

Reoperation within 90 days was associated only with female sex (OR
=2.09,95% CI: 1.17-3.75, P = 0.013, Table 5). No other variable with a
p-value <0.1 was found to be entered into a multivariable logistic
regression model.

Postoperative clearance was not associated with reoperation within
90 days (P = 0.146). The ROC of postoperative clearance and no

Follow up CT

Duration, median months (IQR) 1.5 (1-3)
Findings
Complete evacuation/Persistent MLS, n (%) 9/383 (2.3)

Complete evacuation/No MLS, n (%)
Partial evacuation/Persistent MLS, n (%)
Partial evacuation/No MLS, n (%)

157/383 (41.0)
62/383 (16.2)
94/383 (24.5)

Recurrence 56/383 (14.6)
Hematoma thickness, median mm (IQR) 7.0 (0.0-11.6)
Hematoma area, median cm? (IQR) 2.9 (0-7.8)

Reoperation within 90 days, n (%)* 54/427 (12.6)

Follow up duration, median months (IQR) 2 (1-4)

mRS at 3 months**
0, n (%) 133/359 (37.0)
1, n (%) 85/359 (23.7)
2, n (%) 54/359 (15.0)
3, n (%) 33/359 (9.2)
4, n (%) 28/359 (7.8)
5, n (%) 5/359 (1.4)
6 (Death), n (%) 21/359 (5.8)

3-6, n (%) 87/359 (24.2)

CT, computed tomography scan; IQR, interquartile range; mRS, modified Rankin
Scale; MLS, midline shift. *Available for 92.6 % of cases.**Available for 77.9 %
of cases.

reoperation revealed an AUROC of 0.5126 (Supplemental Fig. 1).
Stratified analysis for treatment type subgroups and CSDH acuity
showed that AUROC curves were not significantly different (P = 0.819
and 0.946, respectively; Supplemental Figs. 2 and 3).

3.2. Predictors of functional outcome

The predictors of poor (3-6) mRS at 90 days via univariable and
multivariable logistic regression are presented in Table 6. In univariable
analysis, poor outcome was associated with age (P < 0.001), both an-
tiplatelet and anticoagulant use (P = 0.045), lower GCS (P = 0.007),
unilateral CSDH (P = 0.012), absence of headache (P < 0.001), pares-
thesia (P = 0.021), seizures (P = 0.007), AMS (P < 0.001), preoperative
thickness (P = 0.006), craniectomy (P = 0.026), postoperative thickness
(P = 0.032), follow-up thickness (P = 0.003), and follow-up hematoma
area (P = 0.004). Multivariable analysis identified two independent
predictors of poor functional outcome within 90 days: Female sex (OR =
3.90, 95 % CI: 1.57-9.70, P = 0.003) and AMS (OR = 5.19, 95 % CL:
2.15-12.52, P < 0.001) on admission.

4. Discussion

CSDH is one of the most prevalent neurosurgical diseases, but its
management is still controversial, considering the absence of random-
ized studies and evidence-based guidelines. We report an analysis of a
big cohort of 461 cases with CSDH treated surgically, focusing on pre-
dicting CSDH postoperative clearance, reoperation, and functional
outcome. We found that reoperation within 90 days is associated with
female sex, whereas female sex and AMS on admission independently
predict poor functional status at 3 months. This study presents 3-month
functional outcomes and reoperation rates among consecutive patients
with CSDH. It is one of the few to assess postoperative clearance and its
association with outcomes.

We observed an acceptable reoperation rate (12.6 %) compared to a
wide range of reported recurrence rates of 5-33 %.>’"'° However, the
literature is heterogenous, as some studies report recurrence as reac-
cumulation requiring evacuation. According to Lakomkin et al,® the
most common cause of readmission after CSDH evacuation was recur-
rent SDH (46.7 %). They found that hypertension requiring medication
and abnormal INR were predictors of readmission after CSDH.® Our
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Table 5
Univariable and multivariable predictors of reoperation within 90 days.
No reoperation (n = 373) Reoperation (n = 54) Univariable Multivariable
OR (95%CI) p-value OR (95%CI) p-value

Age, mean years (SD) 69.5 (13.0) 70.7 (12.7) 1.00 (0.98-1.03) 0.507 - -
Female, n (%) 103/373 (27.6) 24/54 (44.4) 2.09 (1.17-3.75) 0.013 2.09 (1.17-3.75) 0.013
Race, n (%)

Unknown 18/373 (4.8) 2/54 (3.7) Ref. Ref. - -

White 242/373 (64.9) 31/54 (57.4) 1.15 (0.25-5.20) 0.853 - -

African American 86/373 (23.1) 16/54 (29.6) 1.67 (0.35-7.93) 0.516 - -

Asian 20/373 (5.4) 4/54 (7.4) 1.8 (0.29-11.03) 0.525 - -

Hispanic 7/355 (1.9) 1/54 (1.9) 1.28 (0.09-16.53) 0.847 - -
Hypertension, n (%) 280/373 (75.1) 39/52 (75.0) 0.99 (0.50-1.94) 0.992 - -
CVD, n (%) 166/364 (45.6) 19/52 (36.5) 0.69 (0.37-1.25) 0.220 - -
Antiplatelet/Anticoagulant use, n (%)

Antiplatelet only 130/339 (38.3) 16/49 (32.7) 0.78 (0.42-1.46) 0.450 - -

Anticoagulant only 51/339 (15.0) 3/49 (6.1) 0.37 (0.11-1.23) 0.106 - -

Both 35/339 (10.3) 4/49 (8.2) 0.77 (0.26-2.26) 0.638 - -
GCS, median (IQR) 15 (14-15) 15 (14.5-15) 0.95 (0.81-1.11) 0.491 - -
Smoker, n (%) 53/361 (14.7) 6/47 (12.8) 0.85 (0.34-2.10) 0.726 - -
Bilateral SDH, n (%) 122/373 (32.7) 17/54 (31.5) 0.94 (0.51-1.74) 0.857 - -
Symptom, n (%)

Headache 176/373 (47.2) 28/54 (51.9) 1.20 (0.68-2.13) 0.521 - -

Weakness 107/373 (28.7) 13/54 (24.1) 0.78 (0.40-1.52) 0.482 - -

Paresthesia 23/373 (6.2) 1/54 (1.9) 0.28 (0.03-2.17) 0.227 - -

Seizure 21/373 (5.6) 0/54 (0) 0.221 (0-1.299) 0.109 - -

AMS 129/373 (34.6) 22/54 (40.7) 1.30 (0.72-2.33) 0.377 - -
SDH acuity, n (%)

Subacute 45/373 (12.1) 6/54 (11.1) 0.91 (0.36-2.25) 0.840 - -

Chronic 84/373 (22.5) 12/54 (22.2) 0.98 (0.49-1.95) 0.961 - -

Acute on Chronic 104/373 (27.9) 19/54 (35.2) 1.40 (0.76-2.56) 0.270 - -

Acute on Subacute 22/373 (5.9) 1/54 (1.9) 0.30 (0.03-2.27) 0.245 - -

Subacute on Chronic 118/373 (31.6) 16/54 (29.6) 0.90 (0.48-1.69) 0.767 - -
MLS, mean mm (SD) 6.9 (5.0) 7.3 (4.7) 1.01 (0.96-1.07) 0.572 - -
Thickness, mean mm (SD) 18.2 (7.0) 19.1 (7.7) 1.01 (0.97-1.05) 0.362 — —
Area, mean cm? (SD) 16.2 (7.7) 16.0 (7.0) 0.99 (0.95-1.03) 0.867 - -
Brain atrophy, n (%) 151/337 (44.8) 23/47 (48.9) 1.18 (0.64-2.17) 0.595 - -
Surgical approach, n (%)

1 Burr hole 34/373 (9.1) 3/54 (5.6) 0.58 (0.17-1.97) 0.390 - -

2 Burr holes 205/373 (55.0) 31/54 (57.4) 1.10 (0.62-1.96) 0.735 - -

Craniotomy 123/373 (33.0) 20/54 (37.0) 1.19 (0.66-2.16) 0.555 - -

Craniectomy 11/373 (3.0) 0/54 (0) 0.440 (0-2.761) 0.444 - -
Postop thickness, mean cm? (SD) 12.6 (5.5) 13.7 (7.5) 1.03 (0.98-1.08) 0.227 - -
Postop area, mean cm? (SD) 8.4 (5.5) 9.2 (6.4) 1.02 (0.97-1.07) 0.330 - -
Postop clearance, mean (SD) 0.4 (0.4) 0.3 (0.6) 0.63 (0.34-1.17) 0.146 - -

CVD, cardiovascular disease; GCS: Glasgow Coma Scale/Score; IQR, interquartile range; MLS, midline shift; OR, odds ratio; Postop, postoperative; SD, standard de-
viation; SDH: subdural hematoma.Bold values indicate statistical significance at p < 0.05.

findings suggest that only female sex was associated with reoperation
within 90 days. There are mixed findings in the literature regarding male
sex as a risk factor for the recurrence of CSDH. A systematic review and
meta-analysis by Mishra et al’ found that there was no association be-
tween gender and CSDH recurrence. The same study reported that
recurrence after CSDH was associated with age, anticoagulation and
antiplatelet therapy, diabetes, liver disease, obesity, seizures, bilateral
CSDH, brain atrophy, homogeneous, laminar, or separated hematoma,
MLS >10 mm, and hematoma thickness >20 mm.’ However, another
systematic review and meta-analysis by Zhu et al'® found that male sex
was a factor that correlates with postoperative recurrence of CSDH.
Among the 21 factors that were associated with postoperative recur-
rence, male sex, bilateral hematoma, and no drainage had convincing
evidence.'® Randomized trials or larger, multicenter studies of SDH
evacuation are needed to better evaluate the impact of surgery on CSDH
recurrence and reoperation rates.

Postoperative hematoma clearance was not associated with reoper-
ation in our study. According to Katsigiannis et al,'* the percentage of
hematoma drained correlated with recurrence, but did not indepen-
dently predict outcome after surgery for chronic SDH. Motiei-Langroudi
et al'? found that percent hematoma thickness change on postoperative
CT was a predictor of reoperation for patients with CSDH.

We found that female sex and AMS on admission were independent
predictors of poor 3-month functional outcome, suggesting that

admission symptoms may have long-term consequences on a patient’s
independence. Admission GCS was also associated with poor functional
outcome. Various studies have reported the association between poor
neurologic status on admission with worse outcomes in CSDH.'®!®
Weimer et al,'” in a prospective study, found that poor admission
neurological status, along with age, poor premorbid functional status,
history of smoking, and fever during hospitalization were independent
predictors of poor functional outcome at 3 months among patients
admitted with SDH. Leroy et al'® found that age, residual hematoma
thickness, and a low GCS score could independently predict outcome
after surgical evacuation for CSDH. They also reported that 28 % of
patients had a poor 3-month functional outcome (mRS 3-6), whereas sex
was not associated with poor outcome.'® Katsigiannis et al'* found that
preoperative neurological status, along with age, surgical technique,
and recurrence were independent predictors of functional outcome after
surgery for CSDH.

We also observed that long-term functional outcomes appear worse
for those on antiplatelets and anticoagulants, low GCS, paresthesia,
seizures, and absence of headache on admission, unilateral CSDH,
increased preoperative, postoperative, and follow-up thickness,
increased follow-up hematoma area, and craniectomy. Kwon et al'®
found that age, hematoma thickness, MLS, blood thinners, positive
Babinski response, disorientation, and motor deficits were associated
with poor mRS at 6 months after unilateral burr-hole evacuation for
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Table 6
Univariable and multivariable predictors of poor functional outcome at 90 days.
Good outcome (n = 272) Poor outcome (n = 87) Univariable Multivariable
OR (95%CI) p-value OR (95%CI) p-value

Age, mean years (SD) 67.7 (12.4) 74.2 (12.5) 1.04 (1.02-1.07) <0.001 1.03 (0.99-1.07) 0.071
Female, n (%) 74/272 (27.2) 33/87 (37.9) 1.63 (0.98-2.71) 0.058 3.90 (1.57-9.70) 0.003
Race, n (%)

Unknown 13/272 (4.7) 3/87 (3.4) Ref. Ref. - -

White 180/272 (66.1) 51/87 (58.6) 1.22 (0.33-4.47) 0.756 - -

African American 59/272 (21.6) 23/87 (26.4) 1.68 (0.44-6.48) 0.445 - -

Asian 14/272 (5.1) 9/87 (10.3) 2.78 (0.61-12.59) 0.183 - -

Hispanic 6/272 (2.2) 1/87 (1.1) 0.72 (0.06-8.46) 0.796 - -
Hypertension, n (%) 202/271 (74.5) 65/84 (77.3) 1.16 (0.65-2.08) 0.598 - -
CVD, n (%) 116/268 (43.2) 43/81 (53.1) 1.48 (0.90-2.44) 0.122 - -
Antiplatelet/Anticoagulant use, n (%)

Antiplatelet only 93/248 (37.5) 30/75 (40) 1.01 (0.60-1.68) 0.960 - -

Anticoagulant only 37/248 (14.9) 10/75 (13.3) 0.82 (0.39-1.73) 0.612 - -

Both 23/248 (9.2) 14/75 (18.6) 2.07 (1.01-4.23) 0.045 2.37 (0.65-8.55) 0.186
GCS, median (IQR) 15 (15-15) 15 (14-15) 0.84 (0.74-0.95) 0.007 0.83 (0.67-1.03) 0.097
Smoker, n (%) 32/267 (11.9) 11/79 (13.9) 1.18 (0.56-2.48) 0.647 - -
Bilateral SDH, n (%) 89/272 (32.7) 16/87 (18.3) 0.46 (0.25-0.84) 0.012 0.69 (0.27-1.77) 0.451
Symptom, n (%)

Headache 148/272 (54.4) 25/87 (28.7) 0.33 (0.20-0.56) <0.001 0.67 (0.28-1.63) 0.384

Weakness 78/272 (28.6) 23/87 (26.4) 0.89 (0.51-1.54) 0.686 - -

Paresthesia 12/272 (4.4) 10/87 (11.4) 2.81 (1.17-6.76) 0.021 2.34 (0.32-16.73) 0.395

Seizure 6/272 (2.2) 8/87 (9.2) 4.48 (1.51-13.32) 0.007 3.22(0.12-81.17) 0.476

AMS 83/272 (30.5) 46/87 (52.8) 2.55 (1.55-4.18) <0.001 5.19 (2.15-12.52) <0.001
SDH acuity, n (%)

Subacute 36/272 (13.2) 8/87 (9.2) 0.66 (0.29-1.48) 0.320 - -

Chronic 69/272 (25.3) 17/87 (19.5) 0.71 (0.39-1.29) 0.269 - -

Acute on Chronic 75/272 (25.5) 28/87 (32.1) 1.24 (0.73-2.10) 0.408 - -

Acute on Subacute 17/272 (6.2) 3/87 (3.4) 0.53 (0.15-1.87) 0.328 - -

Subacute on Chronic 75/272 (27.5) 31/87 (35.6) 1.45 (0.87-2.42) 0.153 - -
MLS, mean mm (SD) 6.9 (4.9) 7.7 (5.3) 1.03 (0.98-1.08) 0.191 - -
Thickness, mean mm (SD) 17.8 (6.9) 20.2 (7.4) 1.04 (1.01-1.08) 0.006 0.98 (0.91-1.05) 0.610
Area, mean cm? (SD) 15.9 (7.5) 17.5(7.8) 1.02 (0.99-1.06) 0.097 1.04 (0.97-1.13) 0.227
Brain atrophy, n (%) 112/253 (44.2) 40/70 (57.1) 1.67 (0.98-2.86) 0.058 0.73 (0.30-1.74) 0.482
Surgical approach, n (%)

1 Burr hole 25/272 (9.1) 7/87 (8) 0.86 (0.36-2.07) 0.744 - -

2 Burr holes 157/272 (57.7) 42/878 (48.2) 0.68 (0.42-1.10) 0.124 - -

Craniotomy 85/272 (31.2) 32/87 (36.7) 1.28 (0.77-2.12) 0.339 - -

Craniectomy 5/272 (1.8) 6/87 (6.9) 3.95 (1.17-13.29) 0.026 1.31 (0.17-9.97) 0.788
Postop thickness, mean cm? (SD) 12.5 (5.6) 14.1 (7.2) 1.04 (1.00-1.08) 0.032 1.00 (0.89-1.13) 0.880
Postop area, mean cm? (SD) 8.2 (5.2) 9.6 (7.3) 1.03 (0.99-1.07) 0.073 0.95 (0.84-1.07) 0.477
Follow-up thickness, mean (SD) 6.6 (6.2) 9.5(8.1) 1.06 (1.02-1.10) 0.003 1.03 (0.92-1.16) 0.507
Follow-up area, mean cm? (SD) 4.1 (4.8) 6.4 (7.3) 1.06 (1.02-1.11) 0.004 1.02 (0.90-1.17) 0.682
Postop clearance, mean (SD) 0.4 (0.3) 0.3 (0.5) 0.90 (0.50-1.61) 0.729 - -
Reoperation within 90 days, n (%) 32/272 (11.7) 14/76 (18.4) 1.69 (0.85-3.36) 0.133 - -

CVD, cardiovascular disease; GCS: Glasgow Coma Scale/Score; IQR, interquartile range; MLS, midline shift; OR, odds ratio; Postop, postoperative; SD, standard de-
viation; SDH: subdural hematoma.Bold values indicate statistical significance at p < 0.05.

CSDH. Sex was not associated with poor functional outcome.'® Ro et al*’
reported functional outcome 3 months after burr-hole craniostomy for
CSDH. They found that patients with severe preoperative neurologic
deficits and older patients had poor mRS, patients with iso-density had
better mRS, whereas the mRS of male patients was non-significantly
better.

5. Limitations

This is a single-center, retrospective study. Therefore, the findings
may not be generalizable to other institutions with varying patient
populations. Including all variations of CSDH introduces heterogeneity
and confounding to the data, which we addressed by including chro-
nicity, CT findings, and surgical approach to the analyses, and by
stratifying AUCs. Thus, our study population is likely to show worse
outcomes when compared to cohorts of only CSDH. The thickest slice
was used for postoperative hematoma clearance, instead of hematoma
volumes, which may be different pre and postoperatively and not uni-
form throughout the hematoma. No data on head trauma were collected.
Long-term follow-up SDH measurements vary based on when CT was
performed, whereas some patients were lost to follow-up. Finally, the

study’s observational nature may involve selection bias regarding which
patients were offered surgical evacuation; different surgeons have
different thresholds for operation and reoperation.

6. Conclusion

We report an analysis of outcomes after surgical evacuation of CSDH.
Reoperation within 90 days is associated with female sex, whereas AMS
on admission and female sex independently predict 3-month poor
functional status. Careful management of patients with those factors
may reduce CSDH reoperation and improve long-term functional out-
comes. Also, understanding risk factors leading to reoperation may help
in determining indications for new treatment options such as endovas-
cular embolization for SDH. However, larger randomized studies of SDH
evacuation in patients are necessary to assess long-term prognosis after
surgical evacuation.
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