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Long-term outcome of stereotactic aspiration, endoscopic
evacuation, and open craniotomy for the treatment of
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Background: To compare the long-term therapeutic effects of stereotactic aspiration (SA), endoscopic
evacuation (EE), and open craniotomy (OC) in the surgical treatment of spontaneous basal ganglia
hemorrhage and explore the appropriate clinical indications for each technique.

Methods: Multiple-treatment inverse probability of treatment weighting (IPTW)-adjusted logistic
regression analysis was performed to evaluate the therapeutic effects of these techniques. The primary and
secondary outcomes were 6-month modified Rankin Scale (mRS) and mortality rates, respectively.

Results: A total of 703 patients were ultimately enrolled. For the entire cohort, the 6-month mortality
rate was significantly higher (OR 2.396, 95% CI: 1.865-3.080), and the 6-month functional outcome was
significantly worse (OR 1.359, 95% CI: 1.091-1.692) for SA than that of EE. The 6-month mortality rate
for OC was significantly higher (OR 1.395, 95% CI: 1.059-1.837) than that of EE. Further subgroup
analysis was stratified by initial hematoma volume and Glasgow Coma Scale (GCS) score. The mortality
rate for SA was significantly higher for patients with hematoma volume of 20-40 mL (OR 6.226, 95% CI:
3.848-10.075), 40-80 mL (OR 2.121, 95% CI: 1.492-3.016), and >80 mL (OR 5.544, 95% CI: 3.315-9.269)
than in the same subgroups of EE. The functional outcomes for SA were significantly worse than that of
EE for hematoma volume subgroups of 40-80 mL (OR 1.424, 95% CI: 1.039-1.951) and >80 mL (OR
4.224, 95% CI: 1.655-10.776). The mortality rate for SA was significantly higher than that of EE for the
GCS score subgroups of 6-8 (OR 2.082, 95% CI: 1.410-3.076) and 3-5 (OR 2.985, 95% CI: 1.904-4.678).
The mortality rate for OC was significantly higher for the GCS score of 3—5 subgroup (OR 1.718, 95% CI:
1.115-2.648), and a tendency for a higher mortality rate of 6-8 subgroup (OR 1.442, 95% CI: 0.965-2.156)
than that of EE.

Conclusions: EE can decrease the 6-month mortality rate and improve the 6-month functional outcomes
of spontaneous basal ganglia hemorrhage in patients with a hematoma volume >40 mL. EE can decrease the

6-month mortality rate of spontaneous basal ganglia hemorrhage in patients with a GCS score of 3-8.

Keywords: Basal ganglia hemorrhage; minimally invasive surgery; endoscopic evacuation; open craniotomy (OC);

propensity score
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Introduction

Spontaneous intracerebral hemorrhage (ICH) is the most
common and fatal hemorrhagic stroke with the highest
rate of morbidity and mortality among all types (1). The
overall mortality rate of ICH within 30 days after onset is
>30% (2), and only 25% of patients can live independently
at 6 months (3). It imposes huge health and economic
burden on families and societies (4).

Conservative treatment and surgical evacuation are the
main treatments for spontaneous ICH (5). The mass effect
of the hematoma and the toxic effects of blood degradation
products on the surrounding tissues can be alleviated by
surgical evacuation of the hematoma when necessary.

Currently, the main surgical treatments of supratentorial
spontaneous ICH are stereotactic aspiration (SA),
endoscopic evacuation (EE), and open craniotomy (OC).
It is believed that patients with particular characteristics
[e.g., Glasgow Coma Scale (GCS) score and hematoma
volume] might benefit from different surgical treatments (6).
However, the patients enrolled in previous studies have been
highly heterogeneous or chosen for a certain characteristic
(7-9). Furthermore, subgroup analysis of patients with ICH
according to hematoma volume and GCS scores remains
insufficient, and the ideal candidate for each surgery has not
been determined (10,11).

To that end, we conducted a retrospective study with
inverse probability of treatment weighting (IPTW)-adjusted
analysis to compare the 6-month function outcomes and
6-month mortality rates of patients with basal ganglia
hemorrhage who underwent surgical treatment. Further
subgroup analysis took the GCS score and the hematoma
volume as stratified factors to explore the long-term efficacy
of the three surgical methods and the appropriate clinical
indications for each surgical technique.

We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-1612).

Methods
Study design and population

The purpose of this study was to compare long-term
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outcomes, including the 6-month modified Rankin Scale
(mRS) score and 6-month mortality rate in the patients with
spontaneous basal ganglia hemorrhage who received one
of the following surgical techniques: SA, EE, and OC. The
medical records of all patients diagnosed as ICH at Tangdu
Hospital between January 1, 2015, and December 30, 2019,
were reviewed retrospectively. This study was approved by
the Biological and Medical Ethics Committee of Tangdu
Hospital (No. TDLL-2014115), and the requirement for
informed consent was waived. The study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013). Patients were selected according to the following
inclusion and exclusion criteria.

Inclusion criteria

(I Age>20 years old;

(I) Diagnosed with spontaneous basal ganglia hemorrhage
by computed tomography (CT);

(IIT) Hematoma volume >20 mL;

(IV) Underwent SA, EE, or OC;

(V) Hospitalized within 24 h after onset.

Exclusion criteria

() Hemorrhage caused by secondary factors (arteriovenous
malformation, intracranial aneurysm, coagulopathy,
intracranial tumor, or trauma);

) Multiple ICHs;

(I) Known to have advanced dementia or disability before
ICH;

(IV) Any severe illnesses that would interfere with
assessment of prognosis, including cardiac, hepatic,
renal, gastroenterological, respiratory, endocrinological,
immunological, or hematological disease;

(V) Using antiplatelet or anticoagulant drugs or had
concurrent coagulation disorders;

(VI) Brain stem affected by hematoma;

(VII) Refusal or loss of follow-up.

Treatments

All patients received standard medical treatments in a
dedicated stroke unit according to the recommendations
of the American Heart Association/American Stroke
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Association (AHA/ASA). CT scans, routine blood tests,
coagulation function tests, and biochemical examinations
were performed immediately after admission. In addition,
the results of neurological physical examination and medical
history of the patients were recorded immediately on
admission, and vital signs were monitored.

Surgical procedures

An experienced surgical team performed all operations.
According to the patient’s general condition, lifesaving
treatment would be conducted if necessary, including
decompressive craniotomy, lumbar puncture, external
lumbar drainage, and tracheotomy. The principle of
minimal invasiveness was followed in all operations. The
surgical procedure was based on the methods described
in previous studies (12-14). In addition, a CT scan was
performed for each patient 24 h after surgery to evaluate
the effect of hematoma evacuation.

In the clinical treatment process, surgeons emergent
selected the surgical technique according to the volume,
location, and progression of the hematoma, the patient’s
general condition, the patient’s family’s wishes, and the
surgeons’ experience. For patients with larger hematoma
volume or lower GCS scores, the probability of intracranial
hypertension or cerebral herniation is higher during the
operation, surgeons might more quickly manage the
emergent intraoperative intracranial hypertension or
cerebral herniation when choosing OC.

For the SA procedure, a stereotactic head frame or
scale was used to locate the hematoma position according
to the preoperative CT scan, avoiding important blood
vessels and functional areas. A burr hole was drilled (=1
cm in diameter) under general anesthesia. After the dura
was incised, a soft catheter was inserted along the long
axis of the hematoma to a predetermined depth. The clot
was pumped with a syringe until the first resistance. A
postoperative CT scan was performed to determine the
location of the catheter and the stability of the residual
hematoma. Urokinase was then injected directly into the
hematoma cavity through the catheter at a dose of 10,000
30,000 units/2 mL, followed by 3 mL rinsing every 12 h
for 2-4 days. According to the CT scan, the extubation
time was determined according to the drainage volume, the
color of the drainage fluid, and the condition. The drainage
tube was generally retained for 2-7 days.

For the EE procedure, a transtemporal or transfrontal
approach was selected following the principle of the route
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that provided the shortest distance between the cortical
surface and the hematoma according to the preoperative
CT scan. The skin was incised under general anesthesia,
and a bone flap around 3 cm in diameter was drilled. The
dura mater was incised in a cruciate fashion, the puncturing
cannula was placed in a predetermined position of the
hematoma cavity, and then the cannula’s core was removed.
The clot was aspirated with a syringe, and the position
of the transparent sheath adjusted as required. Rinsing
and aspiration were repeated to evacuate the hematoma
as much as possible, without damaging the blood vessel
wall, surrounding brain tissue, or causing new bleeding,
to achieve the purpose of effectively reducing intracranial
pressure.

For the OC procedure, the neurosurgeon performed a
traditional craniotomy under microscopic guidance, and
the transcortical or transtemporal approach was adopted
to evacuate the hematoma. In addition, decompressive
craniotomy and tracheotomy were conducted if necessary.

Data collection and outcomes evaluation

Basic information (sex, age, diagnosis, etc.) was provided
by the patient information management department
of the hospital. In addition, the following information
was collected from the inpatient medical record system:
(I) disease history (diabetes, smoking, hypertension)
and history of craniocerebral disease including cerebral
hemorrhage, cerebral infarction, and traumatic brain injury;
(II) treatment information (surgical method, decompressive
craniectomy, lumbar puncture, external lumbar drainage,
tracheotomy, rehabilitation treatment); and (III)
preoperative status of the patient (hematoma volume, GCS
score, herniation, interval between onset and operation).
No ethnic-based differences were shown in the present
study.

The hematoma volume was calculated using the formula
A*B*C/2, where A is the greatest diameter on the largest
hemorrhage slice, B is the maximal diameter perpendicular
to A, and C is the vertical hematoma depth.

The patients were followed up by telephone at 1, 3,
and 6 months to record their prognostic information after
surgery. The primary outcome was the 6-month functional
outcome evaluated by the mRS score: 0-3 was regarded as
good; 4-6 was regarded as poor. The secondary outcome
was the 6-month mortality rate. Further subgroup analyses
of functional outcome and mortality were stratified by
hematoma volume (>20-40 mL, >40-80 mL, >80 mL) and
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GCS score [3-5, 6-8, 9-14].

Statistical analysis

All variables were converted to categorical variables and
presented as frequency (percentages). One-way ANOVA
and chi-square tests were used for univariate comparison.
Firstly, the chi-square test was adopted to identify the
primary and secondary outcomes and surgical type factors.
"To minimize the confounding effect from other risk factors,
a propensity score weighting for multiple treatments was
performed when the risk effect of surgical type on the
primary and secondary outcomes was estimated. Covariates,
including sex, age, diabetes, smoking, hypertension,
hypertension grade, history of the craniocerebral disease,
decompressive craniectomy, lumbar puncture, external
lumbar drainage, tracheotomy, rehabilitation treatment
information, hematoma volume, GCS score, herniation,
and the interval between onset and operation were used for
calculation of the propensity score by Toolkit for Weighting
and Analysis of Nonequivalent Groups (twang package in
R). The inverse probability of weights of the propensity
scores were calculated by a generalized boosted model
with 5000 regression trees to obtain the optimal balance of
the propensity score among groups (b<0.20 was indicative
of good balance of model, Figures S1-S7) (15). Then,
hypothesis tests (¢-test or chi-square test) and standardized
mean differences were performed to evaluate the effect of
weights on the magnitude of each confounding factors in
the IPTW model (16). Finally, the inverse probability of
treatment weighted odds ratio (IPTW-OR) was derived for
the surgical groups, and all the enrolled cases were included
in the final effect analysis. In the subgroup analysis, a similar
I[P TW-adjusted logistic regression analysis was adopted.
However, the adjusted covariates in each subgroup were not
consistent because the primary and secondary outcome’s
risk factors in different subgroups were not totally the same,
and the grouping factor of the subgroup analysis was not
included in the IPTW model (Figures S8-S14). In addition,
due to the limitation of the number of patients who
underwent OC enrolled in GCS score 9-14 and hematoma
volume of 20-40 mL subgroups, and the imbalance of those
subgroups, the therapeutic effect between OC and EE in
those subgroups were not been evaluated.

Analysis was performed using SAS 9.4 (SAS Institute,
Inc., Cary, NC, USA) and R 3.2.4 (R Foundation for
Statistical Computing, Vienna, Austria).
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Results
Patient numbers

1786 supratentorial spontaneous ICH patients were
hospitalized from January 1, 2015, to December 30, 2019.
Of them, 1012 meet the inclusion criteria, 241 were
excluded for not meeting the selection criteria, and 68 were
excluded for incomplete essential information. Finally, a
total of 703 patients were enrolled in this study (Figure I).

Basic characteristics

In the entire cohort, 343 patients were enrolled in the
SA group, 212 in the EE group, and 148 in the OC
group; 446 were male, and 261 patients were >60 years
old. The numbers of patients with a history of diagnosed
diabetes, smoking, craniocerebral disease, and diagnosed
hypertension were 48 (6.83%), 408 (58.04%), 89 (12.66%),
and 575 (81.79%), respectively. In addition, preoperative
cerebral herniation occurred in 128 (18.21%) patients
(Table 1). The mean age, GCS score, the interval between
onset and operation, and hematoma volume of the
entire cohort were 56.74+11.07 years, 7.88+3.04 points,
15.81+14.16 h, and 59.32+29.88 mL, respectively.

Intergroup equilibrium analysis was conducted to
identify the potential confounding factors. GCS score
(P<0.0001), smoking (P<0.0001), herniation (P<0.0001),
the interval between onset and operation (P<0.0001),
hematoma volume (P<0.0001), rehabilitation treatment
(P<0.0001), decompressive craniectomy (P<0.0001),
tracheotomy (P<0.0001), and lumbar puncture (P<0.0001)
were unbalanced variables in the entire cohort. Detailed
information regarding the basic characteristics of the entire
cohort is presented in 7able 1, and the information of each
subgroup is presented in Tables S1 and S2.

The characteristics that needed adjustments were
incorporated into the multivariate IPTW-adjusted
logistic regression analysis to minimize the influence of
confounding factors. Detailed information regarding
the adjusted covariates and balance in each subgroup is
presented in Figures S8-514.

Outcome assessment of entire cobort

In the entire cohort, the 6-month poor functional outcome
(mRS score >3) rate was 55.76% (392/703 patients), and the
6-month mortality rate was 32.57% (229/703 patients). The
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1,786 consecutive ICH patients
(2015.01.01-2019.12.30)

774 patients do not meet the
inclusion criteria

1,012 patients meet the

inclusion criteria

241 patients meet the exclusion criteria.
28 patient’s hemorrhage was caused by secondary factors.
29 patients were multiple intracerebral hemorrhages.
32 patients were known to have advanced dementia or
disability before ICH.
37 patients had severe ilinesses.

had concurrent coagulation disorders.
14 patient’s brain stem was affected by hematoma.
56 patients refuse or lose of follow-up.

68 patients were excluded

45 patients were using antiplatelet or anticoagulant drugs or

for lacking of essential
information

703 patients were enrolled

343 patients were enrolled
in the stereotactic aspiration
group

212 patients were enrolled in
the endoscopic evacuation

148 patients were enrolled in
the open craniotomy group

group

Figure 1 Flowchart of patient selection in this study.

numbers of patients who had a poor functional outcome
in the SA, EE, and OC groups were 181 (52.77%), 94
(44.34%), and 117 (79.05%), respectively. The mortality
rate in the SA, EE, and OC groups was 124 (36.15%), 34
(16.04%), and 71 (47.97%), respectively. The 6-month
mRS score of the entire cohort is presented in Figure S15A.

Multivariate logistic regression analysis showed that the
6-month functional outcome was significantly worse [odds
ratio (OR) 1.746, 95% CI: 1.135-2.686], and the 6-month
mortality rate was significantly higher (OR 3.045, 95% CI:
1.831-5.062) in the SA group than in the EE group. On
the other hand, there was no significant difference in the
6-month functional outcome (OR 0.768, 95% CI: 0.358-
1.648) and mortality (OR 1.422, 95% CI: 0.781-2.588)
observed between the OC and EE groups (7able 2).

After IPTW adjustment, the results showed that the
6-month functional outcome was significantly worse
(OR 1.359, 95% CI: 1.091-1.692) and the 6-month
mortality rate significantly higher (OR 2.396, 95% CI:
1.865-3.080) in the SA group than in the EE group. The
6-month mortality rate was significantly higher (OR 1.395,
95% CI: 1.059-1.837) in the OC group than in the EE
group. However, no significant difference in the 6-month
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functional outcome was observed between the EE and OC
groups (OR 0.956, 95% CI: 0.765-1.194; Tuble 2).

Outcome assessment by bematoma volume

Subgroup analysis was performed using the hematoma
volume on admission. The distributions of 6-month mRS
scores in each hematoma volume subgroup are presented in
Figure S15B-S15D.

For the patients with a 20-40 mL hematoma volume, the
6-month mortality rate in the SA group was significantly
higher (OR 6.226, 95% CI: 3.848-10.075) than in the EE
group. In addition, the patients treated by SA also showed a
tendency of worse functional outcomes (OR 1.453, 95% CI:
0.952-2.217).

For the patients with a hematoma volume of 40-
80 mL, the 6-month functional outcome was significantly
worse (OR 1.424, 95% CI: 1.039-1.951), and the 6-month
mortality was significantly higher (OR 2.121, 95% CI:
1.492-3.016) in the SA group in the EE group. On the
other hand, there was no significant difference between the
EE and OC groups in the 6-month functional outcome (OR
0.894, 95% CI: 0.629-1.269) or mortality rate (OR 1.039,
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Table 1 The inter-group balance tests of possible confounding factors among different surgical techniques

Surgical methods

Characteristic Classification
Total (n=703) (%)  SA (n=343) (%) EE (n=212) (%) OC (n=148) (%) P value
Sex Male 446 (63.44) 212 (61.81) 135 (63.68) 99 (66.89) 0.5600
Age (years) >60 261 (37.13) 134 (39.07) 76 (35.85) 51 (34.46) 0.5620
GCS score 3-5 176 (25.04) 61 (17.78) 23 (10.85) 92 (62.16) <0.0001*
6-8 258 (36.70) 110 (32.07) 98 (46.23) 50 (33.78)
9-14 269 (38.26) 172 (50.15) 91 (42.82) 6 (4.05)
Smoking Yes 408 (58.04) 232 (67.64) 95 (44.81) 81 (54.73) <0.0001*
Diabetes Yes 48 (6.83) 27 (7.87) 14 (6.60) 7 (4.73) 0.4430
Hypertension Yes 575 (81.79) 283 (82.51) 175 (82.55) 117 (79.05) 0.6238
Hypertension grade 0 128 (18.21) 60 (17.49) 37 (17.45) 31 (20.95) 0.1072
1 6 (0.85) 1(0.29) 1(0.47) 4 (2.70)
2 48 (6.83) 28 (8.16) 12 (5.66) 8 (5.41)
3 521 (74.11) 254 (74.05) 162 (76.42) 105 (70.95)
History of craniocerebral Yes 89 (12.66) 42 (12.24) 24 (11.32) 23 (15.54) 0.4705
disease
Herniation Yes 128 (18.21) 34 (9.91) 17 (8.02) 77 (52.03) <0.0001*
Interval between onset <12 hours 341 (48.51) 153 (44.61) 85 (40.09) 103 (69.59) <0.0001*
and operation (hours) 12-24 hours 254 (36.13) 128 (37.32) 96 (45.28) 30 (20.27)
>24 hours 108 (15.36) 62 (18.08) 31 (14.62) 15(10.14)
Hematoma volume (mL) >20-40 195 (27.74) 151 (44.02) 38 (17.92) 6 (4.05) <0.0001*
>40-80 353 (50.21) 149 (43.44) 134 (63.21) 70 (47.30)
=80 155 (22.05) 43 (12.54) 40 (18.87) 72 (48.65)
Rehabilitation treatment PRT 284 (40.40) 131 (39.19) 101 (47.64) 52 (35.14) <0.0001*
NPRT 152 (21.62) 74 (21.57) 58 (27.36) 20 (13.51)
NRT 69 (9.82) 29 (8.45) 25 (11.79) 15 (10.14)
mortality 198 (28.17) 109 (31.78) 28 (13.21) 61 (41.22)
Decompressive Yes 160 (22.76) 25 (7.29) 15 (7.08) 120 (81.08) <0.0001*
craniectomy
Tracheotomy Yes 146 (20.77) 55 (16.03) 40 (18.87) 51 (34.46) <0.0001*
Lumbar puncture Yes 207 (29.45) 61 (17.78) 99 (46.70) 47 (31.76) <0.0001*
External lumbar drainage Yes 78 (11.10) 35 (10.20) 26 (12.26) 17 (11.49) 0.7435
Re-operation Yes 35 (4.98) 20 (5.83) 6 (2.83) 9 (6.08) 0.2259

*, the difference has statistical significance. SA, stereotactic aspiration; EE, endoscopic evacuation; OC, open craniotomy; GCS, glasgow
coma scale; PRT, professional rehabilitation treatment; NPRT, un-professional rehabilitation treatment; NRT, no rehabilitation treatment.
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95% CI: 0.693-1.559).

For the patients with a hematoma volume >80 mL, the
6-month functional outcome was significantly worse (OR
4.224, 95% CI: 1.655-10.776) and the 6-month mortality
significantly higher (OR 5.544, 95% CI: 3.315-9.269) in
the SA group than in the EE group. Compared with the
EE group, the 6-month mortality in the OC group was
significantly higher (OR 2.009, 95% CI: 1.251-3.226).
However, no significant difference existed between OC and
EE groups in the 6-month functional outcome (OR 0.967,
95% CI: 0.506-1.850; Figure 2).

Outcome assessment by GCS score

Subgroup analysis was performed according to the GCS
score on admission. The distribution of the 6-month
mRS scores in each GCS score subgroup is presented in
Figure S15E-S15G.

For patients with GCS scores 3-5, the 6-month mortality
rate in the SA group was significantly higher (OR 2.985,
95% CI: 1.904-4.678) than that in the EE group. However,
no significant difference was found in 6-month functional
outcomes between the SA and EE groups (OR 1.868,
95% CI: 0.885-3.940). Compared with the EE group, the
6-month mortality rate of the OC group was significantly
higher (OR 1.718, 95% CI: 1.115-2.648). However, no
significant difference was observed in 6-month functional
outcomes between the OC and EE groups (OR 0.980, 95%
CI: 0.515-1.866).

For the patients with GCS score 6-8, the 6-month
mortality of the SA group was significantly higher (OR 2.082,
95% CI: 1.410-3.076) than that of the EE group. However,
there was no significant difference in 6-month functional
outcomes between the SA and EE groups (OR 1.206, 95%
CI: 0.834-1.744). Compared with the EE group, the OC
group tended for a higher mortality rate (OR 1.442, 95%
CI: 0.965-2.156), although no significant difference was
observed. In addition, there was no significant difference in
6-month functional outcomes (OR 0.802, 95% CI: 0.554—
1.163) between the OC and EE groups.

For the patients with GCS score 9-14, no significant
difference was found in the 6-month functional outcomes
and mortality rates between the SA and EE groups.
However, a tendency for the worse 6-month functional
outcome (OR 1.323, 95% CI: 0.918-1.907) and higher
mortality rate (OR 1.523, 95% CI: 0.929-2.496) were
observed in the SA group, compared with the EE group
(Figure 2).
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Discussion

This study aimed to evaluate the long-term therapeutic
effect of patients with spontaneous basal ganglia hemorrhage
who underwent SA or EE or OC surgical treatment. As
indicated by our data, EE decreased the 6-month mortality
rate and improved the 6-month functional outcomes of
spontaneous basal ganglia hemorrhage in patients with a
hematoma volume >40 mL. In addition, EE also decreased
the 6-month mortality of spontaneous basal ganglia
hemorrhage in patients with GCS scores 3-8.

A previous study found that the GCS score and
hematoma volume were the significant independent
predictors of death in ICH patients (17). In this present
study, subgroup analysis was conducted to explore the
appropriate surgical treatment for patients with various
GCS scores and hematoma volumes on admission.
According to the initial GCS score [3-5, 6-8, 9-14] and
hematoma volume (>20-40 mL, >40-80 mL, >80 mL),
patients were further divided into six subgroup.

The results of specific subgroup analysis showed that in
the GCS score 3-5 subgroup, the 6-month mortality rates
of the SA and OC groups were significantly higher than
that of the EE group. In the GCS score 6-8 subgroup, the
6-month mortality rate in the SA group was significantly
higher, and there was a tendency of higher mortality in the
OC group compared with the EE group. This suggested
that, for patients with a GCS score of 3-8, EE may be the
most appropriate surgical method among the three different
techniques. In the hematoma volume of 40-80 mL and
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>80 mL subgroups, the 6-month functional outcomes were
significantly worse, and the mortality rate was significantly
higher in the SA group than in the EE group. In the
hematoma volume >80 mL subgroup, the mortality rate was
significantly higher in the OC group than in the EE group.
This suggested that, with a hematoma volume of 40-80 mL,
EE or OC may be more appropriate, but for hematoma
volume >80 mL, EE may be the most appropriate
surgical method. Those results may help to determine the
appropriate indications for each surgical method.

One thing worth noting is that compared with SA, EE
could significantly improve functional outcomes in the
patients with a hematoma volume >40 mL, which is different
from our previous study (18). In this study, the proportion of
mRS =3 in the SA, EE, and OC groups of the entire cohort
was 20.4%, 32.5%, and 18.2%, respectively. The proportion
of mRS =3 in the EE group was much higher than in the
other two surgical groups. When mRS =3 was attributed
to good functional outcomes, we found that EE could
decrease the 6-month mortality rate and improve functional
outcomes compared with the SA groups. However, there was
no significant difference in functional outcomes between the
EE and SA in the subgroup analysis of GCS score.

Brain injury caused by ICH includes primary and
secondary injury. Primary brain injury is mainly caused by
direct traumatic damage to the regional neurons during
the hematoma formation (19). The GCS score mainly
shows brain injury severity (20). The lower the GCS
score on admission, the more serious the direct traumatic
damage to the regional neurons. Our results showed no
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significant difference among the three surgical methods
in the subgroup analysis according to the GCS score on
admission. One possible explanation for this result is that
surgery cannot alleviate the direct neuronal damage caused
by primary brain injury.

On the other hand, secondary brain injury is mainly
caused by a cascade of events initiated by the hematoma and
its degradation products, resulting in insufficient cerebral
blood supply, increased intracranial pressure, and cerebral
hernia (21). Clinical evidence shows that the risk of death
from secondary brain injury is higher than for primary
brain injury, leading to the deterioration of neurological
function or even death (22,23). In the subgroup analysis
of hematoma volume, the results showed a significant
difference in functional outcome between SA and EE in the
patients with a hematoma volume >40 mL, but there was no
significant difference between OC and EE. The reason may
be that both OC and EE have a high evacuation rate, thus
effectively preventing secondary brain injury. In contrast,
SA usually takes several days to remove the hematoma (24),
leading to residual hematoma and perihematomal edema
that continue to damage the brain tissue.

Recently, the results of the MISTIE IIT (Minimally
Invasive Surgery Plus Rt-PA for ICH Evacuation) study
showed that the MISTIE procedure was safe. However, the
percentage of patients with a favorable functional outcome
according to mRS (0-3) at 12 months in the surgical
treatment group (44.2%) was not significantly larger than
that in the conservative treatment group (41.7%) (25).
However, secondary results suggest that surgical treatment
can slightly reduce the mortality rate (25). Furthermore,
our results showed that the therapeutic effect of EE was
better than that of SA, which is probably because EE
has the same minimally invasive characteristics as SA
and has the advantages of high hematoma clearance rate,
short operation time, and direct visualization (26,27).
Interestingly, subgroup analysis in the MISTIE III trial
showed that patients with postoperative residual hematoma
<15 mL had better neurological outcomes than patients
with residual hematoma >15 mL (28). This suggests that
residual hematoma and perihematomal edema are related
to the prognosis of neurological function. Further studies
are needed to explore the relationship between residual
hematoma volume, perihematomal edema, and prognosis
with the different surgical methods.

Nevertheless, this study had several limitations that
need to be acknowledged. First, it was retrospective, so the
possibility of selection bias cannot be ruled out. IPTW-
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adjusted logistic regression analysis was conducted to
minimize the influence of confounding factors between
surgical groups on the effect analysis. Second, due to the
limitation of the number of patients enrolled in this study,
only 6 patients who underwent OC were enrolled in the
GCS score 9-14 and hematoma volume of 20-40 mL
subgroups. Thus, we did not evaluate the therapeutic effect
between OC and EE. Third, only patients with spontaneous
basal ganglia hemorrhage were enrolled because the basal
ganglia location is the most frequently affected area.
Physicians at our center considered that basal ganglia
hemorrhage was one subgroup among the supratentorial
locations that would potentially benefit most from surgical
evacuation. Fourth, this was a single-center study and may
have limited generalizability. Therefore, the effectiveness
of those surgical techniques needs to be demonstrated in
multicenter randomized controlled trials.

Conclusions

EE decreased the 6-month mortality rate in our cohort and
improved the 6-month functional outcomes of spontaneous
basal ganglia hemorrhage in patients with a hematoma
volume >40 mL. EE can also decrease the 6-month mortality
rate of spontaneous basal ganglia hemorrhage in patients with
GCS scores 3-8. Further subgroup analyses explored the
therapeutic effects of three surgical techniques and provided
a reference for clinicians when choosing the most appropriate
method for the patient. Those preliminary results warrant a
further large, prospective, randomized study.
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Figure S1 For the entire cohort, generalized boosted model to obtain the optimal balance of the propensity score among groups of
the IPTW model associated with mRS score (A) and mortality rates (B). Horizontal axis represents the iteration times and vertical axis
represents the balance measure. 1, Balance for EE against others. 2, Balance for SA against others. 3, Balance for OC against others. IPTW,

inverse probability of treatment weighted; mRS, modified Rankin Scale; SA, stereotactic aspiration; EE, endoscopic evacuation; OC, open

craniotomy.
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Figure S2 For the subgroup of hematoma volume of 20-40 mL, generalized boosted model to obtain the optimal balance of the propensity
score among groups of the IPTW model associated with mRS score (A) and mortality rates (B). Horizontal axis represents the iteration
times and vertical axis represents the balance measure. 1, Balance for EE against others. 2, Balance for SA against others. 3, Balance for OC
against others. IPT'W, inverse probability of treatment weighted; mRS, modified Rankin Scale; SA, stereotactic aspiration; EE, endoscopic
evacuation; OC, open craniotomy.
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Figure S3 For the subgroup of hematoma volume of 40-80 mL, generalized boosted model to obtain the optimal balance of the propensity
score among groups of the IPTW model associated with mRS score (A) and mortality rates (B). Horizontal axis represents the iteration
times and vertical axis represents the balance measure. 1, Balance for EE against others. 2, Balance for SA against others. 3, Balance for OC
against others. IPTW, inverse probability of treatment weighted; mRS, modified Rankin Scale; SA, stereotactic aspiration; EE, endoscopic

evacuation; OC, open craniotomy.

A S— _— B —
- 035 : 0257
0.4 1 030 2 0.30
0.20
0.25
s 0.25
0.20 0.15
0.20
02 0.15
0.15 . 0.10
0.10
P 0.10
: 0.05 0.05
6 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000 6 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000

5 mean ATE 5 meAn ATE

0.5 3 ‘ 3

0.4 0.20
0.3 0.15
0.2 0.10
o1 feeeaesenes
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000

Figure S4 For the subgroup of hematoma volume of >80 mL, generalized boosted model to obtain the optimal balance of the propensity
score among groups of the IPTW model associated with mRS score (A) and mortality rates (B). Horizontal axis represents the iteration
times and vertical axis represents the balance measure. 1, Balance for EE against others. 2, Balance for SA against others. 3, Balance for OC
against others. IPTW, inverse probability of treatment weighted; mRS, modified Rankin Scale; SA, stereotactic aspiration; EE, endoscopic
evacuation; OC, open craniotomy:.
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Figure S5 For the subgroup of Glasgow Coma Scale score 3-35, generalized boosted model to obtain the optimal balance of the propensity
score among groups of the IPTW model associated with mRS score (A) and mortality rates (B). Horizontal axis represents the iteration
times and vertical axis represents the balance measure. 1, Balance for EE against others. 2, Balance for SA against others. 3, Balance for OC
against others. IPTW, inverse probability of treatment weighted; mRS, modified Rankin Scale; SA, stereotactic aspiration; EE, endoscopic

evacuation; OC, open craniotomy.
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Figure S6 For the subgroup of Glasgow Coma Scale score 6-8, generalized boosted model to obtain the optimal balance of the propensity
score among groups of the IPTW model associated with mRS score (A) and mortality rates (B). Horizontal axis represents the iteration
times and vertical axis represents the balance measure. 1, Balance for EE against others. 2, Balance for SA against others. 3, Balance for OC
against others. IPT'W, inverse probability of treatment weighted; mRS, modified Rankin Scale; SA, stereotactic aspiration; EE, endoscopic

evacuation; OC, open craniotomy.
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Figure S7 For the subgroup of Glasgow Coma Scale score 9-14, generalized boosted model to obtain the optimal balance of the propensity

score among groups of the IPTW model associated with mRS score (A) and mortality rates (B). Horizontal axis represents the iteration

times and vertical axis represents the balance measure. 1, Balance for EE against others. 2, Balance for SA against others. 3, Balance for OC

against others. IPTW, inverse probability of treatment weighted; mRS, modified Rankin Scale; SA, stereotactic aspiration; EE, endoscopic

evacuation; OC, open craniotomy.
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Figure S9 For the subgroup of hematoma volume of 20-40 mL, results of the standardized mean differences to evaluate the effect of

weights on the magnitude of each confounding factors of the IPTW model associated with mRS score (A) and mortality rates (B). IPTW,

inverse probability of treatment weighted; mRS, modified Rankin Scale; SA, stereotactic aspiration; EE, endoscopic evacuation; OC, open

craniotomy; GCS, Glasgow Coma Scale.
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Figure S10 For the subgroup of hematoma volume of 40-80 mL, results of the standardized mean differences to evaluate the effect of

weights on the magnitude of each confounding factors of the IPTW model associated with mRS score (A) and mortality rates (B). IPTW,

inverse probability of treatment weighted; mRS, modified Rankin Scale; SA, stereotactic aspiration; EE, endoscopic evacuation; OC, open

craniotomy; GCS, Glasgow Coma Scale.
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Figure S11 For the subgroup of hematoma volume of >80 mL, results of the standardized mean differences to evaluate the effect of
weights on the magnitude of each confounding factors of the IPTW model associated with mRS score (A) and mortality rates (B). IPTW,
inverse probability of treatment weighted; mRS, modified Rankin Scale; SA, stereotactic aspiration; EE, endoscopic evacuation; OC, open

craniotomy; GCS, Glasgow Coma Scale.
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Figure S12 For the subgroup of Glasgow Coma Scale score 3-5, results of the standardized mean differences to evaluate the effect of
weights on the magnitude of each confounding factors of the IPTW model associated with mRS score (A) and mortality rates (B). IPTW,
inverse probability of treatment weighted; mRS, modified Rankin Scale; SA, stereotactic aspiration; EE, endoscopic evacuation; OC, open

craniotomy.
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Figure S13 For the subgroup of Glasgow Coma Scale score 6-8, results of the standardized mean differences to evaluate the effect of

weights on the magnitude of each confounding factors of the IPTW model associated with mRS score (A) and mortality rates (B). IPTW,

inverse probability of treatment weighted; mRS, modified Rankin Scale; SA, stereotactic aspiration; EE, endoscopic evacuation; OC, open

craniotomy.
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The adjusted covariates: Sex, Age, Hypertension,
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Figure S14 For the subgroup of Glasgow Coma Scale score 9-14, results of the standardized mean differences to evaluate the effect of

weights on the magnitude of each confounding factors of the IPTW model associated with mRS score (A) and mortality rates (B). IPTW,

inverse probability of treatment weighted; mRS, modified Rankin Scale; SA, stereotactic aspiration; EE, endoscopic evacuation; OC, open

craniotomy.
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Table S1 The inter-group balance tests of possible confounding factors among different surgical techniques in different hematoma volume subgroups

Hematoma volume (20-40 mL) Hematoma volume (40-80 mL) Hematoma volume (=80 ml)
Characteristic Classification
Total (n=195) SA (n=151) EE (n=38) OC (n=6) P value Total (n=353) SA (n=149) EE (n=134) OC (n=70) P value Total (n=155) SA (n=43) EE (n=40) OC (n=72) P value
Sex Male 112 (57.44%) 90 (59.60%) 19 (50.00%) 3 (50.00%) 05259 212 (60.06%) 91 (61.07%) 85 (63.43%) 36 (51.43%) 02377 122 (78.71%) 31 (72.09%) 31 (77.50%) 60 (83.33%) 0.3540
Age (years) 60 55 (58.21%) 45 (29.80%) 8 (21.05%) 2 (33.33%) 05412 146 (41.36%) 69 (46.31%) 52 (38.81%) 25 (35.71%) 0.2485 60 (38.71%) 20 (46.51%) 16 (40.00%) 24 (33.33%) 0.3663
GCS score 3-5 20(10.26%) 17 (11.26%) 1(2.63%) 2 (33.33%) 0.0281* 64 (18.13%) 21 (14.09%) 9(6.72%) 34 (48.57%) <0.0001* 92 (59.35%) 23 (53.49%) 13 (382.50%) 56(77.78%)  <0.0001*
5-8 53 (27.18%) 35 (23.18%) 16 (42.11%) 2 (33.33%) 152 (43.06%) 59 (39.60%) 61 (45.52%) 32 (45.71%) 53 (34.19%) 16 (37.21%) 21 (52.50%) 16 (22.22%)
9-14 122 (62.56%) 99 (65.56%) 21 (55.26%) 2 (33.33%) 137 (38.81%) 69 (46.31%) 64 (47.76%) 4671%) 10 (6.45%) 4(9.30%) 6 (15.00%) 0(0.00%)
Smoking Yes 114 (58.56%) 93 (61.59%) 18 (47.37%) 3 (50.00%) 02578 210 (59.49%) 108 (72.48%) 60 (44.78%) 42 (60.00%) <0.0001* 84 (54.19%) 31 (72.09%) 17 (42.50%) 36 (50.00%) 0.0161*
Diabetes Yes 13 (6.67%) 12 (7.95%) 1(2.63%) 0(0.00%) 0.4024 24 (6.80%) 12 (8.05%) 9(6.72%) 3(4.29%) 05858 11 (7.10%) 3(6.98%) 4(10.00%) 4(5.56%) 06799
Hypertension Yes 154 (78.97%) 121 (80.13%) 28 (73.68%) 5 (83.33%) 0.6600 202 (82.72%) 125 (83.89%) 112 (83.58%) 55 (78.57%) 05898 129 (83.23%) 37 (86.05%) 35 (87.50%) 57 (79.17%) 0.4452
History of Yes 23 (11.79%) 18 (11.92%) 5(13.16%) 0(0.00%) 0.6465 40 (11.33%) 16 (10.74%) 15 (11.19%) 9(12.86%) 0.8972 26 (16.77%) 8(18.60%) 4.(10.00%) 14 (19.44%) 0.4095
craniocerebral disease
Herniation Yes 8(4.10) % 7 (4.64%) 0(0.00%) 1(16.67%) 0.1260 51 (14.45%) 16 (10.74%) 6 (4.48%) 29 (41.43%) <0.0001* 60 (44.52%) 11 (25.28%) 11 (27.50%) 47(6528%)  <0.0001*
Interval between onset <12 hours 70 (35.90%) 58 (38.41%) 10 (26.32%) 2 (33.33%) <0.0001* 157 (44.48%) 64 (42.59%) 49 (36.57%) 44 (62.86%) 0.0025* 114 (73.55%) 31 (72.00%) 26 (65.00%) 57 (79.17%) 0.4942
and operation (hours) 12-24 hours 82 (42.05%) 62 (41.06%) 19 (50.00%) 1(16.67%) 137 (38.81%) 55 (36.91%) 65 (48.51%) 17 (24.29%) 35 (22.58%) 11 (25.58%) 12 (30.00%) 12 (16.67%)
>24 hours 43 (22.05%) 31 (20.53%) 9(23.68%) 3 (50.00%) 59 (16.71%) 30 (20.13%) 20 (14.93%) 9(12.86%) 6 (3.87%) 1(2.33%) 2 (5.00%) 3(4.17%)
Rehabilitation PRT 96 (49.23%) 73 (48.34%) 18 (47.37%) 5(83.33%) 0.0584 146 (41.36%) 52 (34.90%) 67 (50.00%) 27 (38.57%) 0.0002* 42 (27.10%) 6(13.95%) 16 (40.00%) 20 (27.78%) 0.0003*
treatment NPRT 46 (23.59%) 31(20.53%) 15 (39.47%) 0(0.00%) 86 (24.36%) 39 (26.17%) 34 (25.37%) 13(18.57%) 20 (12.90%) 4(9.30%) 9 (22.50%) 79.72%)
NRT 23 (11.79%) 20 (13.25%) 3 (7.89%) 0(0.00%) 27 (7.65%) 8 (5.37%) 16 (11.94%) 3(4.29%) 19 (12.26%) 1(2.33%) 6 (15.00%) 12 (16.67%)
mortality 30 (15.38%) 27 (17.88%) 2 (5.26%) 1(16.67%) 94 (26.63%) 50 (33.56%) 17 (12.67%) 27 (38.57%) 74 (47.74%) 32 (74.42%) 9(22.50%) 33 (45.83%)
Decompressive Yes 9 (4.62%) 6(3.97%) 0(0.00%) 3 (50.00%) <0.0001* 71(20.11%) 7 (4.70%) 8(5.97%) 56 (80.00%) <0.0001* 80 (51.61%) 12(27.91%) 7 (37.50%) 61(84.72%)  <0.0001*
craniectomy
Tracheotomy Yes 27 (13.94%) 21(13.91%) 5(13.16%) 1(16.67%) 09726 68 (19.26%) 22 (14.77%) 20 (14.93%) 26 (37.14%) 0.0001* 51 (32.90%) 12 (27.91%) 15 (37.50%) 24 (33.33%) 0.6456
Lumbar puncture Yes 52 (26.67%) 32 (21.19%) 18 (47.37%) 2 (33.33%) 0.0046* 111 (31.44%) 24(16.11%) 63 (47.01%) 24 (34.29%) <0.0001* 44 (28.39%) 5(11.63%) 18 (45.00%) 21(29.17%) 0.0034*
External lumbar Yes 16 (8.21%) 12 (7.95%) 4(1053%) 0(0.00%) 0.6632 40 (11.33%) 16 (10.74%) 15 (11.19%) 9(12.86%) 0.8972 22 (14.19%) 7 (16.28%) 7 (17.50%) 8(11.11%) 0.5844
drainage
Re-operation Yes 11 (5.64%) 9 (5.96%) 2 (5.26%) 0(0.00%) 0.8196 14 3.97%) 8 (5.37%) 3(2.24%) 3(4.29%) 0.3988 10 (6.45%) 3(6.98%) 1(2.50%) 6 (8.33%) 04778

*, The difference has statistical significance. SA, Stereotactic Aspiration; EE, Endoscopic Evacuation; OC, Open Craniotomy. GCS, Glasgow Coma Scale. PRT, Professional Rehabilitation Treatment, NPRT, Un-professional Rehabilitation Treatment, NRT, No Rehabilitation Treatment.
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Table S2 The inter-group balance tests of possible confounding factors among different surgical techniques in different GCS score subgroups.

GCS 3-5 GCS 6-8 GCS 9-14
Characteristic Classification
Total (n=176) SA (n=61) EE (n=23) OC (n=92) P value Total (n=258) SA (n=110) EE (n=98) OC (n=50) P value Total (n=269) SA (n=172) EE (n=91) OC (n=6) P value

Sex Male 116 (65.91%) 36 (59.02%) 15 (65.22%) 65 (70.65%) 0.3302 151 (28.53%) 62 (56.36%) 60 (61.22%) 29 (58.00%) 0.7743 179 (66.54%) 114 (66.28%) 60 (65.93%) 5 (83.33%) 0.6770
Age (years) >60 62 (35.23%) 25 (40.98%) 7 (30.43%) 30 (32.61%) 0.4981 98 (37.98%) 51 (46.36%) 30 (30.61%) 17 (34.00%) 0.0530 101 (37.55%) 58 (33.72%) 39 (42.86%) 4 (66.67 %) 0.1143
Smoking Yes 103 (58.52%) 43 (70.49%) 11 (47.83%) 49 (53.26%) 0.0569 154 (59.69%) 85 (77.27%) 42 (42.86%) 27 (54.00%) <0.0001* 151 (56.13%) 104 (60.47%) 42 (46.15%) 5 (83.33%) 0.0335*
Diabetes Yes 13 (7.39%) 7 (11.48%) 1 (4.35%) 5 (5.43%) 0.3145 21 (8.14%) 10 (9.09%) 9 (9.18%) 2 (4.00%) 0.4912 14 (5.20%) 10 (5.81%) 4 (4.40%) 0 (0.00%) 0.7484
Hypertension Yes 145 (82.39%) 51 (83.61%) 20 (86.96%) 74 (80.43%) 0.7279 215 (83.33%) 94 (85.45%) 84 (85.71%) 37 (74.00%) 0.1428 215 (79.93%) 138 (80.23%) 71 (78.02%) 6 (100.00%) 0.4226
History of Yes 30 (17.05%) 13 (21.31%) 2 (8.70%) 15 (16.30%) 0.3763 31 (12.02%) 11 (10.00%) 12 (12.24%) 8 (16.00%) 0.5548 28 (10.41%) 18 (10.47%) 10 (10.99%) 0(0.00%) 0.6940
craniocerebral
disease
Herniation Yes 105 (59.66%) 23 (37.70%) 13 (56.52%) 69 (75.00%) <0.0001* 17 (6.59%) 8 (7.27%) 1(1.02%) 8 (16.00%) 0.0022* 6 (2.23%) 3 (1.74%) 3 (3.30%) 0 (0.00%) 0.6711
Interval between <12 hours 128 (72.73%) 43 (70.49%) 15 (65.22%) 70 (76.09%) 0.8329 132 (51.16%) 56 (50.91%) 46 (46.94%) 30 (60.00%) 0.3070 81 (30.11%) 54 (31.40%) 24 (26.37%) 3 (50.00%) 0.4942
E;]';Sf:s;i”d operation 45 o4 hours 36 (20.45%) 14 (22.95%) 6 (26.09%) 16 (17.39%) 91 (35.27%) 38 (34.55%) 41 (41.84%) 12 (24.00%) 127 (47.21%) 76 (44.19%) 49 (53.85%) 2 (33.33%)

>24 hours 12 (6.82%) 4 (6.56%) 2 (8.70%) 6 (6.52%) 35 (13.57%) 16 (14.55%) 11 (11.22%) 8 (16.00%) 61 (22.68%) 42 (24.42%) 18 (19.78%) 1 (16.67%)
Hematoma volume >20-40 20 (11.36%) 17 (27.87%) 1 (4.35%) 2 (2.17%) <0.0001* 53 (20.54%) 35 (31.82%) 16 (16.33%) 2 (4.00%) 0.0004* 122 (45.35%) 99 (57.56%) 21 (23.08%) 2 (33.33%) <0.001*
(m) >40-80 64 (36.36%) 21 (34.43%) 9 (39.13%) 34 (36.69%) 152 (58.91%) 59 (53.64%) 61 (62.24%) 32 (64.00%) 137 (50.93%) 69 (40.12%) 64 (70.33%) 4 (66.67 %)

>80 92 (52.27%) 23 (37.70%) 13 (56.52%) 56 (60.87%) 53 (20.54%) 16 (14.55%) 21 (21.43%) 16 (32.00%) 10 (3.72%) 4 (2.33%) 6 (6.59%) 0 (0.00%)
Rehabilitation PRT 52 (29.55%) 15 (24.59%) 10 (43.48%) 27 (29.35%) 0.0027* 104 (40.31%) 36 (32.73%) 46 (46.94%) 22 (44.00%) 0.0014* 128 (47.58%) 80 (46.51%) 45 (49.45%) 3 (50.00%) 0.9372
treatment NPRT 17 (9.66%) 0(0.00%) 5 (21.74%) 12 (13.04%) 55 (21.32%) 22 (20.00%) 27 (27.55%) 6 (12.00%) 80 (29.74%) 52 (30.23%) 26 (28.57%) 2 (33.33%)
NRT 16 (9.09%) 4 (6.56%) 2 (8.70%) 10 (10.87%) 25 (9.69%) 8 (7.27%) 12 (12.24%) 5 (10.00%) 28 (10.41%) 17 (9.88%) 11 (12.09%) 0 (0.00%)

mortality 91 (51.70%) 42 (68.85%) 6 (26.09%) 43 (46.74%) 74 (28.68%) 44 (40.00%) 13 (13.27%) 17 (34.00%) 33 (12.27%) 23 (13.37%) 9 (9.89%) 1(16.67%)
Decompressive Yes 107 (60.80%) 13 (21.31%) 11 (47.83%) 83 (90.22%) <0.0001* 44 (17.05%) 7 (6.36%) 4 (4.08%) 33 (66.00%) <0.0001* 9 (3.35%) 5 (2.91%) 0(0.00%) 4(66.67%)  <0.001*
craniectomy
Tracheotomy Yes 59 (33.52%) 13 (21.31%) 10 (43.48%) 36 (39.13%) 0.0407* 63 (24.42%) 27 (24.55%) 23 (23.47%) 13 (26.00%) 0.9434 24 (8.92%) 15 (8.72%) 7 (7.69%) 2 (33.33%) 0.1014
Lumbar puncture Yes 52 (29.55%) 8 (13.11%) 14 (60.87%) 30 (32.61%) <0.0001* 86 (33.33%) 22 (20.00%) 49 (50.00%) 15 (30.00%) <0.0001* 69 (25.65%) 31 (18.02%) 36 (39.56%) 2 (33.33%) <0.001*
External lumbar Yes 27 (15.34%) 9 (14.75%) 7 (30.43%) 11 (11.96%) 0.0879 34 (13.18%) 14 (12.73%) 14 (14.29%) 6 (12.00%) 0.9115 17 (6.32%) 12 (6.98%) 5 (5.49%) 0 (0.00%) 0.7280
drainage
Re-operation Yes 16 (9.09%) 6 (9.84%) 2 (8.70%) 8 (8.70%) 0.9691 9 (3.49%) 5 (4.55%) 3 (3.06%) 1 (2.00%) 0.6883 10 (3.72%) 9 (5.23%) 1(1.10%) 0 (0.00%) 0.2146

*, The difference has statistical significance. SA, Stereotactic Aspiration; EE, Endoscopic Evacuation; OC, Open Craniotomy. GCS, Glasgow Coma Scale. PRT, Professional Rehabilitation Treatment, NPRT, Un-professional Rehabilitation Treatment, NRT, No Rehabilitation Treatment.
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Figure S15 Functional outcomes of patients in each group as assessed by modified Rankin Scale (mRS) score. The scores ranged from 0 to 6,
with 0 indicating no symptoms; 1, no clinically significant disability; 2, slight disability; 3, moderate disability; 4, moderately severe disability;
5, severe disability; and 6, death. A score of 4-6 was recognized as a poor outcome. The percentages of patients by the score are shown in
each cell. The mRS scores of (A) the entire cohort, (B) patients with a hematoma volume of 20-40 mL, (C) patients with hematoma volume
of 40-80 mL, (D) patients with hematoma volume of >80 mL, (E) patients with GCS score 3-5, (F) patients with GCS score 6-8, (G)
patients with GCS score 9-14. GCS, Glasgow Coma Scale.
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