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ABSTRACT

Introduction: Intracerebral hemorrhage is a
high-risk pathological event that is associated
with formidable morality rates. Here, our
objective was to perform a retrospective study
to determine the best timing for drainage using
physiological data on patients who received
drainage at different timings.
Methods: In this retrospective study, we
reviewed 198 patients with hypertensive cere-
bral hemorrhage who underwent stereotactic
drainage at the conventional timing (surgery
within 12 h of admission; control group) and
216 patients who underwent stereotactic drai-
nage at a customized surgical timing (elective
group). Follow-ups were performed at 3 and 6
months after surgery.

Results: The clinical indicators, including
prognosis, hematoma clearance, recurrent
hemorrhage, intracerebral infection, pulmonary
infection, deep venous thrombosis, gastroin-
testinal hemorrhage, National Institutes of
Health Stroke Scale scores, and matrix metal-
lopeptidase 2 and 9 levels, were compared
between the control and elective groups. Our
data indicated that the elective group had sig-
nificantly better prognosis compared to the
control group (p = 0.021), with a higher rate of
hematoma clearance (p = 0.004) and a lower
rate of recurrent hemorrhage (p = 0.018). The
total occurrence rate of post-surgery complica-
tions was also lower for the elective group
(p = 0.026). NIHSS scores and serum MMP2/9
levels of the elective group were lower than
those of the control group.
Conclusions: Customized timing of stereotactic
drainage may be superior to conventional fixed
timing (within 12 h post-hemorrhage) in
reducing post-surgery complications and pro-
moting recovery, which supports the potential
use of customized timing of stereotactic mini-
mally invasive drainage as a new convention in
clinics.
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Key Summary Points

Intracerebral hemorrhage is a pathological
event in the middle-aged and elderly
population that is associated with high
morbidity and mortality rates

This retrospective study determined the
best timing for drainage using
physiological data from patients who
received drainage at different timings

Customized timing of stereotactic
drainage may be superior to conventional
fixed timing (within 12 h post-
hemorrhage), as it improved the
prognosis, reduced post-surgery
complications, and promoted recovery

Our findings support the potential use of
customized timing of stereotactic
minimally invasive drainage as a new
convention in clinics

INTRODUCTION

Intracerebral hemorrhage (ICH) is a pathologi-
cal event in the middle-aged and elderly popu-
lation that is associated with high morbidity
and mortality rates. Hypertensive atherosclero-
sis is one of the main causes of ICH [1]. Changes
in people’s dietary structure, hyperlipidemia,
diabetes, and obesity are important risk factors
for cerebrovascular diseases caused by ICH.
However, ICH cannot be overlooked in the
younger population because of the possibility of
Moyamoya disease, cerebrovascular malforma-
tions, hemangiomas, etc. [2]. Regardless of the
age of onset and etiology, ICH is linked to sev-
ere neurological deficits, i.e., small amounts of
bleeding at critical sites and large amounts of
bleeding at relatively general sites, both of
which are associated with death in most
patients, and survivors are often left with vary-
ing degrees of physical disability and impaired
higher neurological functions such as

compromised speech and mental functionali-
ties [3]. Hence, ICH severely affects patients’
quality of life and places a tremendous burden
on their families and society. Unfortunately,
there is a lack of effective treatment and stan-
dardized treatment principles for ICH in clinical
practice.

Conservative medical treatment is mainly
aimed at reducing brain edema caused by ICH,
repairing the damaged tissues around the
hemorrhage, and promoting neurological
recovery. However, thus far, surgical hematoma
removal has only been shown to be valuable for
saving patients’ lives [4]. Stereotactic minimally
invasive drainage, a technique that has emerged
over the past 20 years, has to some extent
compensated for the deficiencies of the previous
surgical treatment of ICH, such as its high
damage and high cost, making it a highly
promising treatment method that can be widely
applied [5].

Previous studies have shown that early
hematoma clearance for cerebral hemorrhage,
i.e., at 3–6 h after onset, is beneficial, as
mechanical damage and secondary damage
caused to brain tissue by the hematoma is
modest at that stage [6, 7]. However, in clinical
practice, only very few patients can be operated
on at 3–6 h after onset due to the delays caused
by admission, examination, and diagnosis con-
firmation. In addition, premature removal of
the hematoma may lead to a compensatory
response from the coagulation system, increas-
ing rebleeding [5]. Therefore, the long-term
prognosis of patients with ICH remains poor. A
previous study suggested that minimally inva-
sive removal of the intracranial hematoma at
8–24 h after a cerebral hemorrhage can achieve
more satisfactory results in terms of the com-
plete clearance rate and neurological recovery
[8]. However, it has also been shown that sur-
gery should be avoided at an ultra-early stage
because of the risk of hematoma enlargement,
making the patient prone to postoperative
rebleeding and thus making late surgery safer
[9].

Given that the optimal timing of hematoma
removal for cerebral hemorrhage remains to be
determined, in this study, we aimed to perform
a comparative study of conventional timing
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(within 12 h after onset) vs. customized timing
by referencing a set of clinical indicators of
patients and a set of heuristic rules based on our
clinical experience to test the hypothesis that
customized surgery timing can reduce post-
surgery complications and promote recovery.

METHODS

Patients and Study Design

Our retrospective study was conducted by the
Department of Neurosurgery of the Second
Hospital of Hebei Medical University and Neu-
rosurgery Centers of the General Hospital of the
Northern Theater of the Chinese People’s Lib-
eration Army. Cases admitted during
2017–2022 were reviewed. To validate our
summarized surgical indications for hemor-
rhage, we reviewed 198 patients with hyper-
tensive cerebral hemorrhage who underwent
stereotactic hematoma aspiration and drainage

with conventional surgical indications (surgery
within 12 h of admission)—the control group,
and 216 patients who underwent stereotactic
hematoma aspiration and drainage with the
surgical timing determined by the grading sys-
tem for surgical indications for hemorrhage—
the elective group (see Fig. 1). Among the
patients in the elective group, 112 patients
received surgery within 12 h of admission, and
104 patients underwent elective surgery. The
grading system was not applied to the control
group. We started to use elective (customized)
surgical timing in 2017; patients with elective
surgical timing were then compared to patients
with traditional surgical timing. The outcomes
of patients for whom the selected surgical
indications for hemorrhage was adopted were
compared for two time periods with the out-
comes of those for whom the bleeding surgical
indication was not adopted. The scientific
validity of our summarized indications for
hemorrhage surgery was determined by
reviewing baseline clinical data at admission

Fig. 1 Study flow of this trial
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and comparing the short-term prognosis, asso-
ciated complications, neurological deficit
scores, and serum matrix metallopeptidase 2
and 9 (MMP2/9) concentrations between the
two groups. The study was approved by the
ethics committee of Hebei Medical University
(2022-AE165). Informed written consent was
obtained from the participants. The study was
performed in strict accordance with the ethical
principles for medical research involving
human subjects in the Declaration of Helsinki.

Inclusion Criteria

We included patients that met the diagnostic
criteria established by the Fourth National
Cerebrovascular Conference: (1) patients should
have a clear history of hypertension and symp-
toms of an acute intracranial pressure increase;
(2) age C 18 years; (3) first presentation; (4) the
site and amount of bleeding were confirmed by
computed tomography (CT), computed tomog-
raphy angiography (CTA), magnetic resonance
imaging (MRI), etc. after admission; (5) clinical
symptoms included varying degrees of hemi-
paresis, impaired consciousness, language
impairment, etc., and some patients had head-
ache, nausea, and vomiting; (6) the patient and/
or family members gave their informed consent;
(7) the patients were admitted within 24 h from
symptom onset.

Exclusion Criteria

We excluded (1) patients with a traumatic brain
injury, intracranial vascular malformation,
cerebral amyloidosis, intracranial tumors, neu-
rological and psychiatric diseases, cognitive
dysfunction, coagulation abnormalities,
intracranial infections, or combined systemic
infectious diseases, (2) patients with obvious
intracranial compression symptoms and those
who had undergone brain herniation, and (3)
patients who intended to withdraw life-sus-
taining therapies early or who had DNR orders.
After admission, the patient was examined
using CT, CTA, and MRI to exclude amyloidosis,
intracranial vascular malformation, and
intracranial compression symptoms.

Grading System for Selecting the Timing
of Stereotactic Minimally Invasive
Drainage

Table 1 shows the grading system for elective
timing for stereotactic minimally invasive drai-
nage, as developed in our department based on
many years of clinical surgery. Different scoring

Table 1 Grading system for elective timing of stereotactic
minimally invasive drainage

Cerebral hemispherical
hemorrhage

Cerebellar hemispherical
hemorrhage

Characteristic Score Characteristic Score

Consciousness Consciousness

Sober 1 Sober 1

Hazy 2 Hazy 2

Coma 3 Coma 3

Ambient cistern Ambient cistern

Exists 1 Exists 1

Disappeared 2 Disappeared 2

Brain stem

compression

3 Brain stem

compression

3

Hematoma volume (mL) Hematoma volume (mL)

\ 30 1 \ 10 1

30–40 2 10–20 2

[ 40 3 [ 20 3

Encephalatrophy Cerebral edema

Mixed or white

matter type

1 \The hematoma

volume

1

Cortex type 2 = The hematoma

volume

2

No 3 [The hematoma

volume

3

\ 6: elective surgery; 7–9:

hospitalization for

observation; 10–12:

immediate surgery

\ 6: elective surgery; 7–9:

external ventricular

drainage; 10–12:

immediate surgery
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systems were used for two different sites of
hemorrhage, i.e., cerebral hemisphere hemor-
rhage and cerebellar hemisphere hemorrhage.
The scoring system also took into account
indicators including consciousness, ambient
cistern, brain stem compression, hematoma
volume, and encephalatrophy. Encephalatro-
phy is mainly divided into white matter brain
atrophy, cortical brain atrophy, and mixed
brain atrophy (white matter and cortex); an
increase in intracranial pressure occurs after a
brain hemorrhage because the space in the skull
is relatively fixed and the hematoma has to
occupy the skull space. The intracranial pressure
and space is mainly regulated through the
cerebrospinal fluid. The degree of brain atrophy
gradually increases with increasing age, clini-
cally it is observed that the symptoms suffered
by many patients with severe brain atrophy and
a large brain hemorrhage are not particularly
serious because brain atrophy creates extra
intracranial space to the hematoma. For cere-
bral hemispherical hemorrhage, elective surgery
was performed on those with scores\6, hos-
pitalization for observation was recommended
for those with scores of 7–9, and immediate
surgery was performed for those with scores of
10–12. For those with cerebellar hemispherical
hemorrhage, similar criteria were used except
that those with scores of 7–9 received external
ventricular drainage.

Treatments

Based on a CT examination and the calculation
of Tian’s formula, craniotomy was performed
on those with a bleeding volume of[50 ml, a
Glasgow Coma Scale (GCS) score of B 8 points,
a midline structure deviation of[1 cm, and
bleeding within 12 h. Stereotactic surgery was
performed on the rest.

During stereotactic surgery, the patient’s
head was mounted in a stereotactic head frame
to perform a cranial CT scan with a layer
thickness of 5 mm and an interval of 0 mm in
order to observe the location and morphology
of the hemorrhage. The data were transferred to
Leksell SurgiPian 10.1 software to design the

surgical position and surgical path that avoided
important cortical functional areas.

After precisely calculating the target point, a
3-cm incision was made, after which the scalp
and subcutaneous tissues were cut. Then one
hole was drilled, the dura was cut, and the tar-
get point was reached (avoiding the venous
sinus) via a penetrating needle of the stereo-
tactic instrument to aspirate the hematoma.
Cranial CT images were acquired 2 h after sur-
gery, and the residual hematoma was dissolved,
if necessary, by injecting urokinase through the
drainage tube; the hematoma cavity drainage
tube was removed 2–5 d after surgery [8].
Urokinase was injected slowly into the hema-
toma cavity by incorporating 20,000 units into
5 ml of saline. After stereotactic surgery, the end
of the retained drainage tube remained in the
hematoma cavity and the outside end had a
three-way value. The injection of urokinase
required closed-tube observation for 2 h, and it
was necessary to frequently review the head CT.

All patients were followed for up for
6 months. A prognostic assessment was per-
formed at 3 months postoperatively with the
Glasgow Outcome Scale (GOS) score [10]. No
impact on daily life, mild symptoms and signs,
and an ability to socialize, live, and work nor-
mally were considered to correspond to a good
recovery; a partial loss of ability to live and work
but an ability of the patient to move on their
own with disabilities such as neural palsy and
ataxia were considered to correspond to mod-
erate disability; some consciousness but no
ability of the patient to live on their own and
the presence of speech and sensory impairment
were considered to indicate severe disability; no
consciousness and only partial movements such
as blinking and breathing were considered to
correspond to vegetative survival.

Hematoma volume was determined using
the Coniglobus formula: hematoma size = 1/
2 9 the longest diameter of the hematoma layer
with the largest area on axial cuts (cm) 9 the
diameter perpendicular to the longest diameter
mentioned (cm) 9 the thickness of the hema-
toma (cm).

Follow-up CT exams were performed at
6 months after surgery. Patients were diagnosed
with a recurrent hemorrhage if they were seen
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again within 6 months because of symptoms or
if a recurrent hemorrhage was found after a CT
review performed 6 months after surgery with-
out obvious symptoms.

Neurological Deficit Evaluation

Neurological deficit evaluation was performed
preoperatively and at 3 months after surgery
using the National Institutes of Health Stroke
Scale (NIHSS) [11]. NIHSS scores range from 0 to
42, with scores of 0–1 for a normal status, 2–4
for mild neurologic impairment, 5–15 for
moderate neurologic impairment, 16–20 for
severe neurologic impairment, and 21–42 for
extremely severe neurologic impairment.
Patients were followed up for 1 month postop-
eratively to check for complications and were
recorded.

Measurement of MMP2/9 Levels

MMP2/9 concentrations in patients’ sera were
measured preoperatively and at 3 months post-
surgery using ELISA kits from Abcam. Briefly,
4 mL of fasting venous blood were collected and
processed by centrifugation at 2500 r/min for
15 min. The supernatant was taken and stored
in a constant-temperature refrigerator at
– 80 �C.

Statistical Analysis

Values were expressed as n (percentage, %) or as
scatter points in figure plots. p values were
derived from the chi-square test, Fisher’s exact
test, or two-way ANOVA followed by Tukey’s
multiple comparisons tests. p\ 0.05 was con-
sidered statistically significant.

RESULTS

Study Design and Patient Characteristics

The grading system was used to evaluate 198
patients with hypertensive cerebral hemorrhage
in 2020 who underwent drainage with con-
ventional timing (i.e., the surgery occurs within

12 h of admission to the hospital for diagnosis;
control group) and 216 patients who underwent
stereotactic drainage in 2021 with the surgical
timing determined by the grading system
(elective group). Comparison of the baseline
data between the two groups revealed no sig-
nificant differences in age, sex, time from
symptom onset to admission, site of bleeding,
or Glasgow Coma Scale (GCS) score at the time
of admission (Table 2). Briefly, both groups of
patients had a mean age of 48–49 years, and the
proportions of males in the two groups were
slightly higher than the proportions of females.
Time from onset to admission was 5.62 ± 1.72
for the control group and 4.99 ± 1.83 for the
elective group (p = 0.168). The most common
hemorrhage location in both groups was the
basal ganglia region (77.% of the control group
and 69.9% of the elective group). The two
groups did not significantly differ in terms of
GCS score, hematoma volume, or
consciousness.

Prognosis Evaluation for Patients
with ICH Who Underwent Stereotactic
Minimally Invasive Draining
at Customized or Conventional Timing

We further conducted prognostic analysis at
3 months during the follow-up. Patients for
whom daily life was not affected and who
showed mild symptoms and signs and were able
to socialize, live, and work normally were con-
sidered to have a good prognosis (see Table 3).
Those with a partial loss of living and working
abilities and who presented disabilities such as
neural palsy and ataxia but were able to move
on their own were considered to have moderate
disability. Those with some consciousness but
who were unable to live on their own and
showed speech and sensory impairment were
considered to have severe disability. Those with
no consciousness and only partial movements
such as blinking and breathing were considered
to be in a vegetative state. Our data revealed
that in both groups, the largest fraction of the
patients (about half) had a good prognosis, fol-
lowed by those with moderate disability. Over-
all, the elective group had significantly higher
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Table 2 Demographic and clinical characteristics of the hypertensive intracerebral hemorrhage patients who received
stereotactic minimally invasive drainage at the conventional timing or at an elective timing

Characteristics Study group p value

Control (n = 198) Elective (n = 216)

Age (years) 48.32 ± 11.36 49.41 ± 13.29 0.328

Gender

Male 106 (53.5%) 109 (50.5%) 0.556

Female 92 (46.5%) 107 (49.5%)

Time from onset to admission (h) 5.62 ± 1.72 4.99 ± 1.83 0.291

Hemorrhage location

Temporal lobe 12 (6.0%) 24 (11.1%) 0.198

Parietal lobe 19 (9.6%) 20 (9.3%)

Basal ganglia region 153 (77.3%) 151 (69.9%)

Cerebellum 14 (7.1%) 21 (9.7%)

GCS

13–15 75 (37.9%) 73 (33.8%) 0.682

9–12 106 (53.5%) 124 (57.4%)

B 8 17 (8.6%) 19 (8.8%)

Hematoma volume (mL)

\ 30 96 (48.5%) 103 (47.7%) 0.822

30–40 69 (34.8%) 72 (33.3%)

[ 40 33 (16.7%) 41 (19.0%)

Consciousness

Sober 86 (43.4%) 79 (36.6%) 0.348

Hazy 95 (48.0%) 118 (54.6%)

Coma 17 (8.6%) 19 (8.8%)

Encephalatrophy

Mixed or white matter type 67 (33.8%) 82 (38.0%) 0.552

Cortex type 84 (42.4%) 91 (42.1%)

No 47 (23.8%) 43 (19.9%)

Ambient cistern

Exists 91 (46.0%) 103 (47.7%) 0.859

Disappeared 84 (42.4%) 86 (39.8%)

Brain stem compression 23 (11.6%) 27 (12.5%)

Diabetes history
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proportions of patients with a good prognosis
and moderate disability and lower proportions
of patients with severe disability, patients in a
vegetative state, and patients who died
(p = 0.021, Table 3), suggesting the benefit of
customized drainage timing for the prognosis.

Evaluation of the Incidence of Recurrent
Hemorrhage

The clinical outcomes were further evaluated
based on hematoma clearance assessed at
1 month and the occurrence of rebleeding dur-
ing the 6-month postoperative follow-up. The
rate of hematoma clearance was significantly
higher in the elective group than in the control
group at 1 month after surgery (p = 0.004), and
the incidence of rebleeding was significantly
lower in the elective group than in the control
group at 6 months after surgery (p = 0.018,
Table 4).

Evaluation of Complications Associated
with Surgery and ICH

Table 5 shows a comparison of the complica-
tions in the control and elective groups at
1 month after surgery. While there were no
significant differences between the two groups
in the individual comparisons of the incidence
rates of intracranial infection, pulmonary
infection, deep venous thrombosis, and gas-
trointestinal hemorrhage, the overall rate of
complications (which took into consideration
all of the above complications) differed signifi-
cantly between the two groups (p = 0.026).

Comparisons of Serum Concentrations
of MMP2 and MMP9 Before and 3 Months
After the Operation

MMP2/9 are associated with oxidative stress and
injury in the brain, so we also evaluated the
MMP2/9 levels as another metric for clinical
outcome assessment. As shown in Fig. 2, serum
MMP2 (Fig. 2A; pre-operation: control 467.67 ±

176.71 ng/mL vs. elective 474.69 ± 176.59 ng/
mL, p = 0.976, post follow-up: control 390.64 ±

169.73 ng/mL vs. elective 334.64 ± 167.46 ng/
mL, p = 0.008) and MMP9 (Fig. 2B; pre-opera-
tion: control 688.31 ± 213.24 ng/mL vs. elec-
tive 653.08 ± 217.11 ng/mL, p = 0.333, post
follow-up: control 465.59 ± 212.42 ng/mL vs.
elective 391.14 ± 208.35 ng/mL, p = 0.003)
concentrations had decreased significantly in
both groups at 3 months after surgical treat-
ment, suggesting recovery, but the elective
group had even lower MMP2/9 levels than the
control group.

DISCUSSION

Previously, surgical therapies for ICH have
shown mixed results, as exemplified by the fact
that the rigorous randomized clinical trials
STICH (Surgical Treatment for ICH) I and II
failed to replicate the successes of previous
studies [12]. While factors that affect the success
of drainage surgeries, including the interpreta-
tion of imaging features and surgical techniques
[13, 14], have been extensively studied recently,
questions also remain regarding the timing of

Table 2 continued

Characteristics Study group p value

Control (n = 198) Elective (n = 216)

Yes 102 (51.5%) 122 (56.5%) 0.325

No 96 (48.5%) 94 (43.5%)

Values are expressed as n (percentage, %) or mean ± SD. p values for the groups were derived from the Mann–Whitney
test. The chi-square test or Fisher’s exact test was used for assessing the distribution of observations or phenomena between
different groups
GCS Glasgow Coma Scale
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surgery. This study focused on comparing con-
ventional and customized timing of stereotactic
minimally invasive surgery in terms of clinical
outcome. Indeed, the critical role of surgery
timing has been underscored by multiple stud-
ies. For example, early drainage performed with
the aim of mitigating secondary injury and
improving the neurological outcome has been

demonstrated to be beneficial preclinically [15],
but some clinical studies have suggested
advantages of early drainage [16], while others
have shown no benefit or even harm, raising
concern about the risks of early evacuation,
such as collateral damage to normal brain
structures, intraoperative bleeding, and post-
operative rebleeding [9].

Based on our experiences in the clinic, for
the elective group, the hematoma turned into
blood, so it was easier to suck out and remove.
For the control group, the blood encountered in
emergency surgery was like jelly, so it was not
easy to suck out and remove. That should
explain the higher rate of hematoma clearance
in the elective group. The recurrence rate was
lower in this group, mainly due to the relatively
stable and thorough removal of the hematoma
and the good control of blood pressure during
and after the operation.

Our results indicate that the optimal timing
of hematoma removal for cerebral hemorrhage
cannot be simply defined as early or late; it
should be customized based on the physiologi-
cal indicators of the patient, which allow a
comprehensive judgment. The surgical

Table 3 Comparison of the prognoses made using the
GOS between the two groups 3 months after treatment

Characteristics Study group p

Control
(n = 198)

Elective
(n = 216)

Good

prognosis

90 (45.4%) 106 (49.1%) 0.021

Moderate

disability

55 (27.8%) 77 (35.6%)

Severe

disability

21 (10.6%) 18 (8.3%)

Vegetative state 14 (7.1%) 9 (4.2%)

Death 18 (9.1%) 6 (2.8%)

Values are expressed as n (percentage, %). The p value was
derived from the chi-square test
GOS Glasgow Outcome Scale

Table 4 Comparison of hematoma clearance between the
two groups 1 month after stereotactic minimally invasive
drainage, and comparison of recurrent hemorrhage
between the two groups 6 months after stereotactic mini-
mally invasive drainage

Characteristics Study group p

Control
(n = 198)

Elective
(n = 216)

Hematoma

clearance

139 (70.2%) 178 (82.4%) 0.004

Recurrent

hemorrhage

26 (13.1%) 13 (6.1%) 0.018

Values are expressed as n (percentage, %). p values were
derived from Fisher’s exact test

Table 5 Comparisons of the complications in the two
groups during 1 month of follow-up after stereotactic
minimally invasive drainage

Characteristics Study group p

Control
(n = 198)

Elective
(n = 216)

Intracerebral

infection

5 (2.5%) 3 (1.4%) 0.488

Pulmonary

infection

7 (3.5%) 5 (2.3%) 0.563

Deep venous

thrombosis

8 (4.1%) 3 (1.4%) 0.127

Gastrointestinal

hemorrhage

5 (2.5%) 2 (0.9%) 0.267

Total occurrence 25 (12.6%) 13 (6.0%) 0.026

Values are expressed as n (percentage, %). p values were
derived from Fisher’s exact test
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indications for cerebral hemorrhage that we
have summarized here are suggested to have
value for determining the timing of stereotactic
hematoma drainage. Contrary to the notion
that early drainage is beneficial for preventing
hematoma expansion, which is a well-docu-
mented disease progression associated with
worse mortality and morbidity [17], our study
demonstrated that customized timing was in
fact superior at enhancing hematoma reduc-
tion. This pronounced improvement in hema-
toma reduction translated into a significantly
improved prognosis and markedly mitigated
postoperative complications in the patients in
our study. This finding is consistent with our
hypothesis that a customized timing that allows
complete stabilization and avoids compen-
satory responses will lead to a better prognosis.
Our results are also echoed by earlier studies
which showed that early drainage surgeries are
associated with a high risk of rebleeding.
Another factor that contributes to the benefit of
customized timing is that radiological features
can be better established with a stabilized
pathology [4]. The lower MMP2/9 levels are also
in line with the conclusion that customized
timing allows reductions in oxidative stress and
injury at operating sites, promoting speedy
recovery [18]. It is worth noting that our study
is limited by its retrospective nature, and the
conclusions need to be validated in future larger
prospective trials.

CONCLUSIONS

By comparing the clinical outcomes of patients
who received stereotactic drainage at a cus-
tomized timing with the clinical outcomes of
those who received stereotactic drainage at a
conventional fixed timing (within 12 h post-
hemorrhage), it was demonstrated that cus-
tomized timing improves the prognosis, reduces
post-surgery complications, and promotes
recovery, which supports the potential use of
customized timing of stereotactic minimally
invasive drainage as a new convention in
clinics.
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