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AIM: In recent years, minimally invasive surgery has become a preferred treatment for hypertensive intracerebral hemorrhage (HICH).
This study aims to comprehensively compare the neurological function and prognosis of neuroendoscopic surgery (NS) and stereotactic
aspiration (SA) in patients with HICH.
METHODS: A total of 247 patients with HICH admitted to Taizhou Hospital of Zhejiang Province affiliated to Wenzhou Medical Uni-
versity from April 2020 to December 2023 were included. Patients were divided into the NS group (65 cases) and the SA group (182
cases). The perioperative indicators, serum neurological function, complications, and functional prognosis were compared between the
two groups.
RESULTS: The SA group demonstrated higher hematoma clearance rate with lower hematoma residual volumes and intraoperative
blood loss than the NS group (p < 0.05). Compared with these before surgery, serum brain-derived neurotrophic factor (BDNF) levels
increased, neuron-specific enolase (NSE) and glial fibrillary acidic protein (GFAP) levels decreased in both groups at 1 and 3 months
post-surgery (p < 0.05). The SA group showed higher BDNF and lower NSE and GFAP levels at 1 and 3 months post-surgery than the
NS group (p< 0.05). Compared with these before surgery, both groups showed lower National Institutes of Health Stroke Scale (NIHSS)
and modified Rankin Scale (mRS) score and higher Glasgow Outcome Scale (GOS) scores at 1 and 3 months post-surgery, with the SA
group performing better than the NS group post-surgery (p < 0.05). There was no difference in the complications rates between the two
groups (p > 0.05). At 3- and 6-months post-surgery, the SA group showed higher Mini-Mental State Examination (MMSE) scores than
the NS group (p < 0.05). At 3 months post-surgery, the SA group showed higher activities of daily living (ADL) scores than the NS
group (p < 0.05), but no difference at 6 months post-surgery (p > 0.05).
CONCLUSIONS: In the treatment of HICH, compared to NS, SA offers advantages in hematoma clearance and intraoperative bleeding
reduction. Additionally, SA more effectively improves neurological function, quality of life, and cognitive ability in HICH patients.
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Introduction
Intracerebral hemorrhage (ICH) is a type of bleeding caused
by the non-traumatic rupture of blood vessels in the brain
parenchyma, with hypertension-induced ICH being the
most common [1,2]. Patients with hypertensive intracere-
bral hemorrhage (HICH) often experience substantial blood
accumulation, which compresses and damages adjacent tis-
sues. If not promptly treated, intracranial hematomas can
expand, exert pressure on brain tissue, increase intracranial
pressure, cause severe neurological damage, impair brain
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function, and even lead to death [3,4]. Previously, cran-
iotomy and hematoma aspiration were the primary surgi-
cal interventions for HICH [5]. However, traditional open
hematoma evacuation procedures are time-consuming and
highly invasive, potentially damaging surrounding brain
tissue and frequently leading to numerous surgical compli-
cations [6].

In recent years, advancements in minimally invasive tech-
niques have brought increased attention to neuroendoscopic
surgery (NS) and stereotactic aspiration (SA) for the treat-
ment of ICH [7–9]. NS utilizes an endoscope to access the
hematoma cavity through a minimally invasive approach,
providing clear visualization and precise manipulation for
hematoma removal, thereby minimizing damage to normal
brain tissue [10]. SA, guided by computed tomography
(CT) or magnetic resonance imaging (MRI), involves ac-
curately positioning a needle at the hematoma’s center, us-
ing negative pressure suction to aspirate the hematoma, and
applying urokinase to dissolve residual blood clots. This
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method allows for precise targeting while avoiding critical
brain functional areas, offering both accuracy and procedu-
ral simplicity [7].
Studies have shown that NS and SA are more effective than
traditional craniotomy in improving the prognosis of HICH
patients [8,11,12]. However, despite their recognized ad-
vantages, comparative studies evaluating their distinct ef-
fects on postoperative neurological function and long-term
functional outcomes remain scarce, particularly in patients
with HICH [13]. This lack of direct comparison limits clini-
cians in making well-informed decisions when selecting the
most beneficial surgical approach for individual patients.
Therefore, this study specifically analyzes the impact of NS
and SA on postoperative neurological function and progno-
sis in patients with HICH, aiming to provide valuable refer-
ence data for optimizing intervention and treatment strate-
gies.

Materials and Methods
Research Object
From April 2020 to December 2023, a total of 247 patients
with HICH at Taizhou Hospital of Zhejiang Province affili-
ated to Wenzhou Medical University were retrospectively
analyzed. Based on the surgical treatment method, they
were divided into the NS group (n = 65) and the SA group (n
= 182). This study has been approved by the Ethics Review
Committee of Taizhou Hospital of Zhejiang Province (Ap-
proval number: No. KL20250110) and strictly adheres to
the principles outlined in the Declaration of Helsinki. The
patients included in the study have signed the informed con-
sent form.

Inclusion and Exclusion Criteria
Inclusion criteria includedmeeting the clinical standards for
the diagnosis and treatment of hypertensive cerebral hemor-
rhage as outlined in theGuidelines for Diagnosis and Treat-
ment of Cerebral Hemorrhage in China (2014) [14]; having
the bleeding site in the basal ganglia, frontal lobe, occipital
lobe, cerebellum, thalamus, or pons; being the first onset
of hemorrhage; presence of a space-occupying hematoma;
being under the age of 75; having treatment starting within
48 hours of symptom onset; and having clear surgical in-
dications with no obvious contraindications for surgery, as
well as signing informed consent for the procedure.
Exclusion criteria included having brainstem hemorrhage;
unstable vital signs; severe heart, liver, or renal in-
sufficiency; cerebrovascular malformations or cranial
aneurysms detected by cerebrovascular examination; sig-
nificantly abnormal coagulation function; and incomplete
clinical data.

Surgical Methods
NS: Under general anesthesia, NS was performed using the
LOTTA monitoring system (https://www.karlstorz.com/cn
/zh/search.htm?cat=1000222708). A surgical plan was de-

veloped based on CT scan results. Patients were placed un-
der general anesthesia and underwent endotracheal intuba-
tion through the pre-designed approach. An incision was
made at the scalp nearest to the hematoma, and a milling
cutter was used to open a small bone flap with a diameter
of 3 cm. After achieving hemostasis of the dura mater with
electrocautery, the dura was incised, and a puncture trocar
was inserted to establish the surgical pathway. Intraoper-
atively, ultrasound was used for hematoma localization if
necessary. The cortex was punctured, and an endoscopic
drill sheath was advanced to the hematoma site. The sheath
served as an endoscopic guide and was placed at angles of
0° or 30°, under which the hematoma was cleared. As the
central hematoma was removed, the peripheral areas col-
lapsed inward, and brain tissue applied constant pressure to
the residual blood clot in the catheter, aiding in its removal.
During this process, the sheath was continuously retracted
to clear most of the hematoma. Arterial bleeding was ob-
served under the microscope and suctioned at the bleeding
points. Bipolar electrocautery was used for hemostasis. If a
blood clot became lodged in the cavity, electrocautery was
paused to separate the clot, followed by immediate irriga-
tion. Pressure or scrubbing was applied to stop superficial
scalp bleeding. After hematoma removal, the dura was re-
paired and sutured. The bone flap was replaced and fixed,
followed by layer-by-layer suturing of the scalp and skull.

SA: Under general anesthesia, the Leksell stereotactic sys-
tem (8.3.1, Elekta AB, Stockholm, Sweden) was used to
guide the intracerebral hematoma puncture needle. An ap-
proximately 4 cm incision was made on the scalp at the
cranial entrance, with an electric drill used to create a hole
(about 8 mm in diameter) through the scalp and skull layer
by layer. After reaching the subdural space, the electric
drill was removed, and the puncture needle was placed at
the center of the hematoma. A drainage tube was con-
nected, and the needle core was withdrawn. A medical sy-
ringe was used to aspirate the hematoma. Aspiration was
stopped when the volume reached 1/3 of the total bleed-
ing volume. A needle-shaped crusher (YHEP-100 × 60,
Hebi City Yinhe Analytical Instrument Chemical Co., Ltd.,
Hebi, China) was then connected, and the blood cavity was
washed three times under a high-pressure jet. Urokinase
(15,000 U/kg, Guoyao Zhunzi H20030199, Nanjing Nanda
Pharmaceutical Co., Ltd., Nanjing, China) was injected into
the hematoma cavity at a dose of 30,000 U to fully dissolve
the hematoma. The drainage tube was closed, and after 3
hours, the tube was loosened to allow the hematoma to flow
out. Depending on the patient’s condition, hematoma dis-
solution could be performed 1 to 3 times. After the disso-
lution process was completed, the stereotactic frame was
removed, and the patient was returned to the ward. The
amount of hematoma drainage was monitored, and a cranial
CT re-examination was performed. If residual hematoma
remained, secondary dissolution and drainage were per-
formed until the hematoma was fully drained, at which
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point the tube was removed. The catheter was typically re-
moved within 5–10 days postoperatively.
All the aforementioned procedures were performed by the
same neurosurgical team at Taizhou Hospital of Zhejiang
Province affiliated to Wenzhou Medical University, with
each surgeon having over 5 years of experience in cerebral
hemorrhage surgery. Both the operators and their assistants
have undergone training and certification in neurosurgery,
ensuring the elimination of potential biases.

Observation Indicators
Well-trained researchers collected patient data through a
standardized process, which included:
(I) Clinical baseline information includes gender, age, hy-
pertension grade, preoperative hematoma volume, preoper-
ative GlasgowComa Scale (GCS) score, smoking status, al-
cohol consumption status, location of cerebral hemorrhage,
and duration of hypertension. Hypertension grade was clas-
sified as follows: Grade I hypertension was defined as sys-
tolic blood pressure (SBP) 140–159 mmHg and/or diastolic
blood pressure (DBP) 90–99 mmHg; Grade II hypertension
was defined as SBP 160–179 mmHg and/or DBP 100–109
mmHg; and Grade III hypertension was defined as SBP
≥180 mmHg and/or DBP ≥110 mmHg [15]. The GCS
score was used to assess the degree of coma in patients,
with a maximum score of 15 indicating full consciousness.
Scores of 13 to 14 were classified as mild coma; scores of 9
to 12 as moderate coma; and scores≤8 as severe coma. The
lower the score, the greater the impairment of conscious-
ness [16].
(II) Perioperative indicators include intraoperative blood
loss, postoperative residual hematoma volume, and
hematoma clearance rate. The hematoma clearance rate
is calculated as follows: Hematoma clearance rate =
(preoperative hematoma volume-postoperative residual
hematoma volume)/preoperative hematoma volume,
calculated using 3D slicer software.
(III) Serum neurofunctional markers include brain-derived
neurotrophic factor (BDNF), neuron-specific enolase
(NSE), and glial fibrillary acidic protein (GFAP). The
specific analysis methods are as follows: Venous blood
samples (3 mL) were collected from patients 7 days before
surgery, and 1 month and 3 months after surgery. After
centrifugation, the supernatant was stored at –40 °C for
later analysis. The levels of BDNF (SCA011Hu), NSE
(SEA537Hu), and GFAP (SEA068Hu) were measured
using enzyme-linked immunosorbent assay (ELISA;
Cloud-Clone Corp., Wuhan, China).
(IV) Neurofunctional scores include the National Institutes
of Health Stroke Scale (NIHSS) score, modified Rankin
Scale (mRS) score, and Glasgow Outcome Scale (GOS)
score. These scores were recorded 7 days before surgery
and 1 month and 3 months after surgery to evaluate the re-
covery of neurological function. The NIHSS evaluates lev-
els of consciousness, gaze, vision, limb movement, ataxia,

sensation, language, etc., with scores ranging from 0 to 4.
The total score ranges from 0 to 42: a score≤15 points indi-
cates mild neurological impairment, a score of 16–20 points
indicates moderate impairment, and a score >20 points in-
dicates severe impairment, with higher scores indicating
more severe neurological deficits and disease severity [17].
The mRS has a scoring range of 0 (no symptoms), 1 (symp-
tomatic but no significant disability), 2 (mild disability), 3
(moderate disability), 4 (moderate to severe disability), 5
(severe disability), and 6 (death) [18]. The GOS is a 5-point
scale: 5 (good recovery), 4 (moderate disability), 3 (severe
disability), 2 (vegetative state), and 1 (death) [19].
(V) Complications: Postoperative complications were
recorded, including pulmonary infection, intracranial in-
fection, renal insufficiency, and secondary cerebral hem-
orrhage.
(VI) Functional prognosis scores: Functional outcome
scores were recorded at 3 and 6 months after surgery for
both groups, assessing the activities of daily living (ADL)
score and Mini-Mental State Examination (MMSE) score.
The ADL scale is used to evaluate self-care abilities, while
the MMSE is used to assess cognitive function. The ADL
scale includes 10 items: defecation, urination, grooming,
toileting, eating, mobility, activity, dressing, stair climb-
ing, and bathing. The maximum score for this scale is 100
points; the higher the score, the greater the ability to per-
form daily activities. A score below 20 indicates extremely
severe functional impairment, rendering the patient unable
to care for themselves independently; a score between 20
and 40 suggests that the patient requires significant assis-
tance in daily life; a score between 40 and 60 indicates that
the patient needs some help with daily activities; and a score
above 60 indicates that the patient can live independently
[20]. The MMSE scale includes 7 aspects: temporal orien-
tation, place orientation, immediate memory, attention and
calculation, delayed memory, language, and visual-spatial
skills, comprising a total of 30 questions. Each correct an-
swer scores one point, while incorrect answers or “do not
know” responses score zero. The total score ranges from 0
to 30 points, with a higher score indicating better cognitive
function [21].

Statistical Analysis

Data were analyzed using SPSS (V.21.0, IBM, Armonk,
NY, USA). The Kolmogorow-Smironov (K-S) test was
used to analyze the normality of continuous variables,
which are expressed as mean ± standard deviation (x̄ ±
s). The independent sample t-test was used for between-
group comparisons. For within-group comparisons before
and after treatment, a paired sample t-test was employed.
Categorical data are expressed as frequencies and percent-
ages [n (%)], with differences among the categorical data
analyzed using the chi-square test. In the chi-square test, if
all theoretical frequencies were T ≥5 and the total sample
size (n)≥40, the Pearson chi-square test was used. If 1≤ T
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Fig. 1. The selection flow chart of patients.

< 5 and n ≥ 40, the chi-square test with Yates’s correction
was applied. A p value < 0.05 was considered statistically
significant.

Results
Basic Characteristics
As shown in Fig. 1, a total of 247 patients with HICH
were included according to the inclusion and exclusion cri-
teria. Of these, 65 underwent NS (NS group) and 182 un-
derwent SA (SA group). There were no significant differ-
ences in gender, age, hypertension classification, preoper-
ative hematoma volume, preoperative GCS score, smoking
status, alcohol consumption status, site of cerebral hem-
orrhage, or the duration of hypertension between the two
groups, indicating that the groups were comparable (p >

0.05) (Table 1).

Perioperative Period Index
The residual hematoma and intraoperative bleeding volume
in the SA group were lower than those in the NS group, and
the hematoma clearance rates in the SA group were higher
than that in the NS group (p < 0.05) (Table 2).

Indicators of Neurological Function in Serum
At 7 days before surgery, there were no statistically signif-
icant differences in the levels of BDNF, NSE, and GFAP
between the two groups (p > 0.05). Compared to base-
line levels at 7 days before surgery, BDNF levels signifi-
cantly increased in both groups at 1 month and 3 months af-
ter surgery (p < 0.001), with the SA group showing higher
BDNF levels than the NS group (p < 0.05). Conversely,
compared to baseline levels at 7 days before surgery, NSE
and GFAP levels decreased in both groups at 1 month and 3
months after surgery (p < 0.05), with the SA group show-
ing lower NSE and GFAP levels than the NS group (p <

0.05) (Table 3).

Neurological Function Scores
There were no significant differences in NIHSS, mRS, and
GOS scores between the NS group and the SA group at 7
days before surgery (p> 0.05). Compared to 7 days before
surgery, NIHSS and mRS scores decreased in both groups,
and GOS scores increased in both groups at 1 month and 3
months after surgery (p< 0.001). At 1 month and 3 months
after surgery, NIHSS and mRS scores in the SA group were
lower than those in the NS group, and the GOS score was
higher in the SA group than in the NS group (p < 0.05)
(Table 4).
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Table 1. The baseline characteristics of patients.
Characteristic/Group NS group (n = 65) SA group (n = 182) t/χ2 value p value

Gender (%) 0.767 0.381
Male 45 (69.23) 115 (63.19)
Female 20 (30.77) 67 (36.81)

Age (x̄ ± s, years) 58.27 ± 9.62 55.46 ± 11.37 1.778 0.077
Hypertension grade (%) 0.419 0.811

Grade I hypertension 18 (27.69) 45 (24.73)
Grade II hypertension 32 (49.23) 98 (53.85)
Grade III hypertension 15 (23.08) 39 (21.43)

Preoperative hematoma volume (x̄ ± s, mL) 51.63 ± 11.78 52.41 ± 13.59 0.411 0.682
Preoperative GCS score (x̄ ± s) 9.21 ± 2.43 9.67 ± 3.12 1.077 0.282
Smoking, yes (%) 20 (30.77) 52 (28.57) 0.112 0.738
Alcohol drinking, yes (%) 17 (26.15) 50 (27.47) 0.042 0.837
Site of cerebral hemorrhage (%) 0.436 0.804

Basal nuclei 24 (36.92) 72 (39.56)
Frontal lobe 24 (36.92) 59 (32.42)
Occipital lobe (%) 17 (26.15) 51 (28.02)

Course of hypertension (x̄ ± s, years) 6.43 ± 1.12 6.25 ± 1.48 0.893 0.373

NS, neuroendoscopic surgery; SA, stereotactic aspiration; GCS, Glasgow Coma Scale.

Table 2. Comparison of perioperative indexes between the two groups (x̄ ± s).
Characteristic/Group NS group (n = 65) SA group (n = 182) t value p value

Residual hematoma volume (mL) 7.89 ± 1.23 6.17 ± 1.68 7.558 <0.001
Hematoma clearance rate (%) 84.23 ± 9.48 88.62 ± 12.71 2.542 0.012
Intraoperative blood loss (mL) 60.74 ± 15.69 43.16 ± 14.52 8.201 <0.001

Complications

The incidence of postoperative pulmonary infection, in-
tracranial infection, renal insufficiency and secondary cere-
bral hemorrhage and the total incidence of these complica-
tions in the SA groupwere lower than those in theNS group,
but there was no statistical significance in the above inci-
dence between the NS group and the SA group (p > 0.05)
(Table 5).

Functional Prognostic Scores

MMSE scores in the SA group were higher than those in
the NS group at 3 and 6 months after surgery (p < 0.05).
And ADL scores in the SA group were higher than those in
the NS group at 3 months after surgery (p < 0.05), with no
significance between the 2 groups at 6 months after surgery
(p > 0.05) (Table 6).

Discussion
HICH is a common subtype of intracranial hemorrhage, ac-
counting for a significant proportion of these cases, and
is associated with a high disease burden and mortality
rate. Patients with HICH often experience long-term neu-
rological dysfunction [22]. Minimally invasive intracra-
nial hematoma surgery, a new technique for treating ICH,
effectively removes the hematoma through a safe evacua-
tion channel while minimizing damage to adjacent tissues,

thus promoting neurological recovery and improving out-
comes [23]. This study compares two minimally invasive
techniques for treating HICH, demonstrating that SA more
effectively removes the hematoma, improves neurological
function, and enhances patient prognosis.
The removal of intracranial hematomas is crucial for reduc-
ing cerebral edema and stabilizing intracranial pressure in
patients with HICH, thereby minimizing neurological dam-
age [24]. Research shows that SA has a higher hematoma
evacuation rate compared to conservative treatment and ef-
fectively reduces themechanical compression caused by the
hematoma, limiting its toxic effects on neurons and glial
cells [25]. Compared to mini-craniectomy, SA involves
less trauma, reduced bleeding, fewer complications, and
faster recovery, making it a suitable treatment for HICH
[8]. Our results support these findings, further demonstrat-
ing that patients undergoing SA experience more effective
hematoma removal than those receiving NS, with reduced
intraoperative bleeding.
SA features low invasiveness and a short surgical dura-
tion, involving precise catheter placement under image
guidance for blood aspiration [26]. A small dose of a
thrombolytic agent is intermittently administered through
this catheter, facilitating the gradual removal of residual
hematoma [27,28]. Furthermore, SA effectively reduces
iatrogenic blood loss in patients with cerebral hemorrhage.
The procedure allows for quick puncture and aspiration of
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Table 3. Comparison of serum neurological function indexes between the two groups (x̄ ± s).
Characteristic/Group NS group (n = 65) SA group (n = 182) t value p value

BDNF (µg/L)
7 days before surgery 3.52 ± 0.67 3.61 ± 0.39 1.300 0.195
1 month after surgery 4.93 ± 0.82** 5.81 ± 1.17** 5.590 <0.001
3 months after surgery 6.43 ± 1.25** 7.65 ± 2.87** 3.313 0.001

NSE (ng/L)
7 days before surgery 32.26 ± 5.46 33.27 ± 5.61 1.255 0.211
1 month after surgery 25.64 ± 4.29** 22.85 ± 4.53** 4.321 <0.001
3 months after surgery 15.68 ± 3.21** 14.25 ± 3.34** 2.993 0.003

GFAP (ng/mL)
7 days before surgery 10.24 ± 1.72 10.57 ± 2.33 1.044 0.297
1 month after surgery 9.66 ± 1.38* 8.45 ± 1.71** 5.137 <0.001
3 months after surgery 8.32 ± 1.41** 7.79 ± 1.62** 2.339 0.020

BDNF, brain-derived neurotrophic factor; NSE, neuron-specific enolase; GFAP, glial fibrillary
acidic protein.
Compared to 7 days before the surgery in the same group, *p < 0.05, **p < 0.001.

Table 4. Comparison of neurological function scores between two groups (x̄ ± s).
Characteristic/Group NS group (n = 65) SA group (n = 182) t value p value

NIHSS score
7 days before surgery 20.86 ± 7.81 20.13 ± 7.24 0.683 0.495
1 month after surgery 16.32 ± 4.37** 14.65 ± 3.85** 2.895 0.004
3 months after surgery 13.83 ± 3.61** 10.55 ± 2.46** 8.089 <0.001

mRS score
7 days before surgery 4.59 ± 0.48 4.46 ± 0.71 1.368 0.173
1 month after surgery 3.77 ± 0.26** 3.35 ± 0.39** 8.061 <0.001
3 months after surgery 3.06 ± 0.83** 2.64 ± 0.52** 4.717 <0.001

GOS score
7 days before surgery 2.62 ± 0.40 2.74 ± 0.51 1.717 0.087
1 month after surgery 3.43 ± 0.49** 3.82 ± 0.67** 4.298 <0.001
3 months after surgery 3.98 ± 0.32** 4.25 ± 0.61** 3.402 <0.001

NIHSS, National Institutes of Health Stroke Scale; mRS, modified Rankin Scale; GOS, Glas-
gow Outcome Scale.
Compared to 7 days before the surgery in the same group, **p < 0.001.

the liquid component of the hematoma, thereby reducing
intracranial pressure [29]. It should be noted, however, that
the NS technique requires the creation of a working sheath
several centimeters in diameter to access the deepest part
of the hematoma, which can increase intracranial content
and pressure, potentially raising the risk of intraoperative
bleeding [30].

Neurological function is a critical pathological indicator
for assessing the severity and prognosis of patients with
HICH [31]. BDNF, a neurotrophic cytokine, is upregu-
lated to aid in neuronal repair following brain injury [32].
NSE serves as a specific and sensitive biomarker for eval-
uating the severity of craniocerebral injury and predicting
prognosis [33,34]. GFAP, expressed predominantly in cen-
tral nervous system (CNS) astrocytes, rises in serum dur-
ing cerebral hemorrhage and brain injury, making it a key
biomarker for CNS damage and prognosis [35,36]. In our
study, we found that 1 and 3 months postoperatively, the

SA group exhibited higher serum BDNF levels and lower
serum NSE and GFAP levels compared to the NS group.
The NIHSS is a key indicator of neurological function [37],
while the mRS and GOS are commonly used to assess neu-
rological recovery in patients with intracranial hemorrhage
[29]. The results from these three neurological scores fur-
ther reinforce our finding that SA is more effective than
NS in promoting neurological function recovery in patients
with HICH. This improvement can be attributed to the min-
imally invasive nature and accuracy of SA, along with its
higher hematoma clearance rate compared to NS, as ob-
served in this study. These factors significantly contribute
to better neurological recovery in patients treated with SA.
Additionally, SA reduces surgical stress and inflammation,
facilitating the release of neurotrophic factors and enhanc-
ing neural regeneration [38].
On the other hand, NS requires more operative space, which
can subject brain tissue to traction and pressure, leading to
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Table 5. Comparison of complications between the two groups (%).
Characteristic/Group NS group (n = 65) SA group (n = 182) χ2 value p value

Pulmonary infection, n (%) 4 (6.15) 9 (4.95) 0.003 0.959
Intracranial infection, n (%) 5 (7.69) 8 (4.40) 0.487 0.485
Renal insufficiency, n (%) 3 (4.62) 8 (4.40) 0.076 0.782
Secondary cerebral hemorrhage, n (%) 3 (4.62) 5 (2.75) 0.104 0.747
Total occurrence, n (%) 15 (23.08) 30 (16.48) 1.397 0.237

Table 6. Comparison of functional prognostic scores between the two groups (x̄ ± s).
Characteristic/Group NS group (n = 65) SA group (n = 182) t value p value

ADL score
3 months after surgery 74.35 ± 8.62 77.30 ± 10.20 2.081 0.039
6 months after surgery 81.74 ± 6.38 83.46 ± 8.56 1.479 0.140

MMSE score
3 months after surgery 19.85 ± 2.24 22.51 ± 5.63 3.702 <0.001
6 months after surgery 21.82 ± 3.67 25.47 ± 4.95 5.443 <0.001

ADL, activities of daily living; MMSE, Mini-Mental State Examination.

greater neural trauma compared to the minimally invasive
approach of SA [30]. Another key factor contributing to
the observed differences is intraoperative bleeding, which
can negatively affect cranial nerve function or hinder the re-
covery of damaged nerves [39]. In this study, patients in the
SA group had significantly reduced intraoperative bleeding
compared to those in the NS group, allowing for better re-
covery of damaged nerves.
This study revealed significantly higher ADL scores in the
SA group compared to the NS group at 3 months postop-
eratively. However, there was no significant difference
in ADL scores between the two groups at 6 months post-
operatively. This suggests that patients in the SA group
recovered their ADL abilities more quickly than those in
the NS group. Previous research has demonstrated that
for moderate-volume thalamic-capsular intracerebral hem-
orrhage, SA offers advantages, such as reduced hospital
stays and lower complication rates, compared to conserva-
tive treatment [25]. These benefits likely stem from the
precise CT-guided localization of the minimally invasive
stereotactic puncture drainage technique, which operates
within the hematoma cavity, minimizing damage to sur-
rounding brain tissue and promoting faster recovery [40].
By 6 months post-surgery, the ADL scores between the two
groups were statistically similar, likely due to the impact of
postoperative rehabilitation programs, including physical
and speech therapy. Multidisciplinary rehabilitation stud-
ies, lasting from 3 to 14 weeks and involving neuropsychi-
atry, psychology, physical therapy, occupational therapy,
and occasional speech therapy, have shown significant im-
provements in physical function and quality of life for most
patients with impaired ADL [41–43]. Therefore, it is ex-
pected that ADL abilities in both groups will eventually
converge over time.
MMSE score was used to assess cognitive function, where a
higher score indicates better cognitive ability [44]. Accord-

ing to our study’s results, the SA group had higher MMSE
scores at 3 and 6 months postoperatively, suggesting supe-
rior cognitive restoration. This finding could be attributed
to SA’s enhanced ability to facilitate neurological recovery,
as cognitive function improvement is partly dependent on
the overall recovery of neurological function [45]. In con-
trast, NS, due to its greater surgical trauma, results in slower
recovery of cognitive function postoperatively.
This study has several limitations. First, despite collect-
ing extensive confounder data, the retrospective designmay
have missed potential confounders, such as the impact of
preoperative hemostasis and vasospasm prevention drugs
on surgical outcomes. Second, the non-randomized patient
assignment based on clinical judgment may introduce se-
lection bias. Furthermore, the relatively small sample size
from a single center limits the generalizability of the find-
ings. To address these limitations, prospective, multi-center
studies with larger sample sizes are needed. These fu-
ture studies should incorporate randomization, detailed data
collection plans, and record information on preoperative
hemostatic measures and drug use. Additionally, extending
the follow-up period to assess the one-year and long-term
efficacy of the two surgical approaches for treating HICH
will provide more convincing and comprehensive results.

Conclusions
For the treatment of HICH, SA shows superior outcomes
compared to NS in terms of more effective hematoma re-
moval and reduced intraoperative bleeding. Additionally,
SA contributes to better improvement in patients’ neuro-
logical function, quality of life, and cognitive abilities.
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