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Objective: To compare the clinical efficacy, neurofactor changes, and prognosis in elderly patients with spontaneous intracerebral
hemorrhage (ICH) treated with endoscopic surgery versus conventional craniotomy.

Methods: A retrospective analysis was conducted on 88 elderly patients with spontaneous ICH admitted from July 2021 to
April 2024. Based on surgical method, patients were assigned to either the conventional craniotomy group (n=44) or the endoscopic
surgery group (n=44). Surgical efficacy (hematoma evacuation rate, surgical duration, intraoperative blood loss), short-term prognosis
(ICU stay, hospital stay, GOS, NIHSS, ADL scores), serum neurofactors (SOD, NSE, NGF, BDNF), inflammatory markers (WBC,
CRP, PCT), and complication rates were compared.

Results: (1) The endoscopic group had significantly shorter surgical time and lower blood loss than the craniotomy group (P<0.05),
with similar hematoma evacuation rates (P>0.05). (2) ICU and hospital stays were significantly shorter in the endoscopic group
(P<0.05). Postoperative GOS and ADL scores were higher, and NIHSS scores were lower in the endoscopic group at 3 months
(P<0.05). (3) Compared with preoperative levels, both groups showed a decreasing trend in SOD and NSE and an increasing trend in
NGF and BDNF after surgery, with the observation group showing more significant and sustained changes over time (P < 0.05). (4)
Although postoperative inflammatory markers increased in both groups, the observation group had milder elevations and faster
downward trends (P < 0.05). (5) The complication rate was lower in the endoscopic group (6.82% vs 22.73%, P<0.05).
Conclusion: Compared to conventional craniotomy, endoscopic hematoma evacuation in elderly ICH patients results in milder
inflammatory responses, more favorable neurofactor changes, fewer complications, and improved recovery. However, these findings
require further validation due to the retrospective design and limited sample size.
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Introduction

Spontaneous intracerebral hemorrhage (ICH) is a common and life-threatening condition, typically caused by the rupture
of blood vessels in the brain, leading to the infiltration of blood into the brain tissue or ventricular system, resulting in
acute neuronal injury and dysfunction." Risk factors for ICH include hypertension, arteriosclerosis, and cerebrovascular
malformations, often presenting with acute onset, high disability, and significant mortality.>> With the aging population,
the risk of cerebrovascular rupture significantly increases due to decreased vascular elasticity and exacerbated arterio-
sclerosis, leading to a rising incidence of ICH among the elderly, making it a global public health issue.*> Moreover,
elderly patients are often accompanied by underlying conditions such as hypertension, diabetes, and coronary heart
disease, which result in reduced physiological and metabolic capacities, weakened immune function, and increased
cerebrovascular fragility.® Therefore, the treatment and prognosis assessment of spontaneous intracerebral hemorrhage in
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the elderly are more complex, often associated with higher mortality and complication rates. As a result, minimizing
surgical trauma and improving the patient’s quality of life have become important challenges in the field of neurosurgery.

Surgical treatment remains the primary approach for ICH, particularly for patients with large hematomas or
intraventricular hemorrhage, where timely hematoma evacuation, reduction of intracranial pressure, and relief of brain
tissue compression typically lead to significant improvement in neurological function.” However, traditional craniotomy,
while effectively evacuating hematomas, involves large incisions, long recovery times, and a high incidence of
complications. In particular, elderly patients often experience slower postoperative recovery, with serious complications
such as infections, brain edema, and rebleeding being common.®’ Therefore, selecting the most appropriate treatment
method for elderly ICH patients is crucial. In recent years, with the continuous advancement of minimally invasive
surgical techniques, clinical endoscopic surgery has gradually been applied in the field of neurosurgery and has become
an important method for treating spontaneous intracerebral hemorrhage. Compared with traditional craniotomy, clinical
endoscopic surgery offers advantages such as smaller trauma, less blood loss, and faster recovery, making it especially
suitable for elderly patients.'®!!

However, despite the growing recognition of the advantages of minimally invasive techniques in the academic
community, the application of endoscopic surgery still has some limitations. Firstly, endoscopic surgery requires high
technical expertise, particularly during the operation, where the experience and skill level of the surgeon are critical to the
success of the procedure. Secondly, endoscopic surgery is not suitable for all types of intracerebral hemorrhage,
especially when the hematoma is deep or located in difficult-to-reach areas, where it may not be possible to fully
evacuate the hematoma, leading to suboptimal treatment outcomes. Additionally, complications such as incomplete
hematoma evacuation during surgery, postoperative bleeding, or infection may occur, especially in elderly patients, who
may experience slower recovery and face increased risks postoperatively. Therefore, although endoscopic surgery offers
significant advantages for elderly patients, its limitations and risks must be weighed, and treatment should be tailored to
suitable patient groups.

This study aims to retrospectively analyze 88 elderly patients with spontaneous intracerebral hemorrhage and
compare the efficacy differences between endoscopic surgery and traditional craniotomy in treating spontaneous
intracerebral hemorrhage. We hope to provide more scientific evidence for clinical practice and promote the widespread
application of minimally invasive surgery in elderly patients.

Subjects and Methods
Study Subjects

A retrospective analysis was conducted on the clinical data of 88 elderly patients with spontaneous intracerebral
hemorrhage admitted to our hospital from July 2021 to April 2024. (1) Inclusion criteria: (O Patients who met the
diagnostic criteria for spontaneous intracerebral hemorrhage as defined in the Guidelines for the Diagnosis and Treatment
of Stroke,'? and were confirmed by cranial CT or MRI; @ Age > 70 years; @ Indicated for surgical treatment with stable
vital signs and tolerable for surgery; @® No history of severe coagulopathy and with normal coagulation function; & No
prior surgical intervention for hematoma evacuation; (6) Complete clinical data including neurological function scores,
inflammatory factor levels, and neurofactor levels; () Informed consent obtained from patients or their legal representa-
tives, including permission for data usage and sample preservation. (2) Exclusion criteria: (O Secondary intracerebral
hemorrhage due to vascular malformations, tumors, or thrombosis; 2) Severe comorbidities such as end-stage organ
failure; 3 Active preoperative infections; #® Very poor neurological baseline or short expected survival; &
Uncorrectable coagulopathies; (& Severe cognitive or psychiatric disorders; (7 Serious intraoperative complications or
early postoperative death; Incomplete follow-up or missing data. Notably, although this study employed
a retrospective design, a subset of preoperative venous blood samples was collected and stored in the hospital’s biobank
under prior informed consent as part of standard clinical care. The use of these samples for research purposes was
reviewed and approved by the Medical Ethics Committee. This study was approved by the Yichang Central People’s
Hospital Medical Ethics Committee (Approval No.: PW24-SS0015) and conducted in accordance with the ethical
principles outlined in the Declaration of Helsinki.
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Surgical Methods

All surgical procedures in both the control and observation groups were performed by the same experienced neurosurgical
team, who had received standardized training in both conventional craniotomy and endoscopic hematoma evacuation
techniques. This was done to minimize inter-operator variability and ensure consistency in surgical quality across both groups.

Control Group

The patients in the control group underwent conventional craniotomy surgery. Preoperative preparation included general
anesthesia and endotracheal intubation. The patients were placed in the supine position, with the head rotated to the
opposite side to obtain the best surgical view. Preoperative planning was based on cranial CT images, combined with the
hemorrhage site and hematoma size, to determine the appropriate surgical approach. After incising the scalp to expose
the surgical area, a drill was used to create a hole in the skull with a diameter controlled between 0.5 and 1.0 cm. A burr
was then used to remove a square bone window approximately 8 cm x 6 cm in size. The size of the bone window was
adjusted according to the location of the brain hemorrhage and the size of the hematoma to ensure sufficient exposure of
the lesion. Once the bone window was opened, the dura mater was exposed using a microscope. A cruciate incision was
made to tear the dura mater and suspend it to ensure a clear field of view. Next, a brain puncture needle (2.7 mm in
diameter and 100 mm in length) was used for precise puncture into the hematoma cavity. A 5 mL syringe was connected
for aspiration to confirm the location of the hematoma and to aspirate the old blood. During the hematoma evacuation
process, excessive stimulation of brain tissue was avoided, ensuring no significant blood clots were left behind. A cortical
fenestration procedure was then performed, with the fenestration diameter approximately 1.5 cm. Under the guidance of
a microscope, the puncture path was followed to enter the hematoma cavity, and the hematoma was further evacuated
until completely cleared. The systolic blood pressure was then continuously raised to approximately 140 mmHg for
5 minutes to ensure no active bleeding before repositioning and fixing the bone flap. A subcutaneous drainage tube was
then placed to drain any excess fluid. A CT scan was performed 24 hours postoperatively. If no significant epidural
hematoma or subcutaneous hematoma was observed, the drainage tube was removed.

Observation Group

Patients in the observation group underwent clinical endoscopic surgery. Preoperative preparation included general
anesthesia and endotracheal intubation. The patients were placed in the supine position with the head maintained in
a neutral position to ensure stable surgical visibility. The appropriate surgical approach and puncture site were selected
based on preoperative cranial CT scans. During the procedure, the Karl Storz endoscope system (diameter 4 mm, length
18 cm, 0° rigid lens) was used for endoscopic guidance. The puncture point was accurately located through the
endoscopic sleeve. The puncture target was located 23 mm from the maximum layer of the hematoma, with the puncture
point marked based on the projection location on the surface of the body from the preoperative CT images. The surgical
incision was made 3 ¢m behind the hairline and 3—4 c¢m to the side of the midline. The length of the incision was
controlled between 4-5 cm. After scalp incision, a milling cutter was used to remove a circular bone window of
approximately 3 cm in diameter, providing sufficient space for the endoscope to guide the procedure. Once the dura
mater was exposed, a cruciate incision was made to suspend the dura mater and provide a clear view of the surgical field.
The puncture site was determined based on preoperative CT images, with the distance from the puncture point to the
midline sagittal plane (typically 3—4 cm) used for localization. The direction of the puncture was kept parallel to the
sagittal plane, and the puncture was aligned along the imaginary line connecting the puncture target and its surface
projection. The puncture depth was determined based on preoperative imaging to ensure the depth from the puncture
target to the outer layer of the frontal bone was consistent with the CT images. In the treatment of subcortical
hemorrhage, the puncture point was chosen at the location where the hematoma was closest to the brain surface, and
throughout the procedure, care was taken to avoid disturbing major cerebral blood vessels, nerves, or functional brain
regions. Under direct endoscopic visualization, careful hematoma evacuation was performed, ensuring no residual blood
clots remained. The systolic blood pressure was then raised, and a thorough evaluation of the bleeding site was
performed using the multi-angle view of the endoscope to assess for active bleeding. After observing for 5 minutes
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with no active bleeding, the dura mater was sutured, the bone window was repositioned and securely fixed with titanium
plates, and the scalp was sutured layer by layer.

Observation Indicators

Surgical Efficacy

Including the duration of the surgery, intraoperative blood loss, and hematoma clearance rate, all of which were recorded
by the medical staff of our hospital. The hematoma clearance rate was calculated as follows: Hematoma clearance rate =
(preoperative hematoma volume - postoperative residual hematoma volume) / preoperative hematoma volume x 100%,

with hematoma volume calculated using 3D Slicer software.

Prognosis

The patients’ hospitalization time and ICU stay time were recorded. Follow-up was conducted via phone or outpatient
visits 3 months post-surgery. During follow-up, the Glasgow Outcome Scale (GOS),"* the National Institutes of Health
Stroke Scale (NIHSS),'* and the Activities of Daily Living (ADL)' scores were assessed. To minimize assessment bias,
these subjective scoring evaluations were performed by clinicians who were blinded to the patients’ treatment group
assignments. The GOS has a total score of 5 points, with higher scores indicating better prognosis. The NIHSS ranges
from 0 to 42 points, with higher scores indicating more severe neurological impairment. The ADL scale has a total score
of 100, with higher scores indicating better functional ability in daily living.

Neurofactor Indicators

Blood samples (10 mL) were collected from the antecubital vein preoperatively and 3 days postoperatively, placed
in anticoagulant tubes, centrifuged at 3000 rpm for 10 minutes, and the serum was separated and stored at —80°C
until tested. Serum levels of superoxide dismutase (SOD), neuron-specific enolase (NSE), nerve growth factor
(NGF), and brain-derived neurotrophic factor (BDNF) were measured using enzyme-linked immunosorbent assay
(ELISA).

Inflammatory Factor Indicators
Remaining serum samples were collected preoperatively and 3 days postoperatively. White blood cell count (WBC),

C-reactive protein (CRP), and procalcitonin (PCT) levels were measured using an automatic biochemical analyzer.

Complications
Including hemorrhage, infection, subcutaneous fluid accumulation, and electrolyte imbalances, all of which were
recorded by the medical staff of our hospital.

Statistical Analysis

GraphPad Prism 8 software was used for plotting, and SPSS 22.0 software was used for statistical processing. Count data
were expressed as percentages (%) and analyzed by y*test. Measurement data were expressed as (X & s). Independent-
sample t-tests were used for comparisons between the two groups, and paired t-tests were used for comparisons within
the same group. A P value of <0.05 was considered statistically significant.

Results

Comparison of Clinical Data

There were no statistically significant differences between the two groups in terms of sex, age, duration of hypertension,
Glasgow Coma Scale (GCS) score at admission, hematoma location, hematoma volume, comorbidities, use of antic-
oagulant medications, preoperative frailty status (assessed by Charlson Comorbidity Index), or time from symptom onset
to surgery (P > 0.05), indicating good comparability between the two groups. See Table 1 for details.

1512 https: Therapeutics and Clinical Risk Management 2025:21



Lei et al

Table | Comparison of Clinical Data (x = s, n[%])

Control (n=44) | Observation (n=44) t/x? P
Gender - - 0.409 0.522
Male 24 (54.55) 21 (47.73) - -
Female 20 (45.45) 23 (52.27) - -
Age (years) 76.82+4.39 77.23+4.74 0.421 0.674
Hypertension Duration (years) 16.63%5.75 17.02+5.38 0.328 0.743
GCS Score (points) 5.31x1.34 5.60+1.52 0.949 0.345
Hemorrhage Location - - 0.562 0.453
Basal Ganglia 32 (72.73) 35 (79.55)
Subcortical 12 (27.27) 9 (20.45)
Hematoma Volume (mL) 70.15£30.06 68.87+31.43 0.195 0.845
Comorbidities - -
Diabetes Il (25.00) 10 (22.73) 0.062 0.802
Coronary Heart Disease 27 (61.36) 25 (56.82) 0.188 0.664
Hyperlipidemia 12 (27.27) 13 (29.55) 0.055 0.813
Use of anticoagulant medications - - 0.090 0.763
Yes 6 (13.64) 7 (1591) - -
No 38 (86.36) 37 (84.09) - -
Charlson Index = 4 (frailty) - - 0.191 0.661
Yes 18 (40.91) 16 (36.36) - -
No 26 (59.09) 28 (63.64) - -
Time from symptom onset to surgery (h) 523 +3.57 5.69 + 3.42 0.617 0.538

Comparison of Surgical Efficacy

The hematoma clearance rate, operation duration, and intraoperative blood loss were (95.37£3.89, 165.82+59.81,
95.86+25.07) in the control group, and (96.03£3.75, 149.37+36.54, 78.35+16.34) in the observation group. There
was no significant difference in hematoma clearance rate between the two groups (P > 0.05). However, the
observation group had significantly shorter operation duration and less intraoperative blood loss compared to the
control group (P < 0.05), as shown in Figure 1.

Observation group Observation group *
Control group Control group
r T T 1 r T T T T 1
0 50 100 150 0 50 100 150 200 250
Hematoma clearance rate (%) Surgical duration (min)
Observation group *

Control group

T 1
0 50 100 150

Intraoperative blood loss (mL)

Figure | Comparison of Surgical Efficacy (x +s).
Note: Compared with the control group at the same time point, *P < 0.05.
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Comeparison of Prognosis

The observation group had significantly shorter ICU stay and hospital stay compared to the control group (P < 0.05). The
GOS scores and ADL scores at 3 months after surgery were higher than before surgery in both groups, while the NIHSS
scores were lower than before surgery. The observation group showed a larger change in these scores (P < 0.05), as
shown in Table 2.

Comparison of Neurobiomarker Levels

In the control group, the levels of SOD were (43.19+7.32), (18.36+4.07), and (20.45+4.92); NSE were (80.65+7.24),
(30.43+5.38), and (28.73£5.16); NGF were (13.54+3.65), (17.384+4.32), and (19.56+4.85); BDNF were (14.23+3.35),
(19.42+4.21), and (21.074+4.92) at pre-surgery, 3-day post-surgery, and 7-day post-surgery, respectively.

In the observation group, corresponding levels were SOD (45.62+6.53), (11.25+3.41), and (13.6243.83); NSE (81.35
+6.82), (22.36+3.44), and (20.71+3.92); NGF (14.72+3.31), (29.43+5.36), and (32.85+5.77); BDNF (13.63+2.85), (36.34
+6.68), and (39.214+6.94).

Compared with preoperative levels, both groups showed a decreasing trend in SOD and NSE and an increasing trend
in NGF and BDNF after surgery, with the observation group showing more significant and sustained changes over time
(P < 0.05), as shown in Figure 2.

Comparison of Inflammatory Factor Levels
The control group showed WBC values of (7.11£1.14), (12.0344.35), and (11.45+£3.97); CRP (9.21£1.24), (69.07+8.13),
and (65.84£7.69); PCT (0.08+0.03), (0.3340.07), and (0.31+0.08). The observation group showed WBC values of (7.52
+1.18), (9.09+2.74), and (8.7242.63); CRP (9.43£1.16), (31.56+5.92), and (28.14+5.37); PCT (0.09+0.03), (0.14+0.03),
and (0.13%0.03).

Although postoperative inflammatory markers increased in both groups, the observation group had milder elevations
and faster downward trends (P < 0.05), suggesting lower postoperative systemic inflammation. Results are shown in
Figure 3.

Comparison of Complications
The total incidence of complications was lower in the observation group (6.82%) compared to the control group
(22.73%) (P < 0.05), as shown in Table 3.

Table 2 Comparison of Prognosis (X £ s)

Control (n=44) | Observation (n=44) tix? P
ICU Stay (days) 9.53+4.16 5.32+3.74 4.992 <0.001
Hospital Stay (days) 39.27+£3.74 30.15£2.98 12.650 <0.001
GOS Score (points) - - - -
Pre-surgery 2.83+0.35 2.76+0.37 0911 <0.001
3 Months Post-surgery 3.45+0.41% 4.2340.54% 7.631 <0.001
NIHSS Score (points) - - - -
Pre-surgery 16.37+3.08 16.65+3.27 0.413 0.680
3 Months Post-surgery 13.04+2.39% 10.422.71% 4.809 <0.001
ADL Score (points) - - - -
Pre-surgery 25.74+4.38 25.12+4.92 0.624 0.534
3 Months Post-surgery 30.27+5.76% 45.93+7.28% 11.189 <0.001

Note: Compared with pre-surgery within the same group, *P < 0.05.
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Figure 2 Comparison of Neurobiomarker Levels (¥ + s).
Notes: Compared with the control group at the same time point, *P < 0.05; Compared with pre-surgery within the same group, #P < 0.05.

Discussion
Spontaneous intracerebral hemorrhage is a common and often fatal condition in elderly patients, typically accompanied
by severe neurological deficits and poor prognosis.'® Despite the significant effectiveness of traditional craniotomy in
treating spontaneous intracerebral hemorrhage, with the continuous development of minimally invasive techniques,
clinical endoscopic surgery has gradually emerged as a novel and effective treatment modality. The purpose of this
study was to compare the clinical efficacy of endoscopic surgery versus traditional craniotomy in treating elderly patients
with late-stage spontanecous intracerebral hemorrhage, and to explore the impact of these two surgical approaches on
patients’ neurological factors, inflammatory factors, and postoperative prognosis. Recent high-quality clinical studies
have further supported the value of minimally invasive surgery in ICH treatment. The MISTIE III trial, a large multi-
center randomized controlled study, demonstrated that image-guided minimally invasive surgery combined with throm-
bolysis could safely reduce hematoma volume and perihematomal edema, with potential improvement in functional
outcomes among patients with large ICH, although the primary endpoint did not reach statistical significance.'’
Additionally, several updated meta-analyses have reaffirmed the benefits of minimally invasive approaches over
conventional craniotomy, indicating lower mortality, better functional recovery, and fewer complications, particularly
in elderly or high-risk populations.'®'? These findings provide further evidence to support the clinical use of endoscopic
evacuation in selected ICH patients and reinforce the present study’s conclusion that endoscopic surgery may be
advantageous in elderly patients.

In this study, no significant differences were found between the two groups regarding postoperative hematoma

20,21

clearance rates (P > 0.05). This result is consistent with previous related studies, indicating that both surgical

methods are generally comparable in terms of hematoma clearance effectiveness. This phenomenon may be closely
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Figure 3 Comparison of Inflammatory Factor Levels (x =+ s).
Notes: Compared with the control group at the same time point, *P < 0.05; Compared with pre-surgery within the same group, #P < 0.05.

related to the technical methods used during the surgeries. Traditional craniotomy allows for direct exposure of the
lesion, providing sufficient operational space for clearing large or complex hematomas. On the other hand, endoscopic
surgery clears the localized hematomas with fine endoscopic equipment. Although this method has limitations in terms of
operational space, its advantages in precise localization and accurate operation due to its minimally invasive nature
enable it to achieve a similar hematoma clearance effect as traditional craniotomy. Nevertheless, when treating different
types of brain hemorrhage, minimally invasive surgery still requires individualized assessment based on the patient’s
specific condition. Additionally, the observation group had a significantly shorter surgical duration and intraoperative
blood loss compared to the control group (P < 0.05). This result suggests that endoscopic surgery offers a distinct
advantage over traditional craniotomy in terms of the surgical process and control of intraoperative blood loss. The
reason for this may be that endoscopic surgery uses minimally invasive techniques with small incisions, effectively

reducing direct damage to brain tissue and the traction on blood vessels during surgery,?* thus lowering the risk of

Table 3 Comparison of Complications [n(%)]

Complication Control (n=44) | Observation (n=44) x? P
Hemorrhage 1 (2.27) 1 (2.27) - -
Infection 4 (9.09) 0 (0.00) - -
Subcutaneous Fluid 2 (4.55) 1 (227) - -
Electrolyte Imbalance 3 (6.82) 1 (2.27) - -
Total Incidence 10 (22.73) 3 (6.82) 4.422 | 0.035
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intraoperative bleeding and shortening the surgical time. Moreover, shorter surgery times also mean less trauma to the
patient, reducing the postoperative recovery burden and further improving the patient’s postoperative prognosis.

Regarding prognosis, this study showed that the ICU stay and hospitalization duration in the observation group were
significantly shorter than those in the control group (P < 0.05). The shortened postoperative recovery time is closely
related to the degree of surgical trauma.>* Due to the smaller trauma of endoscopic surgery, patients recover faster after
surgery, with lighter postoperative immune responses and inflammatory reactions, allowing for quicker recovery and
reduced reliance on intensive care. In contrast, traditional craniotomy, due to its greater trauma, may cause more
pronounced inflammatory responses and immune reactions after surgery, leading to longer ICU stays and hospitalization.
More importantly, the improvement in GOS scores, ADL scores, and NIHSS scores in the observation group was
significantly greater than in the control group (P < 0.05). These assessment indicators not only reflect the patients’
neurological recovery but also reveal changes in their postoperative quality of life. The reason for this improvement is
likely due to the minimally invasive nature of endoscopic surgery, which causes less intraoperative damage, enabling
patients to maintain a higher level of independent living after surgery, thereby improving their overall quality of life.

Neurotrophic factors and oxidative stress-related biomarkers play important roles in the repair process following brain
injury and have increasingly been considered closely associated with patient prognosis in recent years.>* This is
particularly relevant in elderly patients with ICH, where changes in these biomarkers may possess predictive value.
SOD, a key antioxidant enzyme in the body, scavenges free radicals and reduces oxidative damage in brain tissue,
thereby minimizing secondary brain injury.”> In the present study, the observation group exhibited significantly elevated
SOD levels after treatment, suggesting that endoscopic surgery effectively alleviated postoperative oxidative stress.
Previous research®® has shown that increased postoperative SOD levels may be associated with neuroprotective effects
and better neurological outcomes. NSE is a highly specific biomarker of neuronal injury, and elevated levels usually
indicate neuronal apoptosis or necrosis.?” In this study, NSE levels on postoperative days 3 and 7 were significantly lower
in the observation group compared to the control group, indicating that endoscopic surgery can effectively reduce the
extent of postoperative neuronal damage. Literature®® has pointed out that persistently elevated NSE levels are closely
related to poor neurological outcomes, suggesting that NSE may have prognostic value. In addition, NGF and BDNF, as
key neurotrophic factors, play critical roles in neuronal regeneration, synaptic plasticity, and reconstruction of neural
networks. Studies®’ have shown that elevated levels of NGF and BDNF are positively correlated with neurological
recovery after stroke and may serve as biological indicators of neural repair capacity. In this study, the levels of NGF and
BDNF at 3 and 7 days postoperatively were significantly higher in the observation group than in the control group,
indicating that endoscopic surgery not only contributes to neuroprotection but may also promote functional recovery by
upregulating repair-related factors. However, considering the limited sample size and follow-up duration in this study, the
prognostic value of these biomarkers in elderly ICH patients requires further validation through large-scale studies with
long-term follow-up.

Additionally, inflammatory responses represent an important physiological process following cerebral hemorrhage.
However, excessive activation of inflammation may exacerbate brain damage and hinder postoperative recovery.*%!
This study found that although WBC, CRP, and PCT levels increased at 3 and 7 days postoperatively in both groups, the
magnitude of these changes was significantly smaller in the observation group (P < 0.05). This indicates that endoscopic
surgery has a significant advantage in reducing postoperative inflammatory responses. Minimally invasive procedures
reduce tissue trauma, thereby effectively suppressing the postoperative inflammatory response. In contrast, traditional
craniotomy, due to greater surgical trauma, triggers more pronounced immune reactions, leading to significantly elevated
inflammatory markers.>*** Therefore, endoscopic surgery plays an important role in controlling postoperative inflamma-
tion, helping to reduce complications and improve patient outcomes.

Regarding the incidence of complications, this study found that the overall complication rate in the observation group
(6.82%) was lower than that in the control group (22.73%) (P < 0.05). This difference further validates the minimally
invasive advantage of endoscopic surgery. The reduced surgical trauma associated with endoscopic procedures lowers the
risk of postoperative complications such as bleeding and infection. In contrast, traditional craniotomy, due to its

invasiveness, is more likely to cause complications such as cerebral edema, infection, and rebleeding, thereby increasing
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the patient’s treatment burden. Thus, endoscopic surgery not only offers better neurological recovery but also effectively
reduces the incidence of postoperative complications, ultimately improving patients’ quality of life.

The results of this study provide new clinical insights for the treatment of elderly patients with late-stage spontaneous
intracerebral hemorrhage, demonstrating that endoscopic surgery offers superior clinical outcomes compared to tradi-
tional craniotomy. It significantly improves postoperative prognosis, neurological factor levels, quality of life, and
reduces the incidence of complications. For elderly patients, endoscopic surgery, as a minimally invasive treatment
approach, effectively alleviates postoperative physical burdens and enhances patients’ quality of life. However, this study
also has some limitations. First, it is a retrospective analysis, which may have selection bias and missing information.
Second, the sample size is relatively small and only from a single hospital, which may affect the external validity of the
results. Future studies could further validate these conclusions through multicenter, large-sample prospective randomized
controlled trials. In summary, endoscopic surgery provides a safer and more effective treatment option for elderly patients
with late-stage spontaneous intracerebral hemorrhage, and it has important clinical application value.

Conclusion

Endoscopic surgery demonstrates superior clinical efficacy compared to traditional craniotomy in the treatment of elderly
patients with late-stage spontaneous intracerebral hemorrhage. It significantly enhances postoperative neurological
recovery and quality of life while reducing complication rates. As a minimally invasive approach, endoscopic surgery
effectively alleviates the postoperative burden in elderly patients and offers a safer, more effective clinical option.
Despite the limitations of this study, including its retrospective design and limited sample size, the findings highlight the
important clinical value of endoscopic techniques. Further validation through large-scale, multicenter prospective studies
is warranted.
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