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Abstract 

Objective: To compare the efficacy and safety of neuroendoscopic surgery and minimally invasive 
puncture surgery in the treatment of spontaneous cerebral hemorrhage. Methods: The English databases, 
including PubMed, OVID, EMBASE, Cochrane Library, and the Chinese databases, such as CNKI, 
Wanfang and Weipu, were computer searched to collect the relevant literature on the treatment of 
spontaneous cerebral hemorrhage by neuroendoscopic surgery and minimally invasive puncture surgery. 
The included literature was meta-analyzed using Stata 17.0 software. Results: A total of 10 articles 
were included in the study. There were 344 patients in the neuroendoscopy group and 419 patients in 
the minimally invasive puncture group. Compared with the minimally invasive puncture group, the 
clearance rate of postoperative hematoma in the neuroendoscopy group was higher (MD = 19.71; 95% 
CI 4.84-34.57, Z = 2.60, P = 0.01 < 0.05), the amount of hematoma cleared was higher (MD = 16.5; 
95% CI 5.95-27.04, Z = 3.07, P = 0.001 < 0.05), mRS score was lower (MD = -0.49; 95% CI -0.76 
to -0.21, Z = -3.42, P = 0.001 < 0.05); GCS score was higher (MD = 0.74; 95% CI 0.05-1.43, Z = 
2.09, P = 0.04 < 0.05). However, the operation time was longer (MD = 51.44; 95% CI 37.44-65.44, 
Z = 7.20, P = 0.0001 < 0.05) of patients in the neuroendoscopy group than those in the control group. 
Conclusion: Neuroendoscopic surgery is superior to minimally invasive puncture surgery   in the 
treatment of spontaneous intracerebral hemorrhage in hematoma clearance and clearance rate, 
postoperative recovery, and postoperative consciousness recovery. Neuroendoscopic surgery has better 
efficacy and safety.

Keywords: Spontaneous cerebral hemorrhage, neuroendoscopic surgery, minimally invasive puncture 
surgery, meta-analysis
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INTRODUCTION 

Spontaneous intracerebral hemorrhage (sICH) is 
a type of stroke that accounts for about 20% of 
all strokes.1 The mortality rate of patients is as 
high as 40%, and 60-80% of patients will remain 
disabled. It is a devastating cerebrovascular 
disease with high mortality.2,3 In recent years, the 
incidence rate of spontaneous cerebral hemorrhage 
has also increased with the aggravation of the 
ageing population.4,5 And compared with young 
patients, cerebral hemorrhage in elderly patients 
is often accompanied by other diseases, leading 
to more complicated treatment.6 Therefore, the 
choice of the best treatment method is crucial 
for the final efficacy.

	 At present, there are many ways to treat 
sICH, such as traditional craniotomy, puncture 
and aspiration and endoscopic technology.7 
As an open operation, craniotomy can clear 
hematoma well, but it also increases the risk 
of brain tissue injury, which may offset the 
beneficial effects of surgery, especially in the 
case of deep soft tissue hematoma of the brain.8 
Therefore, minimally invasive puncture surgery 
(MIPS) has been introduced to reduce surgical 
trauma by removing hematoma in patients with 
cerebral hemorrhage. This method is less invasive 
but carries a risk of re-bleeding or hematoma 
expansion.4,9 Subsequently, endoscopic surgery 
(ES) has also been widely used in the treatment 
of cerebral hemorrhage10, and the removal of 
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hematoma under an endoscope can significantly 
reduce the occurrence of brain tissue damage.11 
When MIPS and mild hypothermia technology 
are used to remove hematoma, it can reduce the 
damage of hematoma to surrounding brain tissue, 
effectively alleviate inflammatory reaction, reduce 
brain tissue damage, and improve brain function.12 
Although the application of neuroendoscopy 
in the treatment of spontaneous intracerebral 
hemorrhage has gradually increased in recent 
years, the efficacy and safety of neuroendoscopy 
compared with minimally invasive puncture are 
still controversial. Therefore, in this study, we 
adopted the method of evidence-based medicine 
to extract the relevant outcome indicators. 
We conducted a Meta-analysis of the articles 
published in China and abroad on the efficacy and 
safety of neuroendoscopic surgery and minimally 
invasive puncture surgery in the treatment of 
spontaneous intracerebral hemorrhage from 
January 30, 2024, to provide theoretical support 
for the efficacy and safety of clinical treatment 
of spontaneous intracerebral hemorrhage.

METHODS

Literature search strategy

The computer searched the English databases, 
including PubMed, OVID, EMBASE, Cochrane 
Library, and the Chinese databases, such as 
CNKI, Wanfang and Weipu, for the relevant 
literature on the comparison of neuroendoscopic 
surgery and minimally invasive puncture surgery 
for spontaneous intracerebral hemorrhage. 
The language range of the search was limited 
to Chinese and English. The literature was 
updated until January 30, 2024. The keywords 
included “neuroendoscopic surgery”, “endoscopic 
surgery”, “minimally invasive pulse surgery”, 
“spontaneous cerebellar hemorrhage”, “cerebellar 
hemorrhage”, and others.

Inclusion and exclusion criteria

Inclusion criteria were: (1) Population: Patients 
diagnosed with spontaneous cerebral hemorrhage 
according to the diagnostic criteria of the Chinese 
Guideline for the Diagnosis and Treatment 
of Cerebral Hemorrhage, but not limited to 
nationality and course of disease; (2) Intervention 
and comparison: The experimental group received 
ES, and the control group received MIPS for 
sICH; (3) Outcome: Safety and effectiveness 
(hematoma clearance rate, hematoma clearance 
rate, postoperative hematoma, postoperative 

complications, operation time, hospital stay, mRS, 
postoperative GCS score) and other outcome 
indicators of the two treatment schemes; (4) Study 
design: Literature types included randomized 
controlled studies and non-randomized controlled 
studies. 

Exclusion criteria were: (1) There was only one 
surgical method in the study and no comparison 
was made; (2) The patient had cerebral hemorrhage 
caused by trauma, aneurysm, hemangioma, and 
other reasons; (3) Important data was missing 
or could not be extracted; (4) Repeat published 
literature.

Data extraction and document quality evaluation

Two researchers screened the literature according 
to the inclusion criteria and exclusion criteria. 
After reading the full text of the included literature, 
they extracted the general data (Table 1), such as 
the author, the year of publication, the average 
age of the patient, the volume of preoperative 
hematoma, et al. and the outcome index data. In 
case of dispute, the third researcher participated in 
the decision process. Since most of the literature 
included in this paper were case-control studies 
and cohort studies, the Newcastle-Ottawa scale 
(NOS) was used to evaluate the quality of the 
literatures.

Statistical methods

Combined meta-analysis and publication offset 
evaluation were performed using Stata 17.0 
software. The effects of categorical variables 
were described by relative risk (RR) and 95% 
CI, while continuous variables were described by 
mean difference (MD) and 95% CI. I2 test were 
used to test the heterogeneity of the included 
literature. If I2 <50%, there was no statistical 
difference in the heterogeneity of the included 
literature. A fixed effect model was used. 
Otherwise, there was a statistical difference in 
the heterogeneity of the included literature. A 
random effect model was used, and the source of 
heterogeneity was analyzed. Egger’s test was used 
for risk bias assessment. P < 0.05 was considered 
that the combined effect quantity MD or RR was 
statistically significant.

RESULTS

Literature retrieval process

A total of 341 relevant literature were retrieved 
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from databases, including 308 in English and 33 
in Chinese. A total of 241 literature were obtained 
after removing duplicate literature. 82 remaining 
literature were obtained after reading the titles 
and abstracts of the literature. After receiving 
the full text of 82 literature, re-screening was 
conducted to obtain 15 literature that involved 
relevant systematic reviews, reviews, and animal 
experiments. After carefully reading the full 
text, the literature data were examined. Finally, 
10 studies were included, and other 5 literature 
were excluded due to incomplete data or unable 
to extract data, as shown in Figure 1.

Literature quality evaluation

This paper evaluated the bias risk of the included 
literature according to the NOS scale. The total 
score of the cohort selection was 4, the total 
score of the comparability of the cohort was 3, 

Figure 1. Flow chart of the inclusion process of literature

the total score of the result analysis was 3, and 
the total score was 10. Among the 10 articles we 
included, 2 articles had a total score of 914,1, 2 
articles had a total score of 813,15, 3 articles had 
a total score of 716,18,21, and 3 articles had a total 
score of 6.19,20,22 The total scores were all larger 
than 5. Therefore, the quality of the 10 articles 
included was relatively high, as shown in Table 2.

Meta analysis of clinical results

Comparison of postoperative hematoma clearance 
rate of patients

A total of 9 articles13-16,18-22 reported the 
comparison of hematoma clearance rate 
between neuroendoscopic surgery and MIPS 
in the treatment of sICH. The heterogeneity 
analysis found that I2 = 99.08%, with high 
heterogeneity. Through the analysis of the source 
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of heterogeneity, it was found that it might 
be caused by the difference in the operator’s 
proficiency and the hematoma measurement 
method. Therefore, a random effect model was 
used to conduct a combined analysis of the effects. 
The results indicated that the hematoma clearance 
rate of neuroendoscopic surgery was better than 
that of MIPS (MD = 19.71; 95% CI 4.84-34.57, 
Z = 2.60, P = 0.01 < 0.05), and the difference 
was statistically significant (Figure 2).

Comparison of hematoma clearance volume after 
operation

A total of 6 articles14,15,17-20 reported the comparison 
of hematoma clearance in the treatment of sICH by 
the two methods. The heterogeneity analysis found 
that I2 = 98.25%, with high heterogeneity. After 

the examination of the source of heterogeneity, 
it was found that the hematoma clearance in 
neuroendoscopic surgery was more than that in 
MIPS (MD = 16.5; 95% CI: 5.95-27.04, Z = 3.07, 
P = 0.001 < 0.05), The difference was statistically 
significant (Figure 3).

Comparison of postoperative hematoma of 
patients

A total of 413,15,18,19 articles reported the comparison 
of two methods for the treatment of postoperative 
hematoma of a sICH. The heterogeneity analysis 
found that I2 = 97.31%, with high heterogeneity. 
After subgroup analysis, it was found that P = 
0.001. The heterogeneity source analysis was the 
study of Cai et al.13 After removing this study, it 
was found that I2 = 7.18% < 50%, and the fixed 

Table 2: NOS quality evaluation

Included literature Queue selection 
(points)

Comparability 
(points)

Results 
(points)

Total 
(points)

Cai 201713 4 1 3 8
Cai 202214 4 2 3 9
Cho 200615 4 1 3 8
Fu 201816 3 2 2 7
Goyal 201917 4 2 3 9
Li 201718 3 1 3 7
Li 201819 3 2 2 6
Tang 201820 3 1 2 6
Xiao 202021 3 1 3 7
Zhang 201722 3 1 2 6
NOS: Newcastle-Ottawa scale 

Figure 2.	Comparison of hematoma clearance rate between neuroendoscopic surgery and minimally invasive 
puncture surgery for spontaneous intracerebral hemorrhage
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effect model was used for the combined analysis 
of effect quantities. The results demonstrated no 
significant difference between the postoperative 
hematoma of neuroendoscopic surgery and MIPS 
(MD = -0.14; 95% CI -1.16-0.89, Z = 1.60, 
P = 0.45 > 0.05), and the difference was not 
statistically significant (Figure 4).

Comparison of postoperative complications of 
patients

A total of 9 articles13,15-22 reported the comparison of 
the two methods for the treatment of postoperative 
hematoma of sICH. The heterogeneity analysis 
found that I2 = 63.68%, and the heterogeneity 

among the included literature was moderate. 
The combined analysis of the effects by the 
random effect model found that the postoperative 
complications of neuroendoscopic surgery and 
MIPS were not significant (RR = -0.44; 95% 
CI -0.97-0.09, Z = -1.63, P = 0.10 > 0.05), 
The difference was not statistically significant 
(Figure 5).

Comparison of operation time of two methods

A total of 4 articles15,16,19,21 reported the comparison 
of the operation time of the two methods for the 
treatment of sICH. The heterogeneity analysis 
found that I2 = 92.33%, and there was high 

Figure 3.	Comparison of hematoma clearance between neuroendoscopic surgery and minimally invasive puncture 
surgery for spontaneous intracerebral hemorrhage

Figure 4.	Comparison of neuroendoscopic surgery and minimally invasive puncture surgery in the treatment of 
hematoma after spontaneous intracerebral hemorrhage
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heterogeneity among the included literature. 
The analysis of heterogeneity sources found 
that it may be caused by the difference in the 
surgical proficiency of the surgical operators 
and the difference in the recording standard of 
the operation time. Therefore, the random effect 
model was used for the combined analysis of the 
effect amount. The results indicated that the time 
of neuroendoscopic surgery was much longer than 
that of MIPS (MD = 51.44; 95% CI 37.44-65.44, 
Z = 7.20, P = 0.0001 < 0.05), and the difference 
was statistically significant (Figure 6).

Comparison of hospitalization time of patients

A total of 6 articles15,17,18,20-22 reported the 
comparison of hospitalization time of patients 
with sICH treated by the two methods. The 
heterogeneity analysis found that I2 = 94.85%, and 
there was high heterogeneity among the included 
literature. The difference in hospitalization time 

between different hospitals was relatively large. 
A random effect model was used to conduct a 
combined analysis of the effects. However, the 
results indicated no difference in hospitalization 
time between the two treatment methods for 
patients with sICH (MD = -1.63; 95% CI 
-3.96-0.71, Z = -1.36, P = 0.17 > 0.05), and 
the difference was not statistically significant 
(Figure 7).

Comparison of mRS scores of patients after 
operation

A total of 5 articles17-20,22 reported the comparison 
of postoperative mRS scores of patients with sICH 
treated by the two methods. The heterogeneity 
analysis found that I2 = 62.03%, and the 
heterogeneity among the included literature was 
moderate. The combined analysis of effect sizes by 
random effect model found that the postoperative 
mRS scores of patients with sICH treated by 

Figure 5. 	Comparison of postoperative complications of neuroendoscopic surgery and minimally invasive puncture 
surgery for spontaneous intracerebral hemorrhage

Figure 6. 	Comparison of postoperative complications of neuroendoscopic surgery and minimally invasive puncture 
surgery for spontaneous intracerebral hemorrhage
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neuroendoscopic surgery were lower than those 
of MIPS (MD = -0.49; 95% CI -0.76 to -0.21, Z 
= -3.42, P = 0.001 < 0.05). The results showed 
that the postoperative recovery of patients with 
sICH treated by neuroendoscopic surgery was 
better than that of MIPS, and the difference was 
statistically significant (Figure 8).

Comparison of postoperative GCS scores of 
patients

A total of 5 articles13-15, 21-22 reported the comparison 
of postoperative GCS scores of patients with sICH 
treated by the two methods. The heterogeneity 
analysis found that I2 = 59.32%, indicating 
moderate heterogeneity among the included 
literature. The combined analysis of effect 
quantity by random effect model showed that the 
postoperative GCS score of patients with sICH 
treated by neuroendoscopic surgery was higher 
than that of MIPS (MD = 0.74; 95% CI 0.05-1.43, 
Z = 2.09, P = 0.04 < 0.05). The results showed 
that the postoperative consciousness recovery of 

patients with sICH treated by neuroendoscopic 
surgery was better than that of MIPS, and the 
difference was statistically significant (Figure 9).

Risk of bias assessment

The included outcome indicators, including 
hematoma clearance rate, hematoma clearance 
(mL), postoperative hematoma (mL), postoperative 
complications, operation time, hospital stay, mRS 
and GCS, were evaluated for risk bias using 
Egger’s test. It was found that there was no risk 
bias between all outcome indicators (P>0.05).

DISCUSSION

sICH has a high mortality and disability rate, 
which seriously threatens people’s life and 
health. The reason for the poor prognosis of 
cerebral hemorrhage is not only the initial 
injury and primary injury of brain tissue, such 
as inflammation, brain tissue edema, intracranial 
hypertension, and intracranial hemodynamic 

Figure 7.	Comparison of hospitalization time between neuroendoscopic surgery and minimally invasive puncture 
surgery for spontaneous intracerebral hemorrhage

Figure 8.	Comparison of postoperative mRS scores of patients with spontaneous cerebral hemorrhage treated by 
neuroendoscopic surgery and minimally invasive puncture surgery
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changes, but also secondary brain injury, 
such as secondary hematoma enlargement.23,24 
Meanwhile, water development around hematoma 
is also an important cause of early neurological 
deterioration.25,26 Surgical treatment is for large 
blood clots caused by sICH. Relevant studies 
have shown that early surgery is beneficial to 
neurological function recovery and reduces 
complications.14,22 Neuroendoscopic surgery and 
MIPS are both important methods for removing 
intracerebral hematoma, and both have their 
own advantages and disadvantages. With the 
introduction of minimally invasive techniques, 
the application of neuroendoscopic surgery in 
sICH is increasing. The operation domain of 
this method is clearer and can reduce blind 
operation. Hematoma clearance rate is higher, 
but the operation time is longer.15,16,21 However, 
MIPS has less trauma and shorter operation 
time15,16, but the hematoma clearance rate may 
be relatively low.14,17,22 Therefore, we conducted 
a meta-analysis to compare the efficacy and 
safety of neuroendoscopic surgery and MIPS in 
the treatment of sICH.
	 A total of 10 literatures13-22 were included in 
this study, including 763 patients with sICH, 
including 344 patients in the neuroendoscopy 
group and 419 patients in the MIPS group. The 
results of meta-analysis showed that compared 
with the MIPS group, the neuroendoscopy group 
had a higher hematoma clearance rate and a higher 
hematoma volume. Early hematoma removal 
can protect brain tissue from injury, so effective 
hematoma removal is an important principle 
to save life and improve long-term quality of 
life. The exact surgical method for cerebral 
hemorrhage has not been established. In the past 
few decades, craniotomy and hematoma removal 

have been the primary options, characterized by 
good vision, complete removal of hematoma, 
ease of hemostasis, and satisfactory reduction 
of intracranial pressure.27,28 However, the trauma 
area of craniotomy is large and the postoperative 
recovery effect is not satisfactory.4,29 Studies have 
reported that the clearance rate of hematoma in 
neuroendoscopic treatment is as high as 84% 
~ 99%13,30, much higher than MIPS. However, 
the non-operative time of this method is long 
(P<0.05), so it is not suitable for all cases. When 
some patients urgently need to reduce intracranial 
pressure, MIPS is more suitable.31 Endoscopic 
neurosurgery is small in trauma area and easy to 
be illuminated by deep searchlight, which can 
effectively avoid brain tissue damage caused by 
blurred vision. The hematoma was completely 
removed, the therapeutic effect of the patient 
was improved, and the prognosis of the patient 
was also significantly improved. In this paper, 
we also reached a consensus that mRS Score was 
lower and GCS score was higher (P<0.05). The 
difference was statistically significant. Therefore, 
the efficacy and safety of endoscopic neurosurgery 
in the treatment of sICH are superior to MIPS.
	 This paper also has some limitations. Firstly, 
due to the characteristics of sICH, all the 10 
articles included in this paper were retrospective 
cohort studies, which were inferior to randomized 
controlled studies of evidence-based medicine. 
Future research should aim to conduct large-scale, 
multicenter randomized controlled trials (RCTs) 
to enhance the generalizability of the findings. 
Additionally, standardizing the inclusion and 
exclusion criteria across studies will improve 
the comparability of results. Secondly, the study 
was limited to Chinese and English, which may 
also lead to some bias. Furthermore, the imaging 

Figure 9.	Comparison of postoperative GCS scores of patients with spontaneous intracerebral hemorrhage treated 
by neuroendoscopic surgery and minimally invasive puncture surgery
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methods used to evaluate hematoma clearance 
and postoperative recovery vary between studies, 
leading to potential inconsistencies in outcome 
assessments. Future studies should adopt 
standardized imaging protocols and advanced 
imaging technologies, such as high-resolution MRI 
or CT, to ensure more accurate and reproducible 
measurements. Emerging technologies and 
methodologies offer opportunities to overcome 
current limitations. For instance, the integration 
of artificial intelligence and machine learning 
algorithms in imaging and data analysis can 
enhance the precision of assessments and provide 
deeper insights into the factors influencing surgical 
outcomes. Most current studies focus on short-
term outcomes, such as immediate postoperative 
recovery and hematoma clearance. Future research 
should include long-term follow-up to evaluate the 
sustained effects of neuroendoscopic surgery on 
functional outcomes, quality of life, and overall 
survival. This will provide a more comprehensive 
understanding of the long-term benefits and 
potential risks associated with the procedure. By 
addressing these limitations, future studies can 
better significantly advance our understanding 
and treatment of sICH. 
	 This study integrates the literature on the 
influence of neuroendoscopic surgery and 
MIPS on sICH for meta-analysis. The results 
showed no statistical difference in postoperative 
complications, postoperative hematoma and 
hospital stay between neuroendoscopic surgery 
and MIPS. Still, the hematoma clearance and 
clearance rate of patients undergoing manual 
neuroendoscopic surgery were relatively high. The 
postoperative recovery (mRS) and consciousness 
recovery (GCS) were better after conducting 
neuroendoscopic surgery. The operation took 
longer in neuroendoscopy. Therefore, the effect 
of neuroendoscopic surgery in the treatment of 
sICH is better than that of MIPS.
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