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Abstract 

Background and aims  Endoscopic surgery (ES) and small bone window craniotomy (SBWC) are commonly used 
methods for hematoma removal in cases of intracerebral hemorrhage (ICH). However, their long-term efficacy 
and safety remain uncertain.

Methods  A systematic search was performed in the PubMed, Embase, and Cochrane Library databases from incep-
tion to June 30, 2024. The primary outcomes assessed were the 6-month favorable functional outcome rate 
and the hematoma evacuation rate. Following the meta-analysis, a trial sequential analysis (TSA) was conducted 
to validate the findings.

Results  Six randomized controlled trials were included in the meta-analysis. ES demonstrated a higher 6-month 
favorable functional outcome rate compared to SBWC (56.8% vs. 48.0%, relative risk [RR] 1.20, 95% confidence interval 
[CI] 1.05–1.38, I2 = 28%), with TSA supporting this result. The hematoma evacuation rate was also higher in the ES 
group (mean difference [MD] 6.41, 95% CI 1.83–10.99, I² = 95%); however, the TSA did not support this result due 
to the potential false-positive. Additionally, ES was associated with shorter operation times, less blood loss during sur-
gery, and a lower pneumonia rate compared to SBWC (MD -112.35, 95% CI -165.27 to -59.43; MD -151.22, 95% CI 
-279.60 to -22.84; RR 0.68, 95% CI 0.51–0.91).

Conclusions  The meta-analysis and TSA indicate that ES offers better long-term efficacy, shorter operation times, 
less blood loss, and a lower rate of pneumonia compared to SBWC. Therefore, prioritizing ES over SBWC for treating 
ICH appears to be a reasonable approach.
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Introduction
Intracerebral hemorrhage (ICH) is a critical medical 
emergency with a high risk of mortality and long-term 
disability. Mortality rates 12 months after ICH range 
from 46.7 to 63.6% [1], while the proportion of patients 
achieving functional independence varies between 12% 
and 39% [2]. Hypertension stands out as the most promi-
nent risk factor associated with ICH; other notable risk 
factors include cerebral amyloid angiopathy and the use 
of anticoagulants [3, 4]. Consequently, older adults are 
particularly vulnerable to ICH due to their increased 
likelihood of encountering these risk factors [3]. With an 
aging population, the incidence of ICH is expected to rise 
in the future.

Guidelines from multiple countries recommend 
supratentorial hematoma removal for patients with 
a Glasgow Coma Scale (GCS) score of 9 to 12 or those 
experiencing deteriorating conditions [5–7]. Several 
methods are currently available for hematoma removal, 
including traditional craniotomy, minimally invasive 
puncture surgery, and endoscopic surgery (ES), each with 
its advantages and considerations [8]. Traditional crani-
otomy provides a clear surgical view, facilitating effec-
tive reduction of hematoma volume and alleviation of 
perihematomal edema compared to conservative medical 
management [9, 10]. However, current evidence does not 
consistently support superior outcomes with this method 
[8, 11, 12], possibly due to additional damage to normal 
brain tissue during the procedure [13]. Minimally inva-
sive puncture surgery is the least invasive approach but 
lacks direct visualization and real-time bleeding control, 
which may limit its effectiveness in certain cases [8]. In 
contrast, ES combines several advantages of the afore-
mentioned methods: it requires only a small (2 to 3 cm 
diameter) bone window, allows for direct visualization of 
the hematoma, and provides immediate bleeding control 
[13–15]. Therefore, ES may be the optimal choice.

Several meta-analyses have compared the efficacy and 
safety of ES and traditional craniotomy [4, 8, 16]. How-
ever, significant heterogeneity—likely due to variations 
in bone window size, differing definitions of favorable 
functional outcomes, and varying follow-up periods—
may limit the generalizability of these results and impact 
clinical decision-making. Furthermore, the traditional 
meta-analysis may increase the risk of Type I errors due 
to repeated significance testing, whereas trial sequential 
analysis (TSA) can overcome this limitation and offer the 
advantage of estimating the sample size required to draw 

conclusive results. Therefore, we conducted a meta-anal-
ysis and TSA to comprehensively compare the long-term 
efficacy and safety of small bone window craniotomy 
(SBWC) versus ES for spontaneous ICH.

Materials and methods
Search strategy
This meta-analysis followed the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines and was prospectively registered 
on PROSPERO (Registration no. CRD42024566333) [17]. 
The search strategies combined MeSH Terms/Emtree 
terms and text words, including “intracranial hemor-
rhages,” “intracerebral hemorrhage,” “neuroendoscopy,” 
“neuroendoscopic,” “craniotomy,” and “random.” Two 
experienced physicians conducted a systematic search of 
the PubMed, Embase, and Cochrane Library databases 
from inception to June 30, 2024. The detailed search 
strategy is outlined in Supplementary Table 1.

Study selection
The inclusion criteria were as follows: (1) the randomized 
controlled trials (RCTs) comparing ES and SBWC; (2) 
adult patients aged 18 years or older diagnosed with ICH; 
(3) studies reporting either the 6-month favorable func-
tional outcome rate or hematoma evacuation rate. Exclu-
sion criteria included: (1) non-English language articles; 
(2) non-full text; (3) studies with fewer than ten patients 
in each treatment arm; (4) insufficient information on 
primary outcomes; (5) cases of supratentorial intracer-
ebral hemorrhage associated with a head injury, cerebral 
tumor, aneurysm, or arteriovenous malformation; and (6) 
brain herniation at admission. Two independent authors 
screened these studies, and any discrepancies were 
resolved through consensus.

Outcome assessment
The primary outcomes in this meta-analysis were the 
6-month favorable functional outcome rate and the 
hematoma evacuation rate. The 6-month favorable func-
tional outcome rate was defined as the modified Rankin 
Scale (mRS) of 0–3 points at six months [4, 16]. The 
hematoma evacuation rate was determined as the per-
centage reduction in hematoma volume before and after 
surgery.

Secondary outcomes included: the 6-month mortality 
rate (all-cause mortality at six months postoperatively), 
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the rebleeding rate (recurrent bleeding during the fol-
low-up period), operation time, blood loss during the 
operation, ICU stay duration, hospital stay duration, 
pneumonia rate, and intracranial infection rate.

Data extraction and quality assessment
Data extracted independently by two authors from the 
selected studies included: the first author, publication 
year, enrollment period, number of participants receiving 
ES or SBWC, baseline characteristics of the study popu-
lation, and outcomes of interest. If any studies lacked the 
necessary outcomes or data, corresponding authors were 
contacted to obtain the missing information.

The RCTs were assessed employing the Cochrane Risk 
of Bias 2 tool [18]. This tool assessed randomization pro-
cesses, deviations from intended interventions, missing 
outcome data, outcome measurement, and selection of 
reported results, providing an overall bias assessment 
categorized as low risk, some concerns, or high risk.

Statistical analysis
Relative risk (RR) with a 95% confidence interval (CI) 
was calculated for dichotomous data, and weighted mean 
difference (MD) with a 95% CI was calculated for con-
tinuous outcomes [19, 20]. When only the median and 
first and third quartiles were available, mean values and 
standard deviations were estimated through transforma-
tions [19, 20]. Heterogeneity in the meta-analysis was cat-
egorized as low, moderate, or high based on I² thresholds 
of 25%, 50%, and 75%, respectively [21]. A fixed-effects 
model was used to create the forest plot when P-values 
exceeded 0.10 and I² was less than 50%; otherwise, a 
random-effects model was applied [22]. Publication bias 
was not assessed due to low test power with fewer than 
ten studies [23]. Subgroup and sensitivity analyses were 
not conducted due to the limited number of studies. A 
statistically significant two-sided P-value was defined as 
< 0.05. Statistical analyses were conducted using RevMan 
version 5.3 (The Nordic Cochrane Centre, Copenhagen, 
Denmark).

Trial sequential meta‑analysis
The TSA could estimate the sample size that is adequate 
to draw conclusive results based on an anticipated prior 
intervention effect. Therefore, it complements conven-
tional meta-analysis by reducing the risk of false posi-
tives (type I errors) and false negatives (type II errors) 
associated with small sample sizes and repeated signifi-
cance testing [24]. In TSA, The Z-value is the test statis-
tic, where |Z| = 1.96 corresponds to a P-value of 0.05. 
As the Z-value increases, the corresponding P-value 
decreases. The Z-value is calculated iteratively as studies 
are sequentially added to the meta-analysis, producing a 

cumulative Z-curve [25]. The stability and conclusiveness 
of the meta-analysis results are evaluated based on the 
cumulative Z-curve’s position relative to several bounda-
ries: the conventional boundary, which represents the 
significance level of a traditional meta-analysis (P = 0.05); 
the trial sequential monitoring boundary (TSMB), which 
is an adjusted benefit/harm threshold calculated based 
on the priori intervention effect; the futility boundary, 
which is an adjusted threshold for non-superiority and 
non-inferiority testing; and the required information size 
(RIS), which denotes the number of patients needed to 
achieve adequately powered results for assessing inter-
vention efficacy [26]. The stability and conclusiveness of 
the meta-analysis results are determined when the cumu-
lative Z-curve crosses the TSMB, reaches the RIS, or 
enters the futility boundary, otherwise, further research 
is needed [24, 27]. 

TSA was conducted using TSA software version 
0.9.5.10 (www.​ctu.​dk/​tsa). The significance level (type 
I error rate) and statistical power were set at 5% and 
80%, respectively. The effect model used was consistent 
with the meta-analysis, and calculations for relative risk 
reduction and MD were based on an RCT with a low risk 
of bias (Xu et al. [13]). The TSMB was autogenerated by 
the software according to the significance level, statistical 
power and the relative risk reduction or MD. The adjust-
ment of RIS for heterogeneity was conducted based on 
model variance.

Results
Search results and study characteristics
The flow diagram for identifying eligible studies is shown 
in Fig. 1. An initial search across three databases yielded 
75 records after excluding 61 duplicates. Following title 
and abstract screening, 55 studies were excluded. The 
remaining 20 articles were subjected to full-text assess-
ment based on the predefined inclusion and exclusion 
criteria. Of these, 14 were further excluded for the fol-
lowing reasons: no results posted (n = 4), non-RCTs 
(n = 3), unclear craniotomy method (n = 2), no endo-
scopic surgery (n = 2), no small bone window craniotomy 
(n = 2), and duplicate records (n = 1). Consequently, 6 
RCTs were included in the meta-analysis. Detailed rea-
sons for the exclusion of each study are provided in Sup-
plementary Table 2.

Among the studies included in our analysis, one was 
multicenter RCT [13], while the remaining five were 
single-center RCTs [14, 15, 28–30]. All studies were con-
ducted in Asia, specifically in China and Thailand. The 
bleeding sites varied, including the basal ganglia, thala-
mus, and cerebral lobes, with or without ventricular rup-
ture. The preoperative hematoma volume ranged from 
30.1 ml to 52.4 ml, and the average age of the patients 

http://www.ctu.dk/tsa
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ranged from 50 to 56.7 years. Additionally, most patients 
had a history of hypertension. Detailed characteristics of 
the included studies are provided in Table 1.

Risk of bias
The Cochrane Risk of Bias 2 tool was used to assess the 
included RCTs. Five RCTs were noted to have some con-
cerns about the randomization process due to unclear 
sequence concealment. Four RCTs had concerns related 
to deviations from intended interventions and the 
selection of reported results, as they did not specify if 
deviations occurred within the trial or adhere to a pre-
specified protocol. Overall, only one RCT was rated as 
having a low risk of bias, while the remaining five were 
categorized as having some concerns. Detailed results are 
presented in Fig. 2.

Primary outcomes
The 6‑month favorable functional outcome rate
Based on the included three RCTs with 653patients, 
ES was superior to SBWC in achieving the 6-month 

favorable functional outcome rate (56.8% vs. 48.0%, RR 
1.20, 95% CI 1.05–1.38), with low heterogeneity (I² = 
28%) (Fig. 3A). To avoid false positive conclusions (type 
I errors), TSA was performed. The TSA indicated that 
the RIS was 1191 patients, and the cumulative Z-curve 
exceeded both the conventional boundary and the 
TSMB, thereby confirming the robustness of the meta-
analysis findings (Fig. 3B).

The hematoma evacuation rate
The hematoma evacuation rate was reported in five 
RCTs, involving 919 patients. ES showed a significantly 
higher hematoma evacuation rate compared to SBWC 
(MD 6.41, 95% CI 1.83–10.99); however, the heteroge-
neity was considerable (I² = 95%) (Fig.  4A). Although 
the cumulative Z-curve crossed the conventional 
boundary in the TSA, the boundary required for the 
RIS was not reached due to insufficient data (Fig. 4B). 
Therefore, the superiority of ES cannot be definitively 
established due to the potential for false-positive 
results, highlighting the need for further research.

Fig. 1  Flow diagram for the identification of eligible studies. RCT, randomized controlled trial
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Secondary outcomes
The 6‑month mortality rate
 Three RCTs involving 737 patients reported dichoto-
mous data on the 6-month mortality rate. There was no 
significant difference between the ES and SBWC groups, 
with very low heterogeneity (14.9% vs. 14.4%, RR 1.03, 
95% CI 0.73–1.45, I² = 0) (Fig. 5A).

The rebleeding rate
Only 2 RCTs, involving 663 patients, reported dichoto-
mous data on the rebleeding rate. Analysis of the pooled 
data showed no significant difference in the rebleeding 
rate between patients treated with ES and SBWC, with 
very low heterogeneity (3.6% vs. 5.2%, RR 0.70, 95% CI 
0.34–1.43, I² = 0) (Fig. 5B).

The operation time and the amount of blood loss 
during the operation
Five RCTs with 919 patients assessed operation time, 
and four of these RCTs evaluated the amount of blood 
loss during the operation with 849 patients. ES demon-
strated a shorter operation time and less blood loss com-
pared to SBWC (MD −112.35, 95% CI −165.27 to −59.43; 
MD −151.22, 95% CI −279.60 to −22.84). However, these 
comparisons exhibited substantial heterogeneity (I² = 
98% and I² = 99%) (Fig. 5C and D).

Pneumonia rate and intracranial infection rate
There were three RCTs, comprising 729 patients, that 
provided pneumonia rate. The ES demonstrated a lower 
pneumonia rate with very low heterogeneity (16.4% vs. 
23.6%, RR 0.68, 95% CI 0.51–0.91, I² = 0). Five RCTs 
reported the data of intracranial infection rate with 977 
patients, and no significant difference was found between 
the ES and SBWC groups (3.3% vs. 5.3%, RR 0.63, 95% CI 
0.35–1.15, I² = 12%) (Fig. 5E and F).

ICU stay time and hospital stay time
Only two and one RCTs provided the data on ICU stay 
time and hospital stay time, respectively. The meta-anal-
yses did not show significance regarding the above out-
comes (MD −0.19, 95% CI −0.94–0.57, I² = 34%; MD 
0.80, 95% CI −1.97–3.57) (Fig. 5G and H).

Discussion
In the present meta-analysis, we included all related 
RCTs to compare ES and SBWC, providing clinical 
guidelines based on high-level evidence. To our knowl-
edge, this is the first meta-analysis and TSA assessing the 
long-term efficacy of the ICH. Our analysis revealed that 
ES significantly improved the rate of favorable functional 
outcomes at 6 months compared to SBWC. However, the 
comparative effectiveness in terms of hematoma evacu-
ation remains unclear. Additionally, ES was associated 

Fig. 2  Risk of bias of included RCTs. +, low risk; ?, Some concerns; !, high risk
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with significantly lower operation time, blood loss during 
the procedure, and pneumonia rate compared to SBWC. 
Both ES and SBWC showed similar outcomes regarding 
the 6-month mortality rate, rebleeding rate, intracra-
nial infection rate, ICU stay duration, and hospital stay 
duration.

The favorable functional outcome was one of the pri-
mary efficacy outcomes in the present meta-analysis, as 
it could reflect the neurological functions that support 
patients’ daily activities after the intervention. The func-
tional assessment tools vary for the ICH, including mRS, 
Barthel Index, Glasgow Outcome Scale score, Activity 
of Daily Living, and Glasgow Prognosis Scale GRADE 
[4, 8]. This variability complicates data pooling. Assum-
ing these tools have similar discriminatory abilities might 
lead to significant heterogeneity. Moreover, the varia-
tions in follow-up periods may reflect patients’ prognosis 
at different stages of recovery. Pooling analyses without 

considering these follow-up periods could also contribute 
to substantial heterogeneity. Although several previous 
meta-analyses have compared ES and SBWC [4, 8, 16], 
there is insufficient robust evidence to support the prior-
ity of ES, as the issues mentioned above have not been 
addressed. To mitigate the high heterogeneity across 
studies and ensure a high-quality outcome, we exclusively 
included RCTs reporting 6-month mRS outcomes. A 
previous network meta-analysis comparing conventional 
craniotomy, ES, minimally invasive puncture surgery, and 
conservative medical treatment indicated that ES was 
ranked first in the favorite functional outcome, consist-
ent with our findings [8]. Furthermore, we conducted a 
TSA to substantiate the meta-analysis findings, thereby 
enhancing the robustness and reliability of our results.

Another primary outcome was the hematoma evacu-
ation rate, as the removal of the hemorrhage is crucial 
for improving neurological function and saving lives, as 

Fig. 3  Forest plot and trial sequential analysis of the 6-month favorable functional outcome rate. A Forest plot showing the pooled 6-month 
favorable functional outcome rate in patients with ES versus SBWC. ES showed a superior 6-month favorable functional outcome rate compared 
to SBWC. B The Y-axis represents the z-scores for effect sizes, and the Z-curve (blue line) along the X-axis shows the trend of cumulating evidence 
toward achieving maximal information. The conventional boundary (dotted black lines) represents the meta-analysis efficacy boundary (|Z| = 
1.96, P = 0.05), and the trial sequential monitoring boundary (dotted red lines) and futility boundary (dotted red lines) represent the conclusive 
boundary in the TSA. The cumulative Z-curve crossed both the conventional boundary and the TSMB, affirming ES’s superior efficacy over SBWC 
regarding the 6-month favorable functional outcome rate. CI, confidence interval; ES, endoscopic surgery; RIS, required information size; SBWC, 
small bone window craniotomy
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demonstrated by a recent multicenter RCT [13]. There-
fore, the hematoma evacuation rate may be a key indica-
tor associated with the patient’s prognosis. It is typically 
advised to remove the hematoma until the remaining vol-
ume is less than 15 ml [7, 12, 31, 32]. A prior meta-anal-
ysis has shown that the ES could improve the hematoma 
evacuation rate compared with SBWC [4], and the pre-
sent meta-analysis confirmed this finding. Unfortunately, 
the significant heterogeneity and the results from the 
TSA prevent us from generalizing this conclusion. There-
fore, further TSA is needed as more relevant studies are 
published to resolve this uncertainty in the future.

Interestingly, we observed that patients in the ES 
group had a lower incidence of pneumonia than those 
in the SBWC group, which contrasts with a previous 
meta-analysis [4]. One possible explanation is that 
patients in the ES group may resume out-of-bed activi-
ties and daily life sooner, potentially reducing pneumo-
nia risk. However, there is currently a lack of relevant 

data to support this hypothesis, and further research is 
needed to confirm our results. For the 6-month mortal-
ity rate and the rebleeding rate, SBWC exhibited similar 
efficacy to ES, consistent with the previous four meta-
analyses [4, 8, 16, 33]. ES does not appear to improve 
mortality or reduce the rebleeding rate compared to 
SBWC, likely due to the limited number of included 
RCTs; therefore, further research is needed.

Compared to large trauma craniotomy, SBWC can 
help maintain intracranial pressure and reduce wound 
size, potentially aiding in hematoma removal and facili-
tating faster recovery [34]. However, limited exposure 
to SBWC can hinder clear visualization of the hema-
toma, particularly in deep locations, increasing the risk 
of inadvertently damaging surrounding brain tissue [14]. 
In contrast, the ES has a clearer surgical field of view, 
which can minimize brain tissue retraction and enhance 
surgical precision [14]. These advantages likely contrib-
ute to the superior long-term efficacy observed with 

Fig. 4  Forest plot and trial sequential analysis of the hematoma evacuation rate. A Forest plot showing the hematoma evacuation rate in patients 
with ES versus SBWC. ES showed a superior hematoma evacuation rate compared to SBWC. B The Y-axis represents the z-scores for effect sizes, 
and the Z-curve (blue line) along the X-axis shows the trend of cumulating evidence toward achieving maximal information. The conventional 
boundary (dotted black lines) represents the meta-analysis efficacy boundary (|Z| = 1.96, P = 0.05) in the TSA. The cumulative Z-curve crossed 
the conventional boundary, but the boundary RIS was ignored due to too little information, meaning that the hematoma evacuation rate 
comparison between ES and SBWC remained inconclusive. CI, confidence interval; ES, endoscopic surgery; RIS, required information size; SBWC, 
small bone window craniotomy
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Fig. 5  Forest plot of the secondary outcomes. A the 6-month mortality rate; B the rebleeding rate; C the operation time; D the amount of blood 
loss during the operation; E the pneumonia rate; F the intracranial infection rate. G the ICU stay time; H the hospital stay time; ES, endoscopic 
surgery; SBWC, small bone window craniotomy
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ES. Clear visualization also enables more efficient and 
accurate procedures, leading to shorter operation times 
and less blood loss, as evidenced in the present meta-
analysis. Similar findings have been reported in previous 
studies [35–37]. Nonetheless, substantial heterogeneity 
remains, and the pooled results should be interpreted 
with caution. Variations in surgical habits and surgeon 
proficiency may account for some of this heterogeneity. 
Further research is needed to identify the exact sources 
of variability and to validate the findings of this study.

It’s noteworthy that the majority of patients included in 
the study were under 60 years old. Consequently, based 
on the current evidence, ES may still be prioritized in the 
treatment of younger individuals with ICH. Future RCTs 
are required to evaluate the efficacy of ES versus SBWC 
in older patients and to explore the optimal treatment 
approach.

It also is important to note that while this study dem-
onstrates that ES can significantly improve patient prog-
nosis, the surgeon’s experience and the choice of specific 
instruments can also have a substantial impact on patient 
outcomes [33, 38]. Advanced suction and coagula-
tion systems may help simplify the surgical procedure, 
enhancing hemostasis and reducing the risk of compli-
cations. Furthermore, factors such as the location of the 
hematoma and the patient’s coagulation status can influ-
ence prognosis [33, 38, 39]. Therefore, in clinical practice, 
it is essential to comprehensively consider the patient’s 
condition, the surgeon’s expertise, and the choice of 
instruments to select the most appropriate treatment 
approach.

This meta-analysis has several strengths. Firstly, we 
compared the long-term efficacy and safety of ES and 
SBWC, offering valuable insights for clinical prac-
tice. Secondly, considering the limited number of eli-
gible studies and participants, we used TSA to further 
evaluate the validity and reliability of the meta-analysis 
outcomes, which enhanced the robustness of the meta-
analysis. Finally, the rigorous inclusion and exclusion cri-
teria, coupled with the assessment of favorable functional 
outcomes exclusively using mRS at six months, ensured 
low heterogeneity of the primary outcomes and robust 
conclusions.

There are several limitations to our study. Firstly, the 
number of the included RCTs is limited, though TSA has 
affirmed the robustness of the meta-analysis. Secondly, 
there is considerable heterogeneity in some outcomes, 
which may originate from the hemorrhage location, 
time since the onset of the hemorrhage, patient age, and 
preoperational hematoma volume. However, we were 
unable to conduct subgroup or sensitivity analyses to 
explore sources of heterogeneity and the efficacy of ES 
within specific patient groups due to the small number of 

studies and the unavailability of corresponding subgroup 
results; thus, future high-quality research is needed to 
address this limitation. Thirdly, publication bias could 
not be assessed because fewer than ten studies were 
available. It is also important to note that recovery from 
intracerebral hemorrhage (ICH) is a prolonged process; 
the present meta-analysis only demonstrated outcomes 
at the 6-month mark, leaving long-term outcomes uncer-
tain. Future studies should focus on evaluating outcomes 
beyond this 6-month period. Lastly, most of the included 
studies are from China, and only English-language stud-
ies were considered, which may limit the generalizability 
of the results and introduce potential selection biases. 
RCTs from diverse locations will be necessary to validate 
our findings globally.

Conclusion
In conclusion, the meta-analysis and TSA demonstrated 
that ES has better long-term efficacy, shorter operation 
time, less blood loss during the operation, and lower 
pneumonia rate compared to SBWC. Therefore, prior-
itizing ES over SBWC in treating ICH could be reason-
able. Additionally, the hematoma evacuation rate of ES 
compared to SBWC for ICH remains unclear, so larger, 
higher-quality RCTs are needed.
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