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Abstract: Objective: To analyze the clinical effects of neuroendoscopic hematoma evacuation for the treatment of 
hypertensive intracerebral hemorrhage (ICH). Methods: A total of 80 patients with hypertensive ICH who were ad-
mitted to our hospital were included as the subjects of this retrospective study. The patients were assigned into a 
neuroendoscopic hematoma evacuation group (n=35) and a small bone window craniotomy group (n=45). The post-
operative hematoma residues and the clearance rate of the hematoma were compared between the two groups. 
The intraoperative blood loss, duration of the surgery, and Glasgow Coma Scale (GSC) scores before and after 
surgery were compared between the two groups. The operation time, intraoperative blood loss, the time consumed 
to stop bleeding, clearance rate of hematoma, manifestation of complications, and the prognosis 6 months after 
surgery were analyzed statistically. Self-made questionnaires were used to evaluate the satisfaction degree of pa-
tients with their lives and to assess the quality of life after surgery. Results: The operation time, blood loss, and the 
time consumed to stop bleeding were less in the neuroendoscopic hematoma evacuation group than those in the 
small bone window craniotomy group (all P<0.05). The GCS scores in the neuroendoscopic hematoma evacuation 
group were significantly higher than those in the small bone window craniotomy group (P<0.05). The clearance rate 
of hematoma was higher in the neuroendoscopic hematoma evacuation group than that in the small bone window 
craniotomy group (P<0.05). Conclusion: As compared with small bone window craniotomy for removing hematoma, 
neuroendoscopic hematoma evacuation showed a better outcome in treating patients with hypertensive ICH. It 
could improve patients’ clinical indications, which is worthy of being widely applied in clinical settings.

Keywords: Neuroendoscopic hematoma evacuation, small bone window craniotomy group, hypertensive ICH, 
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Introduction

Intracerebral hemorrhage (ICH) is a cerebro- 
vascular disease, with high mortality and dis-
ability rates. There are 10% to 20% of patients 
who have stroke attacks caused by ICH [1]. ICH 
is also a disease contributed by many patho-
genic factors. Among them hypertension is the 
most dominant cause, with a ratio of nearly 
70% in all cases of ICH [2]. ICH usually occurs 
at the basal ganglia. There are data showing 
that people aged between 46 and 64 are most 
likely to have ICH, with a 50% survival rate in 
the first year and a 29% survival rate in the  
fifth year after its onset [3, 4]. People who have 
survived ICH are manifested with significant 
neurological dysfunctions. This results in per-
manent assistance from others in their daily 

lives, which is a huge burden for the family and 
for society [5]. 

ICH is often treated conservatively. Conserva- 
tive treatment can lead to over 90% mortality 
rate when the hematoma is more than 60 mL  
in volume [6]. In recent years, a series of stud-
ies on ICH have been conducted. We still do  
not know about the exact pathophysiological 
mechanism of ICH. Patients who suffered an 
ICH attack produce hematoma that acts on 
peripheral tissues to mechanically destroy the 
formation of mass effects. This results in more 
complications and injuries, including edema in 
surrounding brain tissue, coagulation cascade, 
inflammation, formation of free radicals, blood 
degradation products, or a secondary injury 
caused by blood clots [7-10]. Some studies 
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have shown that the size of hematoma largely 
determines patients’ prognosis, eliminating 
hematoma not only reduces the mass effects, 
improves cerebral perfusion, and decreases 
intracranial pressure, but also effectively 
reduces the toxicity of hematoma degradation 
products, reducing damage to brain tissues 
[11-14]. 

Surgery is a good way to remove hematoma. 
Despite some disputes, small bone window  
craniotomy is a conservative method which is 
widely used to remove hematoma by a lateral 
fissure-insular approach under a microscope 
[15]. According to a clinical trial, small bone 
window craniotomy does not benefit patients 
the most [16]. Another famous and classic trial 
on the exploration of treatment approach for 
ICH is a surgical trial in intracerebral hemor-
rhage (STICH). The results of STICH showed 
that early surgery failed to significantly im- 
prove a patient’s prognosis as compared with 
early conservative treatments. Researchers 
conducted STICH II, a trial that confirmed that 
early surgery for ICH did not increase the dis-
ability and mortality rates, but slightly increas- 
ed the rate of good prognosis of patients (41%) 
as compared with the conservative treatment 
(38%) [16-20]. It was concluded that surgery 
can mildly improve the prognosis of ICH 
patients, but shows no statistical significance 
compared with the conservative treatment. 
Traditional craniotomy removes hematoma in 
patients’ brains at once. This can result in a 
large wound, which has a relatively huge im- 
pact on brain tissues. Neuroendoscopic sur-
gery, a new surgery, has become popular over 
the recent year for the treatment of hyperten-
sive ICH. It produces a smaller wound with  
higher safety and better prognosis as com-
pared with traditional craniotomy. This study 
aimed to investigate the clinical efficacy of dif-
ferent surgeries on hypertensive ICH. In our 
research, the efficacy of neuroendoscopic sur-
gery and small bone window craniotomy in 
removing hematoma in patients with hyperten-
sive ICH were compared.

Materials and methods

General data

In this retrospective study, 80 patients who 
were admitted to our hospital during January 
2020 and January 2021 for hypertensive ICH 

were included. They were assigned into a neu-
roendoscopic hematoma evacuation group 
(n=35) and a small bone window craniotomy 
group (n=45) according to the surgical appro- 
ach.

The clinical and surgical data were obtained 
with the approval from the Ethics Committee of 
our hospital (Approval number: 202102611L). 
No significant differences in these data were 
found (P>0.05). All patients or families provid-
ed written informed consent.

Inclusion criteria: Patients with hypertension; 
patients with hypertensive hemorrhage; and 
patients without surgical contradictions.

Exclusion criteria: Patients who had complicat-
ed brainstem hemorrhage; patients with se- 
vere heart, liver, and lung dysfunction; patients 
with mental dysfunction; and patients with 
coagulation dysfunction.

Methods

Small bone window craniotomy: Patients took 
CT scans to locate the hematoma before the 
surgery. The hematoma was marked as large 
as possible for the selection of the best surgi-
cal approach. The scalp was incised 5 cm and 
separated by a periosteal detacher. A scalp clip 
was used to stop bleeding, making sure that 
the hematoma was in the center, to avoid devi-
ation. A hole was drilled into the skull a diame-
ter of 3.0 cm and a small bone window was  
created using a milling cutter. The dura mater 
was cut into a cross shape and suspended. 
Fistulization was performed in the hematoma 
cavity under a microscope, with cerebral cotton 
pads being used to protect the brain tissue and 
blood vessels around the passage. The hema-
toma was removed, after which the bleeding 
was stopped completely. Normal insulin was 
used to wash the operated site. The wall of the 
hematoma cavity was covered with medical 
instant hemostatic gauze. The dura mater was 
sutured tightly, and artificial dura mater was 
used when necessary. The skull bone flap was 
placed back and fixed, and the scalp was 
sutured layer by layer. During the surgery, the 
surgeon used the same urokinase approach as 
in the neuroendoscopic hematoma evacuation 
group. A drainage tube was placed if the hema-
toma had not been completely removed during 
the surgery. Urokinase was administered post-
operatively to drain the remaining hematoma. 
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After surgery, patients were sent to ICU for 
monitoring and medical care.

Neuroendoscopic hematoma evacuation group: 
Conventional tools for neuroendoscopic sur-
gery were selected. A surgical approach was 
designed according to the results of the CT 
scanning. Tracheal intubation under general 
anesthesia was performed in all the patients  
in accordance with the surgical approach, 
designed in advance. An incision was made at 
the site closest to the hematoma. The sur-
rounding scalp was removed and a small bone 
flap about 3.0 cm in length was milled. The 
bleeding was stopped after electrocoagulation 
on dura mater, which was subsequently cut off 
for puncturing blood vessels and functional 
areas or locating the hematoma through the 
sulcus using a cerebral needle directly, instead 
of through the brain. Ultrasonic wave was used 
to locate the hematoma under necessary cir-
cumstances during the surgery. The cortex was 
punctured and the endoscopic drilling sheath 
was delivered into the hematoma. The punc-
ture was completed after all the residual blood 
was sucked out. The sheath tube acted as a 
catheter for the endoscope, which was placed 
at an angle of 0° or 30° according to the needs 
of the surgery to remove the hematoma under 
endoscopic vision. While removing the central 
hematoma, the “collapse” of the peripheral 
hematoma continued to “collapse” inward. The 
swing of the cerebral tissue produced a con-
stant pressure on the hematoma remaining in 
the catheter that had facilitated its removal 
process. The sheath tube was kept pulled  
backward during the process to clear most of 
the hematoma. Arterial bleeding was observed 
under a microscope, and bleeding spots were 
aspirated with an aspirator. Bipolar electroco-
agulation was adopted to stop bleeding. Pulling 
with or without force was not recommended 
while removing the hematoma if blood clots 
were stuck in the cavity. Instead, the electroco-
agulation was disconnected to separate the 
blood clots, which were washed immediately. 
Compression or scrubbing was performed to 
stop the superficial scalp bleeding. Compres- 
sion was done with the use of liquid gelatin, 
instant sol, or a gelatin sponge. Frequent  
washing with normal saline was recommended 
during the scrubbing process. The dura mater 
was repaired and sutured after the removal of 
the hematoma. The bone flap was placed back 
and fixed, and the scalp and skull were sutured 

layer by layer. Patients were transferred to ICU 
for continued medical treatment.

Outcome measures

Primary outcome measures: Blood loss during 
surgery was observed. The intraoperative blood 
loss was estimated according to the surgical 
records.

The amount of the remaining hematoma and its 
clearance rate after surgery were estimated. 
The amount of residual hematoma was calcu-
lated by Tada formula.

For patients who had received surgery, the 
amount of the residual hematoma was calcu-
lated according to the result of CT scanning in 
the routine re-examination after surgery. To cal-
culate the clearance rate of hematoma after 
surgery, the amount of hematoma before sur-
gery and after surgery was analyzed. Hemato- 
ma clearance rate = (preoperative hematoma 
volume - postoperative hematoma volume)/
preoperative hematoma volume *100%.

GSC scores before and 24 hours after surgery 
were compared between the two groups. Pa- 
tient’s GCS scores within 24 hours after sur-
gery were recorded to assess the effects of the 
surgery. The scores were excluded if patients 
were conscious or anesthetized.

Secondary outcome measures: Patients’ well-
being was evaluated by a self-made question-
naire at discharge. Well-being = (number of 
patients felt happiness)/the total number of 
patients *100%.

Patients’ quality of life (QOL) in the two groups 
was evaluated by a relevant scale at discharge, 
with higher scores indicating better quality of 
life.

Statistical analysis

All data were analyzed by SPSS 22.0 statistical 
software (IBM, USA). Measured data were test-
ed for normality. Measured data conforming to 
normal distribution were expressed as mean ± 
standard deviation (

_
x  ± sd). The independent t 

test was used for inter-group comparison. The 
paired t test was used for intra-group compari-
son before and after surgery. Enumeration  
data were expressed as case number/percent-
age (n/%) and analyzed using the chi-square 
test. P<0.05 was considered as statistically 
significant.
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Results

Comparison of general data between the two 
groups

There were no statistical differences in the gen-
eral data of patients between the two groups 
(all P>0.05). See Table 1.

Comparison of patients’ conditions in the two 
groups during and after surgery

The operation time, blood loss, and time con-
sumed to stop bleeding were less in the neuro-
endoscopic hematoma evacuation group than 
those in the small bone window craniotomy 
group (all P<0.05). See Table 2.

Comparison of GCS scores of patients in the 
two groups

The GCS scores were significantly higher in the 
neuroendoscopic hematoma evacuation group 
than those in the small bone window cranioto-
my group (all P<0.05). See Table 3.

Comparison of clinical efficacy in patients of 
the two groups

The clearance rate of the hematoma in pa- 
tients was higher in the neuroendoscopic 
hematoma evacuation group than that in the 
small bone window craniotomy group (all 
P<0.05). See Table 4.

Comparison of the QOL of patients in the two 
groups

The scores of QOL of patients were significantly 
improved after surgery than those before sur-
gery. The QOL of patients in the neuroendo-
scopic hematoma evacuation group was better 
than that in the small bone window craniotomy 
group (all P<0.05). See Table 5.

Comparison of complications between the two 
groups

Intracranial infection, pulmonary infection, and 
secondary bleeding were observed in 10, 20, 
and 6 patients of the small bone window crani-

Table 1. Comparison of general data of patients between the two groups (
_
x  ± sd/n)

General data
Small bone  

window craniotomy 
group (n=45)

Neuroendoscopic 
hematoma evacuation 

group (n=35)
t/χ2 P

Age (years old) 54.35±10.23 56.23±11.23 1.242 0.560
Gender (male/female) 30/15 23/12 0.675 0.543
Site (left/right) 24/21 17/18 0.987 0.354
Intraventricular hemorrhage (IVH) 16 15 1.012 0.543
GSC scores before surgery 9.24±2.45 9.67±3.42 1.433 0.085
Duration from the onset of ICH to the time of surgery (h) 12.45±3.45 11.67±2.78 0.764 0.354
The amount of hematoma before surgery (mL) 57.67±16.78 58.61±14.35 0.908 0.187
Note: GCS: Glasgow Coma Scale; IVH: Intraventricular hemorrhage; ICH: intracerebral hemorrhage.

Table 2. Comparison of surgical indicators of patients between the two groups (
_
x  ± sd)

Small bone window  
craniotomy group (n=45)

Neuroendoscopic hematoma 
evacuation group (n=35) t/χ2 P

Operation time (min) 121.45±45.32 46.57±9.78 3.564 0.022
Blood loss during surgery (mL) 131.54±67.34 66.20±16.78 3.687 0.034
Time consumed to stop bleeding (min) 30.34±10.31 22.34±7.56 3.123 0.027

Table 3. Comparison of the GSC scores of patients between the two groups (
_
x  ± sd)

Small bone window  
craniotomy group (n=45)

Neuroendoscopic hematoma 
evacuation group (n=35) t/χ2 P

GCS scoring before surgery 9.57±2.78 9.45±2.67 1.564 0.322
GCS scoring after surgery 1.12±0.46 1.56±1.23 3.045 0.016
Note: GCS: Glasgow Coma Scale.
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otomy group and 6, 10, and 3 of the neuroen-
doscopic hematoma evacuation group, respec-
tively (P=0.030; P=0.023; P=0.023). The re- 
sults indicated that patients who had small 
bone window craniotomy experienced higher 
infectious rates than patients who had neuro-
endoscopic hematoma evacuation. Nine pa- 
tients in the small bone window craniotomy 
group and three in the neuroendoscopic hema-
toma evacuation group were dead (P=0.027). 
See Table 6.

Comparison of the well-being of patients in the 
two groups

The well-being index of patients was higher in 
the neuroendoscopic surgery group than that in 
the microsurgery group (92.50% vs. 75.00%). 
See Figure 1.

Discussion

It has been reported in many clinical studies 
that neuroendoscopic surgery for removing 

hematoma was more minimally invasive, with 
easier and more convenient operations, and 
less surgical preparations as compared with 
other traditional surgeries [21]. An incision 
shorter than 3 cm on the scalp and a bone hole 
less than 1.5 cm on the skull were made during 
the neuroendoscopic surgery. This saved time 
for opening and closing the skull, and provided 
a good surgical view shown on the endoscope. 
The aspirator was used for suction and for 
scrubbing. Several researches have been done 
on the treatment of hemorrhage. In a clinical 
trial on hypertensive ICH, after analyzing 121 
patients who had neuroendoscopic surgery, it 
was found that the time for the surgery was 
120 min in average [22]. These results were 
consistent with our findings, which revealed 
that the average time on neuroendoscopic sur-
gery was less than that on small bone window 
craniotomy. It was concluded that neuroendo-
scopic surgery for hematoma evacuation was 
more efficient, less time-consuming, and pre-
sented less bleeding compared with small  
bone window craniotomy.

Table 4. Comparison of hematoma clearance in patients between the two groups
Small bone  

window craniotomy 
group (n=45)

Neuroendoscopic 
hematoma evacuation 

group (n=35)
t/χ2 P

The amount of hematoma before surgery (mL) 64.34±24.23 59.67±16.57 1.675 0.132
The amount of hematoma after surgery (mL) 13.24±5.46 11.78±3.45 3.123 0.034
Hematoma clearance rate (%) 81.23±23.45 89.11±6.16 3.242 0.023

Table 5. Comparison of the self-care ability of patients who had recovered from stroke between the 
two groups (point, 

_
x  ± sd)

Group
Neuroendoscopic hematoma evacuation group 

(n=35)
Small bone window craniotomy group 

(n=45)
Before surgery After surgery Before surgery After surgery

Self-care ability 15.61±2.41 33.48±5.46* 15.84±2.63 25.26±2.31*,#

Healthy notes 16.31±3.41 45.86±5.98* 16.87±3.57 38.47±3.64*,#

Self-responsibility 14.31±3.63 25.34±2.34* 14.67±3.67 15.35±2.04*,#

Self-consciousness 13.45±3.21 36.54±4.56* 13.42±3.36 23.56±4.12*,#

Note: *indicating that P<0.05 as compared with before surgery; #indicating P<0.05 as compared with the neuroendoscopic 
hematoma evacuation group.

Table 6. Comparison of complications and prognosis of patients between the two groups
Small bone window  

craniotomy group (n=45)
Neuroendoscopic hematoma 

evacuation group (n=35) t/χ2 P

Intracranial infection (yes/no) 10/45 (22.22%) 6/35 (17.14%) 3.564 0.030
Pulmonary infection (yes/no) 20/45 (44.44%) 10/35 (28.57) 3.687 0.023
Second bleeding 6/45 (13.33%) 3/35 (8.57%) 3.342 0.023
Dead 9/45 (20.00%) 3/35 (8.57%) 1.353 0.027
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There are many applications of neuroendo-
scopic surgery in clinical practices. The study 
by Powers et al. analyzed 58 ICH patients who 
had received neuroendoscopic surgery. It sh- 
owed an average clearance rate of hematoma 
of 88.7%. This result indicated a better efficacy 
with neuroendoscopic surgery than with small 
bone window craniotomy. During the small 
bone window craniotomy, the light in the surgi-
cal field was insufficient due to a relatively 
small bone window. This resulted in a less  
clear surgical view and limited angle for obser-
vation [23]. In a retrospective study that includ-
ed 48 patients who had undergone neuroendo-
scopic surgery, it was found that the average 
blood loss was 32 mL, which was close to 
35.61 mL concluded in another similar study 
[23, 24]. The average blood pressure of the 
subjects in our study was higher than that in 
their study, which led to more blood loss during 
surgical clearance in our study. The average 
blood loss in patients who underwent small 
bone window craniotomy was 277 mL, which 
was conforming to our results [24].

Hematoma produced by hypertensive ICH in- 
jures the central nervous system. This causes 
abnormal regulations in immune and central 
nervous systems, leading to secondary immu-
nodeficiency and reducing the body’s immunity 
dramatically. Post-operative complications are 
likely to happen. The trauma brought by neuro-
endoscopic surgery is relatively small, which 
can largely reduce the damage to cranial 

nerves. The incidence of complications after 
neuroendoscopic hematoma evacuation was 
significantly lower than that after small bone 
window craniotomy [25].

In this study, the GCS scores were markedly 
higher in the neuroendoscopic hematoma 
evacuation group than that in the small bone 
window craniotomy, with less complications in 
patients in the neuroendoscopic hematoma 
evacuation group. This result indicated that 
neuroendoscopic hematoma evacuation is 
more effective for the treatment of hyperten-
sive ICH, facilitating the recovery of patients 
after surgery. There are three major reasons. 
Neuroendoscopic hematoma evacuation cau- 
ses less damage to brain tissues. Neuro- 
endoscopic hematoma evacuation has clearer 
surgical views, which ensures more thorough 
removal of more hematoma and less incidence 
of complications. Neuroendoscopic hematoma 
evacuation has a broader and deeper surgical 
field, which is beneficial to directly remove the 
hematoma in the surgical field. With a smaller 
wound and clearer surgical view, normal brain 
tissues were less influenced by the surgery, 
shortening the operation time, and improving 
patients’ prognosis significantly. Operations of 
neuroendoscopic hematoma evacuation were 
accurate enough to avoid damage to normal 
brain tissues, leading to less occurrence of 
post-operative complications [10].

Only a few samples were included in the study 
because of limited staff and limited funds. A 
larger sample size could be taken into consi- 
deration in the following studies.

In summary, neuroendoscopic hematoma evac-
uation has better efficacy in the treatment of 
hypertensive ICH as compared with small bone 
window craniotomy. It can improve the indica-
tions for patients and is safer than other tradi-
tional surgeries, which is worthy of being widely 
used in clinical settings.
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