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Abstract 

Objective: To compare outcomes in neuroendoscopic-assisted vs mini-open craniotomy for hypertensive intracer-
ebral hemorrhage (HICH), so as to provide reasonable surgical treatment.

Methods: Clinical data of 184 patients with HICH in the hospital from January 2019 to May 2021 were analyzed ret-
rospectively. The patients were divided into mini-open craniotomy group and neuroendoscopic-assisted group. The 
operation time, hematoma clearance rate, intraoperative blood loss, neurological function recovery, and postopera-
tive mortality of the two groups were compared by retrospective analysis.

Results: The operation time and intraoperative blood loss in the mini-open craniotomy group were more than 
those in the neuroendoscopic-assisted group, but there was no significant difference between the two groups. There 
was no significant difference in hematoma clearance rate between the two groups, but for the rugby hematoma, 
the hematoma clearance rate in the neuroendoscopic-assisted group was higher than in the mini-open craniotomy 
group, the difference was statistically significant. Within 1 month after the operation, there was no significant differ-
ence in mortality between the two groups. 6 months after the operation, there was no significant difference in the 
recovery of neurological function between the two groups.

Conclusion: Neuroendoscopic-assisted and mini-open craniotomy for the treatment of HICH has the advantages 
of minimal trauma with good effects, and its main reason for short operation time, reduced bleeding, and high 
hematoma clearance rate. Although the two surgical methods can improve the survival rate of patients, they do not 
change the prognosis of patients. Therefore, the choice of surgical methods should be adopted based on the patient’s 
clinical manifestations, hematoma volume, hematoma type, and the experience of the surgeon.
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Introduction
Hypertensive intracerebral hemorrhage (HICH) is a com-
mon cerebrovascular disease, which is one of the com-
plications of hypertension. HICH has been reported to 

account for 50–70% of all spontaneous intracranial hem-
orrhage (ICH), its morbidity and mortality both occupy 
the top among all types of strokes, more than 30% of sur-
vivors suffer from varying degrees of disability [1, 2]. the 
incidence of HICH continues to rise with the aged ten-
dency of the population [3]. Because of its high incidence 
rate, high mortality, and disability, it has become an 
important public health problem in the world, [1]. At pre-
sent, the treatment of HICH is mainly divided into con-
servative treatment and surgical treatment. The purpose 
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of surgical treatment is to effectively reduce the com-
pression of hematoma on the surrounding brain tissue; 
reduce the intracranial pressure; protect the penumbra 
brain tissue, to minimize the functional damage caused 
by cerebral hemorrhage [4]. Mini-open craniotomy and 
neuroendoscopic-assisted hematoma removal techniques 
both have the advantages of reduced trauma, fewer com-
plications, and better curative effects [5]. How to choose 
an appropriate surgical method is closely related to the 
prognosis of patients. In this study, clinical data of 184 
patients with HICH who received treatment in our hos-
pital from January 2019 to May 2021 were analyzed 
retrospectively, compare outcomes in neuroendoscopic-
assisted vs mini-open craniotomy for HICH, to provide 
reasonable surgical treatment.

Materials and methods
Clinical data
Clinical data of 184 patients with HICH who underwent 
treatment at our hospital from January 2019 to May 2021 
were analyzed retrospectively. This study included 101 
males and 83 females. The age range was 25–69  years, 
with an average age of 56 ± 6.2  years old. According to 
the operation methods, the patients were divided into the 
mini-open craniotomy group and the neuroendoscopic-
assisted group. Before the operation, the blood pressure 
was controlled at an acceptable level (systolic blood pres-
sure ≤ 140 mmHg, diastolic blood pressure ≤ 90 mmHg).

Inclusive criteria
(1) Computed tomography (CT) showed basal ganglia 
hemorrhage with or without ventricular hematoma; (2) 
History of hypertension; (3) There was no history of head 
trauma; (4) The surgical indications were clear (cerebral 
hernia formation, midline deviation > 1  cm) and/or pro-
gressive deterioration of consciousness (Glasgow Coma 
Scale (GCS) decrease ≥ 2 points).

Exclusive criteria
(1) Bilateral mydriasis, no spontaneous breathing; (2) 
Hemorrhage of the brain stem or cerebellum; (3) Hem-
orrhage caused by intracranial aneurysms, arteriovenous 
malformations, blood system disease, etc. (4) Patients 
with obvious contraindication of operation or family 
members refusing surgical treatment.

The operation mode was as follows:

1) Mini-open craniotomy group: After general anesthe-
sia, the patient was placed in a supine position with 
the head turned to the opposite side of the hema-
toma. Based on the CT images, make a skin incision 
about 5 cm long at the projection of the body surface 

at the largest level of the hematoma. Routine disin-
fection of surgical area、drape, craniotomy, skull 
drilling, the bone flap with a diameter of 2–3 cm was 
formed by milling cutter, arc cutting of dura. Under 
the microscope, after the separation of the sulci, a fis-
tula is created(about 1 cm) into the hematoma cavity. 
the hematoma was slowly aspirated, and look for the 
bleeding point directly, bipolar electrocoagulation 
was performed, and the hematoma cavity was repeat-
edly washed with normal saline to confirm that there 
was no active bleeding. Dura with tension-reducing 
suture, and the cranium was reset and the temporal 
muscle, subcutaneous and scalp were sutured inter-
mittently.

2) Neuroendoscopic-assisted group: Based on the CT 
images, avoiding the cortex of the functional area, 
make a 4  cm incision mark on the skin with the 
extension of the long axis of the hematoma and the 
intersection of the scalp as the center. Routine dis-
infection of surgical area、drape, craniotomy, skull 
drilling, the bone flap with a diameter of 2–3 cm was 
formed by milling cutter, After cauterizing the dura, 
the dura was incised and the cortex was electrocoag-
ulated. The puncture sleeve with tube core was used 
to puncture the cortex, after reaching the hematoma 
cavity, the tube core was removed, and the neuroen-
doscope was placed through the sleeve to remove the 
hematoma under the endoscope, in general, 60–90% 
of the hematoma can be removed. In case of bleed-
ing, electrocoagulation can be used, and a drainage 
tube should be placed after no active bleeding, the 
bone flap was fixed in situ and the scalp was sutured 
intermittently.

If patients with cerebrospinal fluid circulation obstruc-
tion caused by hematoma breaking into the ventricular 
system, lateral ventricle drainage should be performed 
before surgery.

Postoperative treatment
After the operation, the vital signs and the changes in 
organ function were observed. Keep the respiratory tract 
unobstructed and prevent complications such as peptic 
ulcer and respiratory tract infection, routine analgesia 
and sedation were given, intravenous application of anti-
hypertensive drugs to avoid blood pressure fluctuations. 
All patients underwent CT scans at 1, 3, 7 and 14  days 
after the operation to evaluate the changes of hematoma. 
The patients were followed up for 6 months.

Efficacy evaluation
The hematoma volume was calculated by Broderick’s 
method [6] (Length × width × height/2); The hematoma 
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clearance rate: preoperative hematoma volume -postop-
erative hematoma volume/preoperative hematoma vol-
ume × 100%. The prognosis was assessed by the modified 
Rankin scale (mRS) (Table 1) [7].

Informed consent
The institutional review board at Xi’an Daxing Hospital 
and Xi’an Fengcheng Hospital approved the study, which 
was granted a waiver for patients (or their guardians) 
consent owing to the retrospective nature of the pre-
sent study. This research conforms with the Declaration 
of Helsinki. The datasets used and/or analysed during 
the current study are available from the corresponding 
author on reasonable request.

Statistical analysis
Data were analyzed using statistical product and service 
solutions software version 22.0. Continuous variables 
were expressed as mean ± standard deviation or median. 
Differences between variables were evaluated using the 
independent samples t-test. Categorical variables were 
expressed as a ratio (%), and differences between varia-
bles were compared using the chi-squared test. Data were 
deemed significant if P < 0.05 for all tests.

Results
There was no significant difference in age, GCS score at 
admission, preoperative hematoma volume and post-
operative GCS score between the two groups (P > 0.05) 
(Table 2).

The operation time, blood loss, hematoma clearance 
rate in the mini-open craniotomy group were more than 
those in the neuroendoscopic-assisted group, but there 
was no significant difference between the two groups 
(P > 0.05). (Table 2).

Analysis of the shape of hematoma. (1) spherical hema-
toma: there was no significant difference in hematoma 
clearance rate between the mini-open craniotomy group 
and the neuroendoscopic-assisted group. (2) For rugby 
hematoma, the hematoma clearance rate of the neuroen-
doscopic-assisted group was significantly higher than 
that of the mini-open craniotomy group. The difference 
was statistically significant (Table 3, Fig. 1).

Postoperative complications: In the mini-open cra-
niotomy group, 2 cases had rebleeding in the operation 
area, and 3 cases in the neuroendoscopic-assisted group 
had rebleeding, and no further surgical treatment was 
required. The hematoma absorbed spontaneously after 
conservative treatment. In the mini-open craniotomy 
group, 4 cases had intracranial infection, while 1 case 

Table 1 Modified Rankin Scale

Self care: 0–2; Disability: 3–5

Score Patient’s condition

0 Complete recovered, no symptoms

1 Despite symptoms, there was no significant dysfunction

2 Mild disability; Can live independently, but part of daily life can be restored

3 Moderate disability; Unable to live independently, but walking with crutches

4 Between moderate and severe disability; Unable to walking independently

5 Severe disability; Incontinence of urine and urination, completely depend-
ent on others in daily life

Table 2 Comparison of general clinical data between the two groups

Neuroendoscopic-assisted group 
(n = 93)

Mini-open craniotomy (n = 91) P value

Gender 0.266

 Male 62 56

 Female 31 35

Age (years) 55.8 ± 8.7 56.8 ± 7.1 0.394

Admission GCS 8.9 ± 1.2 8.7 ± 0.9 0.203

Preoperative hematoma volume (ml) 48.4 ± 6.1 46.9 ± 7.8 0.147

Operation time (min) 107.9 ± 6.7 108.8 ± 7.8 0.402

Intraoperative blood loss (ml) 87.3 ± 3.6 86.2 ± 4.4 0.064

Postoperative GCS 10.8 ± 0.7 10.6 ± 1.2 0.168

Postoperative hematoma volume (ml) 5.7 ± 3.0 5.1 ± 2.3 0.130
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in the neuroendoscopic-assisted group had intracranial 
infection, and they were cured after anti-infection treat-
ment. There was no incision infection in the two groups.

After 6  months, the mortality rate of the mini-open 
craniotomy and the neuroendoscopic-assisted group 
was 8.6% and 8.8%, and the disability rate was 28.2% and 
30.1%, there was no significant difference in mortality 
and disability rate between the two groups (Table 4).

Discussion
Hypertensive intracerebral hemorrhage (HICH) is one of 
the serious complications of hypertension [8]. When the 
volume of intracerebral hemorrhage is large (supratento-
rial hemorrhage is more than 30 ml), conservative treat-
ment has a poor prognosis, so surgical treatment can 
be selected. There have been a large number of reports 
on surgical treatment of HICH in the past, however, no 
consensus on the optimal procedure has been reached 
[9, 10]. At present, the commonly used surgical methods 
include hematoma puncture and drainage; mini-open 
craniotomy; neuroendoscopic-assisted; large bone flap 
craniotomy and large bone flap craniotomy + decompres-
sive craniectomy [4, 10, 11]. However, the appropriate 
surgical method is very important to improve the sur-
vival rate, reduce morbidity and mortality, and improve 
the quality of life after surgery.

The main purpose of surgery is to relieve the compres-
sion of hematoma on the surrounding brain tissue as 
soon as possible, relieve severe intracranial hypertension 
and cerebral hernia, save the lives of patients, reduce the 
secondary brain injury caused by hematoma compres-
sion as far as possible and improve the quality of life of 
patients [4, 12]. Compared with traditional craniotomy, 
minimal invasive surgery (MIS) has the advantages of 
small trauma, short operation time, fewer complications 
and rapid recovery, which has been recognized by clini-
cians [13]. Mini-open craniotomy and neuroendoscopic-
assisted are commonly used MIS at present. However, 
mini-open craniotomy and neuroendoscopic-assisted 
have their own advantages and disadvantages [14], how 
to make an effective choice depends on the state of the 
patient, the type of hematoma and the experience of the 
surgeon [15].

Mini-open craniotomy hematoma evacuation for 
HICH has the advantages of the shortest path, the least 
vascular injury and the greatest reduction of the trac-
tion injury to the brain tissue. The cortex is cut about 
0.5–1.0  cm, which can effectively protect the small 

Table 3 Comparison of the clearance rate of hematoma with 
different shapes between the two groups

Hematoma Shape Neuroendoscopic-
assisted group(%)

Mini-open 
craniotomy(%)

P value

Spherical hematoma 97.7 ± 7.8 98.5 ± 6.4 0.448

Rugby hematoma 95.1 ± 5.9 89.8 ± 6.2 0.001

Fig. 1 A CT images before Neuroendoscopic-assisted surgery; B CT images within 24 h after Neuroendoscopic-assisted surgery, Intraventricular 
hematoma wastreates with extracerebral drainage; C CTimages before mini-open caniotomy surgery; D CT images within 24 h after mini-open 
craniotomy

Table 4 Comparison of mRS in two groups 6 months after 
operation

Score Neuroendoscopic-assisted 
group (%)

Mini-open 
craniotomy 
(%)

0 10 (11.8) 9 (10.9)

1 23 (27.1) 25 (30.1)

2 28 (32.9) 24 (28.9)

3 13 (15.3) 15 (18.1)

4 8 (9.4) 6 (7.2)

5 3 (3.5) 4 (4.8)
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perforating blood vessels and neural structures, protect 
the functional hemisphere to the maximum extent [16]. 
neuroendoscopic-assisted surgery has the advantages of 
small incision, minimally invasive channel, simple opera-
tion, no need to stretch brain tissue, so it can reduce 
nerve injury [17, 18]. Neuroendoscopic imaging is clear, 
so the operator can obtain a clear surgical field and can 
observe the deep structure well, which is conducive to 
the operation of hematoma clearance. However, there 
are still some deficiencies in neuroendoscopic-assisted 
surgery, such as limited visual field, limited working pipe, 
fish eye effect, and some difficulties in hemostasis in case 
of deep hemorrhage [19, 20].

We are the first to study the effect of hematoma shape 
and surgical method on hematoma clearance. For spheri-
cal hematoma, there was no significant difference in 
hematoma clearance rate between the mini-open crani-
otomy group and the neuroendoscopic-assisted group. 
However, for rugby hematoma, the hematoma clearance 
rate of the mini-open craniotomy group was significantly 
lower than that of the neuroendoscopic-assisted group. 
The main reason is: for rugby hematoma, neuroendo-
scopic-assisted has a special advantage, the operation 
sleeve is placed along the long axis of the hematoma, 
and the sleeve is slowly withdrawn while the hematoma 
is cleared, to achieve the maximum hematoma clearance 
rate.

The effect of the time from bleeding to operation on 
the operation [9]. Through the study, we conclude that 
for patients with bleeding more than 48  h, compared 
with neuroendoscopic-assisted surgery, mini-open crani-
otomy should be used as much as possible. The main rea-
sons are: over 48 h, the hematoma is organized, and it is 
relatively difficult for the aspirator to remove. Under the 
neuroendoscopy, due to the limitation of the operation 
sleeve, the operation space is limited, the hematoma suc-
tion is relatively difficult, and the space for block resec-
tion is insufficient. Therefore, the operation time will be 
prolonged, which is not conducive to the postoperative 
recovery of patients.

HICH is characterized by acute onset and high mortal-
ity and disability rates, which seriously threatens the life 
of a patient, the mortality of this disease, which occurs 
within 30  days after onset, is 33.3% to 50.6% [6, 13, 15, 
17]. How to reduce the disability rate and the mortality 
rate has been the focus of clinical attention. Tang et  al 
[8]. concluded that compared with traditional crani-
otomy, MIS can effectively improve the patient’s quality 
of life. Feng et  al. [18] believes that endoscope assisted 
keyhole technique for HICH can effectively improve the 
prognosis of patients and reduce the disability rate. We 
found that the mortality rate of mini-open craniotomy 
and neuroendoscopic-assisted group was 8.6 and 8.8%, 

respectively, and the disability rate was 28.2 and 30.1%, 
respectively. The mortality and disability rates were lower 
than those of traditional craniotomy. The reasons may be 
as follows: (1) the operation mode and time were selected 
properly; (2) the patients were younger and had no obvi-
ous other basic diseases; the GCS score was relatively 
high before operation; (3) the number of samples was 
relatively small, which could not completely represent all 
HICH patients; (4) this study was a retrospective study, 
and there might be a deviation in case selection. Hence 
further randomized research based on a large population 
and appropriate follow-up durations is required to pro-
vide more information about HICH.

Conclusion
Both mini-open craniotomy and neuroendoscopic-
assisted can effectively remove a hematoma, reduce the 
mortality of patients. its main reason for short opera-
tion time, reduced bleeding, and high hematoma clear-
ance rate. Moreover for rugby hematoma, the hematoma 
clearance rate of neuroendoscopic-assisted is higher than 
that of mini-open craniotomy. Although the two surgical 
methods can improve the survival rate of patients, they 
do not change the prognosis of patients. Therefore, the 
choice of surgical methods should be adopted based on 
the patient’s clinical manifestations, hematoma volume, 
hematoma type and the experience of the surgeon.
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