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Abstract: Objective: We developed a new clinical surgery approach termed the “two-in-one technique” that combines 
neuroendoscopy with stereotactic aspiration for spontaneous supratentorial intracerebral hemorrhage (SSICH). This 
study was designed to explore its feasibility, safety, and effectiveness. Methods: Starting in December 2018, 40 pa-
tients (Group A) were prospectively studied after undergoing this new technique. The time to access the hematoma, 
average hematoma evacuation rate, and Glasgow Coma Scale (GCS) improvement at discharge were analyzed. Two 
patients had increased intracranial pressure (ICP) caused by the transparent plastic sheath and two other patients 
experienced ICP decreases following the two-in-one technique. The control groups included 42 patients treated 
by stereotactic aspiration (Group B) and 40 cases treated by neuroendoscopy (Group C). Results: All procedures 
were successfully completed. The average access time to hematoma was 4.675 minutes in Group A, which was 
much less than in Group C (10.20 minutes). The average hematoma evacuation rate was 91.91% which was much 
higher than Group B (44.2%), and the average GCS improvement at discharge was 3.82. The ICP increased sharply 
when the transparent plastic sheath was inserted, while ICP decreased significantly when using the new technique. 
Conclusions: The two-in-one technique can decrease ICP quickly and avoid transient ICP increases caused by trans-
parent sheath insertion. This approach can also avoid the shortcomings of stereotactic aspiration and offers the 
advantages of neuroendoscopy. More importantly, it was effective and safe, making it a promising method for the 
surgical treatment of SSICH. 
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Introduction 

Spontaneous supratentorial intracerebral hem-
orrhage (SSICH) is the most deadly subtype of 
stroke, with a 30-day mortality rate of approxi-
mately 40% [1]. More than 5 million brain hem-
orrhages occur annually [2]. The prognosis of 
SSICH remains dismal, with up to 75% of 
patients suffering significant disability [3]; only 
12-39% of the long-term survivors have favor-
able neurological function recovery [1, 4]. 

Minimally invasive surgery (MIS) including ste-
reotactic aspiration and neuroendoscopic sur-
gery is an important and promising option for 
SSICH treatment, showing markedly better  
outcomes than a classical craniotomy [5-9]. 
Although, stereotactic aspiration offers the 

shortest access time to the hematoma, it is 
associated with a lack of effective hemostasis 
and lower evacuated rate. Neuroendoscopic 
techniques are able to evacuate a hematoma 
with high efficiency and stop the bleeding under 
direct vision; however, they are more time-con-
suming than stereotactic aspiration to the 
hematoma, and the transparent plastic sheath 
might further increase intracranial pressure 
(ICP). Since both types of MIS have important 
limitations, the development of a safer and 
more effective method is warranted. 

Since December 2018, we have used a new 
approach termed the “two-in-one technique” 
that combines the endoscopic techniques with 
stereotactic aspiration to treat 40 cases of 
SSICH. Four patients were evaluated for ICP 
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changes caused by the transparent plastic 
sheath or from undergoing the new approach. 
The results were excellent, indicating that this 
approach might be a safe and reliable alterna-
tive for the treatment of SSICH.

Materials and methods

Surgical indications and patient selection

Forty patients with SSICH who were treated 
using this new approach (Group A) in our de- 
partment were prospectively studied from 
December 2018 to October 2020. The time 
access to the hematoma, average hematoma 
evacuation rate, and Glasgow Coma Scale 
(GCS) improvement at discharge were ana-
lyzed. All patients underwent computed tomog-
raphy (CT) scans before surgery and within  
24 h postoperatively. The hematoma volumes 
were analyzed by 3D Slicer software, and the 
hematoma evacuation rate was calculated as: 
([preoperative volume - postoperative volume]/
preoperative volume) × 100%. Patients were 
sent to the intensive care unit, where blood 
pressure and excessive fluid consumption were 
controlled. Two patients were evaluated for ICP 
increases caused by the transparent plastic 
sheath, while two others were assessed for ICP 
decreases after undergoing surgery with the 
new approach. The control groups were made 
up of 42 patients treated by stereotactic aspi-
ration (Group B) and 40 cases treated by neuro-
endoscopy (Group C).

The inclusion criteria were as follows: diagnosis 
of acute SSICH, hematoma volume ≥20 ml,  
and GCS score ≥5. Patients with GCS <5, seri-
ous clotting disorders, or caused by secondary 
factors were excluded. 

“Two-in-one technique”

This study was approved by the ethics commit-
tee of Renmin Hospital of Wuhan University 
(WDRY2022-KS002, Wuhan, China). All pa- 
tients or their family members provided written 
informed consent, and all procedures were 
conducted in accordance with the tenets of the 
Declaration of Helsinki. 

The operation included two parts: 1) Insert a 
soft catheter into the hematoma and partially 
aspirate the clot to rapidly decrease ICP. 2) Use 
a neuroendoscope to remove the residual 

hematoma and stop the bleeding. First, a linear 
scalp incision (4-5 cm) was performed accord-
ing to the hematoma location. The burr hole 
was made, the dura matter was cut, and a soft 
catheter was inserted into the hematoma cavi-
ty. Then, approximately one-third of the clot  
was aspirated through the catheter using a 
syringe. Next, a small bone flap (~2.5 cm) was 
created and the dura matter opened, a 1.5-cm 
cortical incision was performed, and a trans-
parent plastic sheath was inserted into the 
hematoma cavity. A 0° rigid endoscope (Karl 
Storz, Germany) was introduced into the hema-
toma cavity, and suction was used to remove 
the residual hematoma. Obvious intraoperative 
bleeding was stopped using a bipolar coagula-
tor. After removing the hematoma, a soft cath-
eter was placed inside the cavity, the bone flap 
was recovered, and the skin incision was 
sutured (Figures 1A-H, 2A-H).

Statistical analysis

Descriptive analysis (mean, standard deviation, 
and median) was used for continuous variables 
and percentages for categorical variables. Chi-
square test was used for dichotomous vari-
ables and Analysis of variance (ANOVA) used 
for continuous variables. GCS score data that 
did not comply with the normal distribution 
were analyzed by applying the Kruskal-Wallis 
test. Statistical analyses were conducted using 
SPSS 21.0 software (IBM, Armork, NY, USA). 
P<0.05 was considered statistically signifi- 
cant.

Results

A total of 40 patients were successfully treat- 
ed with the new approach (Group A), including 
31 men and 9 women (median age: 55.15 
years; range: 31-77 years). The average time 
access to the hematoma with the two-in-one 
approach was 4.675 minutes, which was simi-
lar to the stereotactic aspiration group but sig-
nificantly shorter than neuroendoscopy group 
(Figure 3). The mean preoperative hematoma 
volume was 45.07 ml, and the average hema-
toma evacuation rate was 91.91%, with the 
highest hematoma evacuation rate reaching 
100% (Figures 3-5). The average preoperative 
and postoperative GCS scores were 9.55 and 
13.35, respectively, which was much higher 
than in the stereotactic aspiration group (Table 
1; Figure 6).
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Figure 1. The two-in-one surgical approach for basal ganglia hemorrhage. A. CT scan showing a hematoma located 
in right basal ganglia, and the midline structure was shifted. B. A 4-cm linear scalp incision was performed; the cen-
tral point was 2.5 cm behind the hairline and 3 cm from the sagittal line. C. A burr hole was made, a soft catheter 
was inserted into the hematoma cavity and approximately one-third of the hematoma was aspirated through the 
catheter using a syringe. D. A small bone flap (~2.5 cm) was created, the dura was tented and opened in a cruciate 
fashion. E. The residual hematoma was evacuated under direct neuroendoscopic view. F. After evacuation of the 
hematoma, the soft catheter was laid inside the hematoma cavity, and the dura was closed. G. The small bone flap 
was recovered and fixed. H. Postoperative CT scan showing the hematoma was removed satisfactory. 

Figure 2. The two-in-one surgical approach for subcortical hemorrhage. A. Preoperative CT scan showing a hema-
toma in the right temporal lobe. B. A 5-cm linear scalp incision was performed near the hematoma. C. The burr hole 
was made at the back of the hematoma. D. A soft catheter was inserted into the hematoma cavity, and approxi-
mately one-third of the hematoma was aspirated through the catheter using a syringe. E. The residual hematoma 
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Evaluation of ICP changes caused by transpar-
ent plastic sheath insertion

The average volume of the transparent plastic 
sheath was 10-15 ml, which will increase ICP 
when it is inserted into the brain. We use a ven-
tricular catheter with a sutured glove that is  
ballooned with water and developed a water 
sac model to simulate this process. ICP moni-
toring was performed and recorded when the 
volume of the balloon was increased from 0 to 
15 ml (Figure 7). 

ICP monitoring was performed in four patients 
to evaluate fluctuations and demonstrate the 
benefits of this new approach. Evaluation of the 
increase in ICP in two patients caused by the 
transparent plastic sheath revealed that ICP 
sharply increased when 0-15 ml of water was 
injected into the brain. In two other patients, we 
found that ICP was significantly decreased 
when we aspirated part of the hematoma 
(Figures 8, 9).

Discussion

Surgical treatment is an important option for 
patients with medium-to-large ICHs. This meth-
od can be used to evacuate hematomas, 
decrease ICP, reduce perihematomal edema, 
limit toxic effects of the hematoma, and reduce 
mechanical compression on normal brain tis-
sue. These effects limit brain injury, lower mor-
tality, and improve survival rates [10-12]. 
Craniotomy, stereotactic aspiration, and neuro-
endoscopic surgery are the three main surgical 

methods applied in this setting; however, each 
method has specific advantages and short- 
comings [7]. Conventional craniotomy can be 
used to evacuate hematoma and simultane-
ously remove the bone flap, offering an extraor-
dinary decompression effect. However, this 
invasive procedure fails to protect functional 
brain tissue surrounding the hematoma and is 
associated with excessive damage. These 
observations were reported in large pragmatic 
trials, which did not show improvements in 
functional outcome or mortality [13, 14]. 
Stereotactic aspiration is another common  
and effective surgical approach for SSICH. 
While it is the most minimally invasive and has 
the shortest duration, it is limited by its partial 
clearance rate and high rebleeding rate [7]. 
Neuroendoscopy is minimally invasive, enables 
direct visualization, and has an effective hema-
toma evacuation rate [7, 15]; however, it is 
more time-consuming than stereotactic aspira-
tion [16].

The best therapeutic option for medium-to-
large SSICH remains controversial [6], but MIS 
approaches including neuroendoscopic surgery 
and stereotactic aspiration are accepted as 
effective, safe, and promising alternative meth-
ods to craniotomy [5, 17, 18]. The key advan-
tages of MIS are drastically reduced manipula-
tion of viable brain tissue and significantly fast-
er access to the hematoma. These variables 
may have significant impacts on the rates of 
mortality and morbidity, especially in patients 
with impending cerebral herniation. 

Figure 3. Time to access hematoma (A) and hematoma evacuation rates (B) by group. (A) There were no significant 
differences between Groups A and B, which were both significantly shorter than the time to access for Group C. (B) 
Preoperative hematoma volumes were similar, but there were significant differences in postoperative hematoma 
volumes and hematoma evacuation rates among the three groups. 

was evacuated under direct neuroendoscopic view. F. Following evacuation, a soft catheter was laid inside the he-
matoma cavity, and the dura was closed. G. The small bone flap was recovered and fixed. H. Postoperative CT scan 
showing satisfactory hematoma removal. 
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Figure 4. The intracerebral hematoma volume and hematoma evacuation rate of a right basal ganglia was analyzed and calculated with 3D Slicer software. A. Pre-
operative CT scan showing a hematoma in the right basal ganglia. B. The preoperative hematoma volume was 48.8 ml. C. Postoperative CT confirmed successful 
hematoma removal. D. The postoperative hematoma volume was 1.07 ml, corresponding to a hematoma evacuation rate of 97.8%.
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Figure 5. The intracerebral hematoma volume and hematoma evacuation rate of a left temporal lobe hematoma were analyzed and calculated by the 3D Slicer 
software. A. Preoperative CT scan showing a hematoma in the left temporal lobe. B. The preoperative hematoma volume was 50.68 ml. C. Postoperative CT scan 
confirming hematoma removal. D. The postoperative hematoma volume was 0 ml, and the hematoma evacuation rate was 100%.
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Stereotactic aspiration offers the fastest 
access to the hematoma, but it also associated 
with a higher rebleeding rate ranging from 
5-18.2% [7, 19]. Furthermore, this approach is 

not suitable for ultra-early surgery patients, as 
hematoma expansion often occurs within 20 h 
from hemorrhage onset. In general, neurosur-
geons must wait for the hematoma to stabilize 

Table 1. General information and results of 122 SICH patients treated by different methods
Information Group A Group B Group C K/F/χ2 P
Sex M 31 33 24 4.37a 0.113

F 9 9 16
Age (yrs) 55.15 ± 10.40 54.93 ± 10.53 57.7 ± 10.11 0.873b 0.42
Preop GCS score 9.55 ± 2.42 9.45 ± 2.27 9.10 ± 2.51 0.69c 0.71
Postop GCS score 13.35 ± 2.64 11.36 ± 2.64 12.93 ± 3.26 16.67c <0.01
GCS improvement 3.8 ± 2.44 1.9 ± 2.61 3.83 ± 3.29 18.12c <0.01
Preop ICH volume (cm3) 45.07 ± 20.43 46.47 ± 20.13 43.67 ± 19.06 0.197b 0.82
Postop ICH volume (cm3) 3.19 ± 3.62 25.37 ± 15.14 4.46 ± 4.59 69.40b <0.01
Hematoma evacuation rate (%) 91.91 ± 9.72 44.2 ± 33.10 89.20 ± 9.55 66.08b <0.01
Time to access hematoma (min) 4.675 ± 0.985 4.88 ± 0.93 10.20 ± 1.29 332.22b <0.01
aχ2 test, bF (analysis of variance), cK (Kruskal-Wallis test). Group A, two-in-one group; Group B, stereotactic aspiration group; 
Group C, neuroendoscopic group. F, female; ICH, intracerebral hemorrhage; GCS, Glasgow Coma Scale. M, male. 

Figure 6. GCS improvements by group. Preoperative GCS scores were similar among all three groups, but there were 
significant differences in postoperative GCS and GCS improvement.

Figure 7. Transparent plastic sheaths and water sac model. A. Different types of transparent plastic sheaths with an 
average volume of ~15 ml. B. Water sac model to simulate transparent plastic sheath insertion. 
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prior to performing clot evacuation, and this 
may contribute to a poor prognosis [16]. 
Additionally, according to the latest study con-
ducted by Hanley and colleagues, this treat-
ment is not recommended for large SSICH [20]. 
In the MISTIE III trial, aspiration and thrombo-
lytic irrigation of large SSICHs with alteplase via 

an image-guided catheter did not improve func-
tional outcomes compared with standard medi-
cal care [20].

Neuroendoscopic surgery is another useful 
minimally invasive approach for SSICH. Ac- 
cumulating evidence indicates that this treat-

Figure 8. ICP was monitoring with the water sac model to simulate the process of transparent plastic sheath inser-
tion. A, B. Pre- and postoperative CT scan of a patient with a 32.7-ml hematoma. C, D. The ICP was 14 mmHg before 
hematoma evacuation and water injection. E, F. The ICP was up to 18 mmHg when 5 ml water injected. G, H. The ICP 
increased to 30 mmHg when 10 ml water was injected. I, J. ICP reached 47 mmHg when 15 ml water was injected.

Figure 9. ICP monitoring during the two-in-one surgical procedure. A. Preoperative CT scan of a patient with a 35.5-
ml hematoma. B. Zero setting of intracranial pressure monitor before operation. C, D. The preoperative ICP was 26 
mmHg. E, F. ICP decreased to 21 mmHg when 5 ml of the hematoma was aspirated. G, H. ICP reached 17 mmHg 
after 10 ml of the hematoma was aspirated. I, J. The ICP was down to 5 mmHg following hematoma evacuation. 
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ment may provide the best outcomes in terms 
of clot removal and maximum patient safety [5, 
6, 21]. It offers the advantages of immediate 
clot evacuation, shorter surgical duration, and 
less surgery-related morbidity [21]. Moreover,  
it allows longer trajectories and can be applied 
to deep hemorrhages, with fewer disadvantag-
es and drastically reduced brain manipulation 
compared to craniotomy. It also provides better 
hemostatic control since the surgeon can stop 
bleeding under direct vision [7, 21], so this 
approach carries a minimal rebleeding rate 
compared with stereotactic aspiration [6].

Space-occupying hematomas may contribute 
to increased ICP, and it has been reported that 
ultra-early clot removal may limit the toxic 
effects of a hematoma, reduce mechanical 
compression of normal brain tissue, prevent 
vasogenic edema evolution, and substantially 
reduce perihematomal edema. Thus, the time 
to access hematoma and rapid ICP reduction 
are important factors contributing to the prog-
nosis of patients with SSICH, especially those 
with cerebral herniation. Although stereotactic 
aspiration offers the shortest access time, it 
has inherent shortcomings that can be 
addressed by combining it with other tech-
niques. In this case series, we developed a  
new approach combining neuroendoscopy and 
stereotactic aspiration. In the first part of this 
procedure, we directly inserted a catheter into 
the clot in several minutes and partly removed 
the hematoma to quickly decrease ICP, while 
also avoiding the transient ICP increase caus- 
ed by the transparent sheath. In the second 
part, we used neuroendoscopy to evacuate the 
residual clot and manage active bleeding. In 
our study, all 40 patients achieved excellent 
postoperative evacuation rates, proving that 
this new approach is a fast, effective, and safe 
treatment for SSICH.

Conclusion

Our two-in-one technique quickly decreased 
ICP and avoided the transient increase caused 
by transparent sheath insertion. It overcame 
stereotactic aspiration’s shortcomings of poor 
hematoma removal efficiency and high rebleed-
ing rate by exploiting neuroendoscopic advan-
tages of efficient hematoma removal and  
reliable hemostasis. Hemorrhage evacuation 
using this new approach was effective and 

safe, suggesting it could be a promising meth-
od for the surgical treatment of SSICH. 
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