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Abstract

Objective: The present study aimed to evaluate the clinical value of minimally invasive surgery for
intracranial hematoma removal and high intracranial pressure (ICP) reduction using a novel three-needle
brain puncture technique.

Methods: A total of 202 cases with supratentorial hematoma were analyzed, 54 of whom received three-
needle brain puncture (study group), and the remaining cases received single-needle (control groups 1 and
2) and two-needle brain puncture (control group 3). The amount of intracranial hematoma removed,
changes in ICP, retention time of puncture needle, volume of residual blood, the National Institute of
Health Stroke Scale (NIHSS) score, and postoperative survival rate were used as indexes to evaluate
patient outcomes.

Results: We found that three-needle brain puncture (study group) can remove more intracranial hematoma
(p<0.05) and achieve lower ICP (p<0.05) than single- and two-needle brain puncture (control group). The
needle retention time and volume of residual blood significantly decreased in the study group.
Additionally, a statistically significant difference was observed in the NIHSS scores and survival rates
between the study and control groups (p<0.05).

Conclusion: These data suggest that three-needle minimally invasive stereotactic puncture can effectively
remove hematoma, reduce ICP, decrease the degree of brain damage, and improve prognosis.

Keywords: Cerebral hemorrhage, intracranial pressure monitoring, minimally invasive procedures, three-
needle puncture, national institute of health stroke scale

Introduction

Hypertensive intracerebral hemorrhage (HICH) is a devastating event that develops rapidly and
is associated with a high mortality rate, primarily due to brain injury caused by increased
intracranial pressure (ICP) M. Brain damage caused by medium-to-large volume intracranial
hematoma has a high incidence of sequelae and a high mortality rate, posing a huge burden on
patients, families, and society 2 3. Currently, the development of effective therapeutic strategies
for acute HICH is still challenging. With the constant innovation concept of minimally invasive
surgery and the continuous improvement of surgical instruments, minimally invasive surgery
has been applied in clinical practice to improve postoperative outcomes. If patients are timely
treated with minimally invasive surgery to remove intracranial hematoma and provided general
care to reduce ICP, their survival outcomes will be significantly improved. The preoperative
period and surgical procedures used for medium-to-large volume ICP are the determinant
factors. It is of positive clinical significance to control the preoperative period and improve
surgical procedures [ 51 In this paper, clinical data of patients with 30-70 mL of ICH treated
with different stereotactic minimally invasive surgeries were collected to determine the optimal
treatment for HICH patients. This study describes a novel three-needle brain puncture technique
for intracranial hematoma removal and high ICP management. Our findings are expected to
provide results in terms of both efficacy and safety of HICH treatment, as well as improve the
prognosis of patients.

Materials and Methods

This study of spontaneous ICH treatment (including the use of clinical data and personal patient
data) was approved by the Ethics Committee. All patients or their authorized representatives
provided written informed consent to undergo minimally invasive surgery.
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Instrument and Reagents

The equipment used for minimally invasive puncture were as
follows: Stereotactic device (Xi’an Weisheng Medical Device
Co., Ltd., China), disposable intracranial hematoma removal
package miniature skull drill, cerebral drainage bag, silicone
syringe, general surgical instruments, disposable applicator,
urokinase injection (Guangdong Techpool Bio-Pharma Co.,
Ltd.,, China), urapidil injection (Shandong Luoxin
Pharmaceutical Group Co., Ltd., China), nitroglycerin injection
(Beijing Yimin Pharmaceutical Co., Ltd., China), compound
mannitol injection, glycerol, fructose injection, 2% lidocaine
hydrochloride injection, and 0.9% sodium chloride injection.

Inclusion and Exclusion Criteria for Patients

The inclusion criteria were as follows: (1) Patients diagnosed
with supratentorial cerebral hemorrhage (30-70mL) through
cerebral computed tomography (CT) scanning but no obvious
subarachnoid hemorrhage; (2) patients with a history of
hypertension or hypertension observed upon admission; and (3)
patients whose family members provided informed consent for
surgery. The preoperative “agreement to puncture” period for
the study group was approximately 1 hour (<2 h), while that for
the control group was more than 2 hours (>2 h).

The exclusion criteria were as follows: (1) patients with brain
herniation requiring emergency surgery; (2) patients with
contraindications or serious complications; (3) patients with
cerebral vascular malformations or hemorrhagic neoplasms
requiring neurosurgery; (4) patients with hematoma breaking
into ventricles with cast formed; (5) patients who died within
two weeks; and (6) patients whose family members refused to
sign the surgical consent.

Treatment Methods

In accordance with the criteria mentioned above, 202 patients
with HICH (volume of intracranial hematoma: 30-70 mL) who
received treatment in the emergency department at the affiliated

https://www.surgeryscience.com

hospital of Deccan College of Medical Sciences, Hyderabad,
Telangana. After admission, the patients were randomized to a
study group (54 patients) and a control group (148 patients).
Patients in the study group received two-needle minimally
invasive stereotactic puncture to evacuate the intracranial
hematoma, with an ICP sensor probe with a drainage tube (the
third needle) placed into the anterior horn of the lateral ventricle
opposite the hematoma to monitor ICP and drain cerebrospinal
fluid. The control group was divided into three groups: Control
group 1 (39 patients), control group 2 (51 patients), and control
group 3 (58 patients). Control group 1 received single-needle
minimally invasive stereotactic puncture, and an ICP sensor
probe without a drainage tube was placed into the upper lateral
edge of the hematoma to monitor ICP. Control group 2 received
single-needle minimally invasive stereotactic puncture, and an
ICP sensor probe without a drainage tube was placed in the
anterior horn of the lateral ventricle opposite the hematoma to
monitor ICP. Control group 3 received two-needle minimally
invasive stereotactic puncture, and an ICP sensor probe without
a drainage tube was placed in the anterior horn of the lateral
ventricle opposite the hematoma to monitor ICP (Figure 1).
Gender, age, and other general conditions of the patients in the
study and control groups had no significant differences (Table
1). All patients received routine treatment such as sedation,
hemostasis, blood pressure reduction, anti- infection,
dehydration, ICP reduction, and brain cell protection treatment
when admitted to the hospital.

Evacuation of Hematoma by a Minimally Invasive Procedure
Before minimally invasive surgery, each patient underwent a
repeat CT scan after the location framework was fixed on the
patient’s head, and the scan was then printed in actual size.
Using the CT scan, the coordinates (X-Y-Z) of the intracranial
hematoma and puncture sites were determined without
damaging the functional areas. Local anesthesia was then
administered at the puncture point before surgery.

preoperative period=2h

preoperative period=2h

Partial ICP
monitoring

Average ICP Average ICP
monitoring monitoring

Fig 1: The experiment consort diagram.
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The skull was punctured by an electrical drill under the guidance
of a stereotactic instrument, and an ICP sensor probe with a
drainage tube (the first needle) was inserted slightly into the
anterior horn of the lateral ventricle opposite the hematoma (A
point in Figure 2) in the study group to monitor ICP and drain
cerebrospinal fluid. For the control group, an ICP sensor probe
without a drainage tube was placed in the upper lateral edge of
the hematoma or in the anterior horn of the lateral ventricle
opposite the hematoma to monitor ICP. Next, in the study group,
two puncture needles (the second and third needle) were inserted
slightly into the upper (B point in Figure 2) and lower (C point
in Figure 2) parts of the hematoma (Figure 2), respectively. In
the control group, the maximum volume of blood aspirated was
approximately 1/3rd of the total amount of intracranial
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hematoma, and aspiration was stopped if the ICP returned to a
normal low limit. Subsequently, the ICP was continuously
monitored, and the drainage bags were connected to the needle
for intracranial hematoma drainage following the injection of
dissolved urokinase into the hematoma area. To dissolve the
solid part of the hematoma after surgery, urokinase (50,000 units
diluted in 2 mL of 0.9% saline buffer) was injected slowly into
the residual hematoma area three times a day. The needle system
was closed for 2 h before reopening to allow for spontaneous
drainage. Postoperative CT scans were performed on the third,
fifth, and seventh day after surgery. The puncture needle system
was removed after a brain CT confirmed that the hematoma was
either completely or nearly completely removed.

Table 1: Comparison of General Clinical Data between Two Groups

Control Group
Item Study Group (54) Group 1(39 Cases) Group 2 (51 Cases) Group 3 (58 Cases)
Age (Year) 56.19+6.77 55.82+7.40 55.86+7.09 56.78+7.17
Sex (Male) [Case (%)] 28 (51.85%) 20 (51.28%) 27 (52.94%) 30 (51.72%)
Diabetes [Case (%)] 8 (14.81%) 5 (12.82%) 7 (13.73%) 9 (15.52%)
SBP on admission (mmHg) 173.04+20.05 168.10+20.96 171.04+18.66 171.16+19.29
DBP on admission(mmHg) 98.09+9.73 96.36+9.66 98.00+8.62 98.00+9.33
Basal ganglion hemorrhage [Case (%)] 50 (92.59%) 36 (92.31%) 47 (92.16%) 53 (91.38%)
Blood loss (mL) 48.48+6.86 49.15+7.94 46.98+8.49 46.75+8.06
Coma on admission [Case (%)] 4 (7.41%) 3 (7.69%) 3 (5.88%) 4 (6.90%)

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure.

Fig 2: The puncture points of three-needle brain puncture are illustrated in the CT scans.

Criteria to Evaluate Treatment

The following criteria were used to evaluate treatment: (1) The
volume of blood evacuated and change in ICP during operation;
(2) ICP values at 4, 8, 12, 16, 20, and 24 h on the 1st, 2nd, 3rd,
4th, and 5th day after surgery; (3) the time of needle retention
and residual blood volume around the hematoma; (4) the
National Institute of Health Stroke Scale (NIHSS) score to
evaluate neurological impairment in patients at admission, as
well as 1 week and 2 weeks after admission; and (5) survival
rates recorded during follow-up visit at 3 weeks and 6 months
after surgery.

Statistical Analysis

Statistical analysis was performed using the SPSS 26.0 statistical
software. Measurement data conforming to a normal distribution
were represente. Student’s t-test was used to compare the two
groups. Data is represented using %, and the 2 test was adopted.
p<0.05 was considered statistically significant.

Ethical Approval and Informed Consent

This study of spontaneous intracerebral hemorrhage treatment
(including the use of the clinical data and the personal patient
data) was approved by the Ethics Committee of the Deccan

College of Medical Sciences, Hyderabad, Telangana. All the
patients’ authorized representatives and the patients who had the
ability to communicate with the doctors agreed to undergo
minimally invasive surgery. Written informed consent was
obtained.

Results

Comparison of Intracranial Hematoma Evacuation and
Intraoperative ICP Change

Insertion of two needles into the upper and lower parts of the
hematoma achieved better results, especially in the case of blood
coagulation. The average volume of intracranial hematoma
removed in the study group was 19.80+4.90 mL, while the
volumes of intracranial hematoma removed in control groups 1-
3 were 12.49+4.17 mL, 11.82+3.87 mL, and 19.72+4.40 mL,
respectively. The difference between the study group and control
groups 1 and 2 was statistically significant (p<0.05, Table 2). At
the end of operation, the average ICP was 8.28+3.39 mmHg (1
mmHg = 0.133 kPa) in the study group, 16.41+4.38 mmHg in
control group 1, 15.80+4.54 mmHg in control group 2, and
8.41+3.60 mmHg in control group 3. There was a significant
difference in ICP between the study group and control groups 1
and 2 (p<0.05, Table 2)
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Table 2: Comparison of Volume of ICH Clearance and the Change of Intracranial Pressure during Operation between the Two Groups

Group Initial ICP (mmHg) | Intraoperative ICH Clearance (mL) | Postoperative ICP (mmHg)
Study group (54 cases) 26.09+4.44 19.80+4.90 8.28+3.39
Control Group 1 27.03+4.21 12.49+4.17 16.41+4.38
group (39 cases)
Group 2 26.78+5.12 11.82+3.87 15.80+4.54
(51 cases)
Group 3 26.21+5.06 19.72+4.40 8.41+3.60
(58 cases)

Comparison of Postoperative ICP Change

The ICP was high in all groups on day 1 after surgery, but the
study group recorded a lower ICP than the control groups. From
day 2 to day 5, the ICP in the study group decreased gradually,
indicating that the ICP sensor probe with a drainage tube could
better regulate the ICP with small fluctuations. There were
statistically significant differences in ICP between the two
groups at each time point 5 days after the operation (p<0.05,
Table 3). In the study group, intracranial pressure (mmHg) was
effectively reduced on the 5th postoperative day (Figure 3).

Comparison of Needle Retention Time and Residual
Hematoma

The study group had a significantly shorter needle retention time
compared to control groups 1 and 2, but no difference compared
to control group 3. On the fifth day post operation, puncture
needles were removed from 92.59% (50/54) of patients in the
study group, 74.36% (29/39) of patients in control group 1, and
74.51% (38/51) of patients in control group 2 (p<0.05, Table 4).
Meanwhile, the residual hematoma blood volume was lower in
the study group (4.25+0.89 mL) than in control groups 1
(6.70£1.55 mL) and 2 (7.12£1.21 mL), and the difference was
statistically significant (p<0.05, Table 4).

Table 3: Comparison of Intracranial Pressure (mmHg) on the First to Fifth Day after Operation between Two Groups

Time (h)
Group 4 8 12 16 20 24
Study group | 1d | 17.13+2.57 | 17.06+2.60 | 17.06+2.36 | 16.78+2.14 | 16.50+2.08 | 16.19+1.79
(54 cases) | 2d | 15.93+1.80 | 15.70+1.61 | 1556+1.69 | 15.41+1.67 | 15.30+1.54 | 15.09+1.48
3d | 14.91+1.48 | 1450+1.36 | 14.94x1.80 | 14.70+1.63 | 15.17+1.88 | 14.52+1.58
4d | 14.06+1.64 | 13.85:1.58 | 12.85+2.01 | 12.092.10 | 12.00+2.10 | 11.78+2.21
5d | 11.20£2.11 | 10.93%2.16 | 10.70+2.12 | 10.43+2.22 | 9.96x2.33 | 9.63+2.52
Control group | 1d | 27.4145.24 | 27.13+5.01 | 26.87+4.66 | 26.44+4.47 | 26.23+4.29 | 26.08+4.28
1(39cases) | 2d | 25.90+4.29 | 25.79+4.17 | 25.54+4.10 | 25.44+4.14 | 26.03+3.70 | 25.10+4.51
3d | 24.90+4.12 | 24.95+4.07 | 24.444.02 | 24.28+4.05 | 23.85+4.13 | 23.413.98
4d | 23.31+3.91 | 23.23+3.83 | 23.38+4.18 | 23.13+3.49 | 23.03+3.37 | 22.92+3.32
5d | 22.54+3.31 | 22.28+3.22 | 21.97+3.30 | 21.69+3.14 | 21.18+3.20 | 20.56%3.15
Control group | 1d | 26.94+5.43 | 27.13+5.01 | 26.80+4.74 | 26.45+4.39 | 26.33+4.45 | 26.08+4.32
2 (5Lcases) | 2d | 25.84+4.14 | 25.63+4.07 | 25.73+4.16 | 24.96+4.48 | 24.63+4.40 | 24.14+4.53
3d | 24.04+4.24 | 24.12+4.17 | 23.90+4.22 | 23.67+3.94 | 23.51+3.95 | 23.31%3.70
4d | 23.43+3.60 | 23.24+3.40 | 23.51+3.83 | 23.10+3.33 | 22.84+2.96 | 22.61+2.98
5d | 22.33+3.16 | 22.20+3.05 | 21.75+3.05 | 21.22+3.13 | 20.88%3.05 | 20.31+3.26
Control group | 1d | 22.69+4.78 | 22.53+4.60 | 22.12+4.36 | 21.95t4.19 | 21.66+4.09 | 21.10+3.76
3 (58 cases) | 2d | 20.79+3.65 | 21.02+3.54 | 20.31+3.50 | 20.34+3.49 | 20.22£3.29 | 19.95+3.39
3d | 19.79+3.33 | 19.69+3.29 | 20.093.78 | 19.52+3.55 | 19.34+3.41 | 19.21%3.24
4d | 18.05+3.13 | 18.64%3.12 | 18.21£2.94 | 17.00+2.92 | 17.64x2.83 | 17.22+2.80
5d | 16.88+2.97 | 16.43+2.99 | 16.07+2.94 | 15.84+3.04 | 15.21+2.91 | 14.97+2.93
25
20
15
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Fig 3: Histogram of the mean value of intracranial pressure on the fifth day after operation.
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Comparison of NIHSS Score

The NIHSS score was compared among all groups on
admission, and there was no significant difference between the
study group and control groups 1, 2, and 3 (p>0.05, Table 5).
However, the scores were significantly different at 1 and 2
weeks after admission (p<0.05, Table 5). In the case of medium-
and large-volume HICH patients, a shorter preoperative period
(<2 h) is beneficial for removing hematoma, reducing ICP and
brain damage, and improving the prognosis of patients by using
the two-needle minimally invasive stereotactic brain puncture
procedure.

https://www.surgeryscience.com

Comparison of Survival Rates

The survival rates of patients in the two groups were compared
within the third week and at 6 months after surgery. The survival
rates of patients within the third week after surgery was not
significantly different between the study group and the control
group 1, 2 and 3 (p>0.05, Table 6); meanwhile, there was no
significant difference between the study group and the control
group 3 (91.38%, 53/58) (p>0.05, Table 6); however, the
difference between the study group (92.59%, 50/54) and the
control group 1 (76.92%, 30/39) and 2 (78.43%, 40/51) was
statistically significant (p<0.05, Table 6) at 6 months after
surgery.

Table 4: Comparison of Retention Time of Puncture Needle and VVolume of Residual Blood after Operation between the Two Groups [Case (%)]

Group Ne_zedle Retention N_eedle Retention Volume of Residual Blood
Time for 5*Days Time for 7* Days (mL)
Study group (54 cases) 50(92.59) 4(7.41) 4.25+0.89
Group 1 (39 cases) 29(74.36) 10(25.64) 6.70+1.55
Control group 2 (51 cases) 38(74.51) 13(25.49) 7.12+1.21
Control group 3 (58 cases) 53(91.38) 5(8.62) 4.41+0.98

Table 5: Comparison of NIHSS between the Two Groups

Group On Admission | One Week After Admission | Two Weeks After Admission
Study group (54 cases) 24.76+3.44 15.13+3.57 10.13+2.16
Control group 1 (39 cases) 24.92+3.19 19.54+2.91 15.51+2.77
Control group 2 (51 cases) 23.59+4.10 18.96+3.84 15.27+3.57
Control group 3 (58 cases) 24.05+4.28 17.36+3.20 13.38+3.08

Table 6: Comparison of Survival Rate between the Two Groups [Case (%)]

Grou Survival Rate
P Three Weeks After Operation Six Months After Operation
Study group (54 cases) 53(98.15) 50(92.59)
Control group 1 (39 cases) 37(94.87) 30(96.92)
Control group 2 (51 cases) 48(94.12) 40(78.43)
Control group 3 (58 cases) 56(96.55) 53(91.38)

Discussion

Primary and secondary brain damage may be consequences of
intracranial hematoma. Primary brain damage, such as
intracranial hypertension or cerebral herniation, can be caused
by mechanical compression of hematoma, whereas secondary
brain damage can be caused by toxic substances, inflammatory
mediators, and free radicals released by hematoma [ 71, In recent
decades, minimally invasive procedures have been used to treat
patients with medium- and large- volume intracranial hematoma
BBl Brain stereotactic minimally invasive surgery is one of the
popular surgical options for minimally invasive intracerebral
hematoma removal [ 9. However, it is still necessary to
constantly improve the treatment strategy because timely
removal of intracranial hematoma and reduction of ICP can
reduce the risks for primary and secondary brain damages
mentioned above.

In this study, the patients with supratentorial HICH of 30-70
mL, the preoperative “agreement to puncture” period is
controlled in approximately 1 hour in the study group, and
intracranial hematoma was removed using the two-needle
minimally invasive stereotactic brain puncture procedure, an
ICP sensor with a drainage tube (the third needle) was used to
timely regulate the changes in ICP. This new three-needle
minimally invasive technique is advanced and precise. The ICP
will not be too high or too low due to irregular cerebral drainage
volume. Compared to the control groups 1 and 2, removal of
hematoma in the study group by selecting puncture sites from
the upper and lower parts of the hematoma could help aspirating

the liquid part of the hematoma and reduce ICP. The ICP in the
study group was lower than that in the control groups 1 and 2,
and it decreased gradually (p<0.05) from day 2 to day 5 after
surgery. Meanwhile, the NIHSS scores in the study group
improved remarkably at 1 and 2 weeks after admission,
indicating that the study group had a better prognosis. The
comparison of needle retention time, residual hematoma blood,
and survival rate indicated that the three-needle minimally
invasive stereotactic brain puncture procedure can achieve better
results.

In this study, cerebral drainage in the study group could be
controlled through the open paracele which makes the
intracranial pressure decreased smoothly and improve the
patients’ prognosis by reducing brain damage compared to the
control group 3. The intracranial hematoma can be effectively
removed using the two-needle minimally invasive stereotactic
brain puncture procedure in the control group 3. Though the
survival rate of the patients is high in this group, the
neurological deficits are severe for improperly drain
cerebrospinal fluid without a fluid drainage tube. This finding
fully demonstrates the importance of the three-needle minimally
invasive stereotactic brain puncture procedure. In patients with
medium- and large-volume intracranial hematoma, the fatality
and disability rates caused by brain damage are very high. The
therapeutic time window for HICH is approximately 6-8 hours;
early surgeries performed to remove most of the hematoma and
reduce the high ICP caused by compression of hematoma are
believed to be optimal in terms of minimizing the damage to
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brain tissue 11913 Therefore, physician-patient communication
should be effective and timely, and the preoperative period
should be controlled within 1 hour for patients with large
volumes of intracranial hematoma (>50 mL). The use of two-
needle brain puncture to clear intracranial hematoma and an ICP
sensor probe with a drainage tube (the third needle) to drain
cerebrospinal fluid and regulate high cranial pressure can reduce
brain injury after intracranial hematoma. The results of this
study are consistent with previously reported relevant literature
14171 This provides an effective reference for the treatment of
medium- and large-volume intracranial hematoma.

Conclusions

In conclusion, for patients with supratentorial HICH of 30-70
mL, an effective preoperative procedure followed by three-
needle minimally invasive stereotactic brain puncture could
effectively remove hematoma, reduce ICP, decrease the degree
of brain damage, thereby improving the prognosis of patients,
and has a very wide popularization and application prospects.
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