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Application of neuroendoscopic surgery in treatment
of hypertensive basal ganglia hemorrhage

Zhenyu Zhang, Zheng Li

Introduction. The influence of Application of neuroendoscopic surgery in treatment of hypertensive basal ganglia
hemorrhage remains largely unknown.

Aim. To compare the clinical efficacy of minimally invasive neuroendoscopic surgery (NES) and small bone window
craniotomy (SBWC) microsurgery on the treatment of patients with hypertensive basal ganglia hemorrhage (HBGH).

Patients and methods. The clinical data of 174 HBGH patients treated in our hospital from January 2018 to September
2020 were retrospectively analyzed. They were divided into minimally invasive NES group (n = 90) and SBWC microsurgery
group (n = 84). Their operation time, hematoma clearance rate, rebleeding and prognosis were compared.

Results. In minimally invasive NES group, the operation time and intraoperative hemostasis time were significantly shorter,
and the intraoperative blood loss was significantly less than those in SBWC microsurgery group (p < 0.001). The preoperative
Glasgow coma scale (GCS) score was 8.64 +1.04 points and 8.68 + 1.02 points respectively in minimally invasive NES group
and SBWC microsurgery group (p > 0.05). At 24 h after operation, the GCS score in minimally invasive NES group rose to
12.89 + 1.56 points, and it had a significant difference from that in SBWC microsurgery group (11.18 + 1.14 points, p <
0.001). The volume of brain edema was 11.82 + 3.25 mL in minimally invasive NES group and 18.89 + 3.15 mL in SBWC
microsurgery group (p < 0.001). In minimally invasive NES group, the clearance of hematoma was superior to that in

SBWC microsurgery group, and the prognosis was also better than that in SBWC microsurgery group.

Conclusions. Minimally invasive NES has better efficacy than SBWC microsurgery in the treatment of HBGH.

Key words. Craniotomy. Hypertensive basal ganglia hemorrhage. Microsurgery. Minimal invasion. Neuroendoscopic

surgery. Small bone window.

Introduction

The pathological mechanism of hypertensive intra-
cerebral hemorrhage (HICH) is as follows: Due to
long-term elevation of blood pressure, fiber- or
glass-like changes are caused in intracranial arteri-
oles, arteriole dilatation and microaneurysm occur,
and the vascular wall becomes more fragile; with
the sudden increase in blood pressure, the blood
hits the arterioles, leading to rupture of vascular
wall or microaneurysm, and the blood enters the
brain tissues and coagulates into hematomas; hy-
pertension can cause intracranial arteriole spasm
and focal ischemic necrosis of distal brain tissues,
resulting in ICH [1-3]. Currently, the specific
pathogenesis of the disease is still under in-depth
research. The basal ganglion is a common site for
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HICH, and hypertensive basal ganglia hemorrhage
(HBGH) accounts for 55-70% in ICH, which can
damage the internal capsule and compress nerves,
typically manifested as hemiplegia, hemidysesthe-
sia and hemianopia contralateral to the hemorrhag-
ic foci [4].

Currently, surgical treatment and conservative
treatment are mainly adopted in the clinical treat-
ment of HICH, both of which aim to stop bleeding
and restore brain nerve function. Surgical treat-
ment is an important treatment means for HBGH,
and it was often performed after failed conservative
treatment previously, so as to eliminate hematoma
and relieve nerve compression. At present, there
has been more thorough understanding of surgical
indications, and the clinical effect has also been en-
hanced. Traditional craniotomy evacuation of he-
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matoma is the most commonly used clinical treat-
ment method for HBGH, and it is suitable under
various conditions. However, the basal ganglion is
located close to important parts, so damage will be
inevitably caused by craniotomy to normal brain
tissues [5]. With the development of minimally in-
vasive techniques, the surgical operation for ICH
has evolved from traditional craniotomy evacua-
tion of hematoma to a variety of surgical methods
under the guidance of minimally invasive idea, such
as evacuation of hematoma by small bone window
craniotomy (SBWC) microsurgery, transcranial
punching aspiration, transcranial punching aspira-
tion + liquefaction drainage, and neuroendoscopic
surgery (NES). The above surgical methods, how-
ever, have their own advantages and disadvantages,
and it remains controversial regarding the selection
of surgical method.

In recent years, neuroendoscopic technique has
been rapidly developed and popularized. Neuroen-
doscopic evacuation of hematoma is characterized
by rapid elimination of hematomas under direct vi-
sion, small operation trauma, short operation time
and quick postoperative recovery [6,7]. NES has
been carried out in some hospitals, but no rigorous
control study has been done on its efficacy.

Aim

In the present study, therefore, the clinical efficacy
of minimally invasive NES and SBWC microsur-
gery was compared and analyzed in the treatment
of HBGH patients in our hospital.

Patients and methods

General data

A total of 174 HBGH patients treated in our hospi-
tal from January 2018 to September 2020 were en-
rolled, and they met the following inclusion crite-
ria: a) patients definitely diagnosed with HBGH with
a volume of hematoma of 30-73 mL; b) those with a
preoperative Glasgow coma scale (GCS) score > 6
points; c) the time interval from onset to surgery <
24 h; d) those with complete imaging data for re-
view and comparison immediately after operation
and during postoperative hospitalization; and e)
those without cerebral arteriovenous malforma-
tion, brain trauma, brain aneurysm and coagulation
disorder-induced hemorrhage confirmed by clini-
cal and imaging examinations. Exclusion criteria

were as follows: a) patients with a history of prima-
ry hypertension; b) those without complete imag-
ing data; c) those with non-HBGH; d) those accom-
panied by dysfunction of other vital organs; or e)
those with bilateral mydriasis or respiratory failure
before operation. According to different operation
methods, the patients were divided into minimally
invasive NES group (# = 90) and SBWC microsur-
gery group (n = 84). In minimally invasive NES
group, there were 48 males and 42 females aged 35-
75 years old, with an average of 52.9 + 4.3 years old.
The preoperative GCS score was 6-8 points in 48
cases, 9-12 points in 27 cases, and >12 points in 15
cases. In SBWC microsurgery group, there were 51
males and 33 females aged 35-76 years old, with an
average of 52.6 + 4.1 years old. The preoperative
GCS score was 6-8 points in 39 cases, 9-12 points
in 36 cases, and >12 points in 9 cases. Definite diag-
nosis was made by head CT, and the hematoma
could be classified into the following types based
on the Mizukami’s hematoma classification meth-
od: 30 cases of localized type, 36 cases of putamen
pyramidal tract type, and 24 cases of putamen py-
ramidal tract ventricular type in minimally invasive
NES group; 30 cases of localized type, 33 cases of
putamen pyramidal tract type, and 21 cases of pu-
tamen pyramidal tract ventricular type in SBWC
microsurgery group. The volume of hematoma was
calculated using the Tada’s formula. It was found
that the volume of hematoma was 62 + 13 mL in
minimally invasive NES group, including 15 cases
(16.7%) of hemorrhage breaking into the ventricle,
and it was 63 + 12 mL in SBWC microsurgery
group, including 12 cases (14.3%) of hemorrhage
breaking into the ventricle. The time interval from
onset to operation was 12.4 + 2.1 h in minimally in-
vasive NES group, and 12.2 + 2.0 h in SBWC micro-
surgery group. The clinical data had no significant
differences between the two groups (p > 0.05) (Ta-
ble I).

Minimally invasive neuroendoscopic surgery for
hypertensive intracerebral hemorrhage

Minimally invasive NES was performed in mini-
mally invasive NES group under compound intra-
venous anesthesia with tracheal intubation. The
neuroendoscopy system (Rudolf, Germany) was
used, including a working lens and an observation
lens at an angle of 0° and 30°, respectively (Fig. 1).
The working lens had three channels integrating
flushing, suction and equipment. After CT exami-
nation, the skull was drilled at the CT slice with the
largest volume of hematoma and the closest posi-
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Table I. Preoperative general data.

SBWC microsurgery Minimally invasive
group NES group t/y2 p
(n=284) (n=90)
Age (years) 52.6+4.1 529+43 t=0.47 0.639
Gender x2=0.965 0.326
Male 51 48
Female 33 42
Preoperative GCS score %2 =3.041 0.219
6-8 39 47
9-12 36 28
>12 9 15
Mizukami’s hematoma classification x2=0.934 0.627
Localized type 30 30
Putamen pyramidal tract type 33 36
Putamen pyramidal tract ventricular type 21 24
Volume of hematoma (mL) 63.5+12.4 62.6 +13.2 %2 =0.463 0.644
Hemorrhage breaking into the ventricle 15 12 %% =0.678 0.41
Time interval from onset to operation (hours) 122+2 12.4+2.1 x2=0.642 0.522

GCS: Glasgow coma scale; NES: neuroendoscopic surgery; SBWC: small bone window craniotomy.

tion of the center of hematoma to the inner plate of
cranial bone. A 3-4 cm-long straight incision was
made with the bone hole as the center, and a bone
hole with a diameter of 1-1.5 cm was drilled on the
skull. After the dura mater was cut, the local corti-
cal brain tissues were subjected to bipolar electro-
coagulation for a few millimeters and slightly cut
open. The combined neuroendoscopic outer sheath
was used for puncture along the direction indicated
by CT to establish a minimally invasive endoscopic
channel. The surgeon removed intracerebral hema-
toma through the neuroendoscopic outer sheath
under direct vision of the neuroendoscope. After
thorough hemostasis was confirmed on the hema-
toma cavity wall at various angles under the neuro-
endoscope, the hemostatic gauze was used to cover
the hematoma cavity wall through the neuroendo-
scopic outer sheath under direct vision. After oper-
ation, a drainage tube was indwelt outside the he-

www.neurologia.com  Rev Neurol 2022; 75 (5): 109-116

matoma cavity under direct vision of the neuroen-
doscope generally for 3-14 d. Finally, the neuroen-
doscopic outer sheath was withdrawn, the bone
hole was filled with gelatin sponge, and the skin
was sutured (Fig. 2a).

Small bone window craniotomy microsurgery

SBWC microsurgery was conducted in SBWC mi-
crosurgery group under compound intravenous an-
esthesia with tracheal intubation. A 6-7 cm-long
preauricular oblique incision was made towards the
parietal tuber, the temporalis was cut off along the
muscle fibers, and the surgical field was expanded
with a posterior fossa retractor. The bottom side of
bone window (4 cm x 5 cm) should reach the base
of the middle cranial fossa as far as possible, the
dura mater was cut radially to expose the lateral fis-
sure cistern, and an operating microscope was
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Figure 1. Minimally invasive neuroendoscopic surgery system.

placed. In the case of high brain pressure and brain
tissue prolapse, the brain puncture needle could be
punctured into the hematoma cavity through the
avascular area in the superior temporal gyrus ac-
cording to the CT location, so as to aspirate part of
the hematoma. After the brain pressure declined,
the arachnoid of the lateral fissure cistern was dis-
sected under the microscope, and the insular cortex
was exposed. Then the insular cortex was cut open
into the hematoma cavity in the avascular area at
the slice with the largest volume of hematoma and
closest to the insular cortex, and the hematoma was
gradually removed under the microscope. The he-
matoma cavity wall was covered with brain cottons
from shallow to deep, and the brain cottons were
removed from inside out after the hematoma was
removed. The lateral ventricle puncture and exter-
nal drainage were performed first for patients with
hemorrhage breaking into the ventricle (Fig. 2b).

Observation indices

The operation time, intraoperative blood loss and
intraoperative hemostasis time were recorded. The

difference in the GCS score of patients before opera-
tion and at 24 h after operation was detected. The
volume of hematoma was calculated using the Ta-
da’s formula based on head CT scan results at 1 d
after operation; hematoma clearance rate = (preop-
erative volume of hematoma — postoperative vol-
ume of hematoma)/preoperative volume of hemato-
ma x 100%. Hematoma clearance rate >95% indicat-
ed complete clearance, 80-95% indicated nearly
complete clearance, and <80% indicated partial
clearance. At 72 h after operation, head CT was con-
ducted, and the volume of brain edema zone in the
surgical area was compared after the two opera-
tions; volume of brain edema zone = total lesion vol-
ume on CT scan - volume of hematoma. All patients
enrolled were followed up regularly, and the GCS
score was given at six months after operation to de-
termine the prognosis: 5 points = good recovery, 4
points = mild disability, 3 points = severe disability,
2 points = vegetative survival, and 1 point = death.

Statistical analysis

SPSS 23.0 software was used for analysis. Normally
distributed measurement data were expressed as
mean * standard deviation, and intergroup com-
parison was conducted by two-sample ¢ test. Nu-
merical data were expressed as percentage, and
intergroup comparison was performed by y?2 test.
Ranked data were compared by rank sum test. p
<0.05 was considered statistically significant.

Results

Operation conditions

In minimally invasive NES group, the operation
time and intraoperative hemostasis time were sig-
nificantly shorter (127.28 + 14.21 min and 22.32 +
2.09 min), and the intraoperative blood loss (43.29
+ 546 mL) was significantly less than those in
SBWC microsurgery group (193.41 + 11.56 min
and 24.37 + 2.18 min; 193.28 + 11.25 mL, p < 0.001).
The typical images before and after minimally inva-
sive NES are exhibited in figure 3.

Glasgow coma scale scores

The preoperative GCS score had no significant dif-
ference between minimally invasive NES group and
SBWC microsurgery group (8.64 + 1.04 vs. 8.68 +
1.02 points, p > 0.05). At 24 h after operation, the
GCS score in minimally invasive NES group signifi-
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cantly rose (12.89 + 1.56 points), and it had a sig-
nificant difference from that in SBWC microsur-
gery group (11.18+1.14 points, p < 0.001).

Hematoma clearance rates

In minimally invasive NES group, there were 48 cas-
es of complete clearance, 23 cases of nearly com-
plete clearance, 15 cases of partial clearance, and 4
cases of rebleeding. In SBWC microsurgery group,
there were 24 cases of complete clearance, 35 cases
of nearly complete clearance, 20 cases of partial
clearance, and 5 cases of rebleeding. The efficacy
had a significant difference between the two groups
(p < 0.05). According to the mean rank, minimally
invasive NES group had a higher hematoma clear-
ance rate than SBWC microsurgery group (Table II).

Brain edema at 72 h after operation

The volume of brain edema zone in minimally inva-
sive NES group was significantly smaller than that
in SBWC microsurgery group (11.82 + 3.25 mL vs.
18.89 + 3.15 mL) (p < 0.001).

Prognosis results

A significant difference was found in the distribu-
tion of GOS score between the two groups at six
months after operation (p < 0.05). According to the
mean rank, the prognosis was better in minimally
invasive NES group than that in SBWC microsur-
gery group (Table III).

Discussion

The surgical operation of HICH mainly aims to
eliminate hematoma as soon as possible, reduce in-
tracranial pressure and alleviate neurological dam-
age caused by brain edema, creating favorable con-
ditions for the functional recovery of damaged
brain tissues [8,9]. However, no standardized pro-
gram has been established on the surgical indica-
tions and methods for HICH yet currently, and the
selection of treatment methods has always been
hotly debated [10,11]. The fundamental objective of
surgical treatment of HICH is to ‘strive to save lives
and preserve or restore the nerve function to the
largest extent’ [12]. With the development of medi-
cal technology and the improvement in endoscopic
techniques, neuroendoscope has been able to be
used alone as a lighting and observation tool like a
microscope. The surgeon can perform neurosurgi-
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Figure 2. Intervention images of (a) minimally invasive NES and (b) SBWC microsurgery.

Table Il. Hematoma clearance rates.

SBWC microsurgery

Minimally invasive

group NES group z p
(n=84) (n=90)
Complete clearance 24 48
Nearly complete clearance 35 23
Partial clearance 20 15 3.287 0.008
Rebleeding 5 4
Mean rank 40.27 28.65
SBWC: small bone window craniotomy.
Table IIl. GOS scores at six months after operation.
SBWC microsurgery Minimally invasive
group NES group z p
(n=84) (n=90)
1point 5 6
2 points 16 6
3 points 50 45
3.975 0.003
4 points 10 24
5 points 3 9
Mean rank 38.92 30.16
SBWC: small bone window craniotomy.
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Figure 3. Typical images before and after minimally invasive NES. a and b) images of a 60-year-old male
patient before and after hematoma removal; c and d) images of a 56-year-old female patient before and

after hematoma removal.

na

cal operations under the neuroendoscope as a ‘hand-
held microscope’ [13]. Minimally invasive tech-
niques such as neuroendoscopy has gradually at-
tracted the attention of clinicians in the treatment
of patients with HICH, but the research is still lim-
ited to a small number of case reports, and there
are few related studies compared with the multi-
index system of the existing mature microsurgery.
In this paper, therefore, patients with HICH were
treated with minimally invasive NES and SBWC
microsurgery, respectively, and the clinical efficacy
was compared between the two operation meth-
ods, so as to provide references for the selection of
operation methods.

In minimally invasive NES group, the bleeding
point could be closely observed by the neuroendo-
scope lens as needed after the hematoma was re-
moved during operation. Under the neuroendo-
scope, the surgical field could be clearly observed
without dead angles, and the hidden bleeding points
in the blind zone under the microscope could be
found easily (they were mostly lenticulostriate ar-
tery small branch bleeding and venous oozing of he-
matoma cavity wall). The bleeding was stopped ef-
fectively by bipolar electrocoagulation or hemostat-

ic materials. Hemostasis was successful in 86 cases
and failed in 4 cases, and the hemostatic effect of
the latter was satisfactory after prolonging the time
of wound compression and spraying biomedical fi-
brin glue. In SBWC microsurgery group, it was easi-
er to aspirate the hematoma in the surgical channel,
but it became difficult to observe directly after the
hematoma left the channel for a certain distance, so
it was needed to continuously adjust the traction
angle of the brain retractor and the light projection
direction of the microscope and explore in all direc-
tions. Moreover, the lenticulostriate artery branch
bleeding in the surgical channel could also be easily
found and handled, but there were certain blind
zones in the observation of hematoma cavity wall
bleeding, easily restricted by the viewing angle. In
contrast, the angle of neuroendoscope could be ad-
justed at any time for close observation. In this
study, bleeding was successfully stopped in 70 cases
in SBWC microsurgery group. In the remaining 14
cases, the brain tissues were pulled, the microscope
angle was adjusted, electrocoagulation was con-
ducted repeatedly, and the wound was compressed
by hemostatic materials and covered with biomedi-
cal fibrin glue, which was very time-consuming. In
some areas with insufficient light projection of the
microscope, it was hard to accurately identify the
bleeding point, and the hemostatic effect was ac-
ceptable. To sum up, the bleeding points can be di-
rectly observed in minimally invasive NES, so that
the repeated cauterization under poor visibility is
avoided in the suspicious area, which can reduce
surgical damage and intraoperative blood loss, with
relatively simple hemostasis.

SBWC microsurgery can achieve hemostasis un-
der a clear field while removing intracerebral hema-
toma under the microscope, reducing the risk of
rebleeding. After most of the hematomas are re-
moved, however, the brightness of the light source
of microscope will gradually decline with the exten-
sion of the surgical channel, and there are still blind
zones under the microscope even after the light
projection angle of the microscope is altered. As a
result, it is necessary to pull the brain tissues to re-
move the hematoma in blind zones, making it diffi-
cult to minimize the damage to normal brain tis-
sues. SBWC microsurgery has a higher require-
ment for micromanipulation, with an emphasis on
non-invasive or at least minimally invasive separa-
tion of the lateral fissure cistern. The lateral fissure
cistern and its arachnoid can be classified into 4
types. It is relatively easy to dissect and separate the
first and second types, but it is fairly difficult to
separate the third type, and the fourth type belongs
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to the arachnoid adhesions after meningitis, which
can hardly be separated [14]. In such a case, it is
time-consuming and inefficient to separate the
arachnoid, the risk of damage to the lateral fissure
vessels and adjacent brain tissues is extremely high,
and cerebral vasospasm occurs easily, thus worsen-
ing neurological impairment.

During the evacuation of hematoma, NES is
characterized by sufficient illumination and field of
view, and it can accurately distinguish the bound-
ary between hematoma and surrounding brain tis-
sues, completely eliminate the hematoma and real-
ize sufficient decompression. In particular, the he-
matoma cavity in the deep can be observed in NES,
and the hematoma in the dead angle under the mi-
croscope can also be fully displayed and removed
under direct vision. Moreover, intraoperative active
bleeding and micro bleeding can be closely ob-
served under the neuroendoscope, which has high
imaging quality, high definition and a wide obser-
vation angle, greatly reducing the secondary dam-
age to the important nerve tissues around the he-
matoma during the evacuation of hematoma. Be-
sides, the bleeding can be fully stopped under di-
rect vision, reducing the rebleeding rate after oper-
ation. Nishihara et al [15] reported that the average
clearance rate was as high as 96% in the emergency
treatment of intracranial and intraventricular he-
matomas with transparent catheter sheath.

Conclusions

In conclusion, NES has the following advantages
over SBWC microsurgery in the treatment of
HBGH: a) It has mild invasion into brain tissues,
and no continuous brain retraction; b) The surgical
channel can be observed closely at all corners, and
the surgical field is clear; ¢) It has short operation
time, small intraoperative blood loss, and reliable
hemostasis. With the continuous development of
neuroendoscopic equipment and techniques, the
continuous improvement in surgical skills of sur-
geons, and the accumulation of cases, minimally
invasive NES is expected to become an important
surgical treatment method for HBGH.
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Aplicacion de la neurocirugia endoscdpica en el tratamiento de las hemorragias hipertensivas en los
ganglios basales

Introduccidn. La relevancia de la neurocirugia endoscépica en el tratamiento de las hemorragias hipertensivas de los
ganglios basales no se conoce en buena medida.

Objetivo. Comparar la eficacia clinica de la neurocirugia endoscdpica minimamente invasiva con la de la microcirugia con
craneotomia de ventana pequefia (SBWC) en el tratamiento de las hemorragias hipertensivas de los ganglios basales.

Pacientes y métodos. Andlisis retrospectivo de los datos clinicos de 174 pacientes con hemorragia hipertensiva de los
ganglios basales tratados en nuestro hospital desde enero de 2018 hasta septiembre de 2020. Los pacientes se dividieron
en dos grupos: uno sometido a neurocirugia endoscépica minimamente invasiva (n = 90) y otro a microcirugia con SBWC
(n = 84). Se compararon la duracién de la operacidn, la tasa de eliminacidn del hematoma, la recidiva hemorragica y el
prondstico.

Resultados. En el grupo sometido a la endoscopia minimamente invasiva, tanto la duracién de la intervencién como el
tiempo de hemostasia fueron significativamente mas breves, y la pérdida de sangre durante la intervencion fue significa-
tivamente menor que en el grupo de microcirugia con SBWC (p < 0,001). La puntuacién preoperatoria de la escala de
coma de Glasgow (GCS) era de 8,64 + 1,04 puntos en el grupo de la endoscopia y de 8,68 + 1,02 puntos en el de la micro-
cirugia (p > 0,05). A las 24 horas de la intervencién, la puntuacion de la GCS en los sometidos a la neuroendoscopia au-
mento hasta 12,89 + 1,56, con una diferencia significativa respecto al grupo de la microcirugia, que presentaba 11,18 +
1,14 puntos (p < 0,001). El volumen del edema cerebral fue de 11,82 + 3,25 mL en el grupo de la neuroendoscopia mini-
mamente invasiva y de 18,89 + 3,15 mL en el de la microcirugia (p < 0,001). En comparacidn con el grupo sometido a esta
Ultima, en el grupo de la endoscopia, la eliminacién del hematoma fue mas extensa y el prondstico resulté mds favorable.

Conclusiones. La neurocirugia endoscépica minimamente invasiva se mostré mas eficaz que la microcirugia con SBWC en
el tratamiento de las hemorragias hipertensivas de los ganglios basales.

Palabras clave. Cirugia minimamente invasiva. Craneotomia. Hemorragia hipertensiva de los ganglios basales. Microciru-
gia. Neurocirugia endoscépica. Ventana ésea pequeia.
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