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Abstract
BACKGROUND
Neuroendoscopy is a very useful technique to Chronic Subdural Hematoma(CSH). But

how to achieve the goal of treatment more minimally invasive ?

AIM
To develop a simple, fast and accurate preoperative planning method in our way

for endoscopic surgery of patients with Chronic Subdural Hematoma(CSH).

METHODS

From June 2018 to May 2020, forty-two patients with CSH, admitted to our hospital,
were performed endoscopic minimally invasive surgery; CT imaging was employed to
locate the intracerebral hematoma and select the appropriate endoscopic approach

before the endoscopic surgery. The clinical data and treatment efficacy were analyzed.

RESULTS




According to the learning of CT scanning images, the surgeon can accurately design the
best minimally invasive neuroendoscopic surgical approach and realize the precise
positioning and design of the drilling site of the skull and the size of the bone window,
so as to provide the most effective operation space with the smallest bone window. In
this group, the average operation time was only about 1 h, and the clearance rate of

hematoma was about 95%.

CONCLUSION

Patients with Chronic Subdural Hematoma(CSH) can achieve good therapeutic effect
by using our way to positioning and design to assist the operation of Chronic Subdural
Hematoma(CSH) according to CT scan and image, and our way is very useful and

necessary.
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Core Tip: Via minimally invasive neuroendoscopic surgery, one can use smaller
surgical incisions and bone windows to achieve effective removal of intracranial
hematoma, minimal trauma to brain tissue, and effective reduction of recurrence rate.
However, due to variations in hematoma site, shape, size and degree of clots, the
location of bone hole and approaches for minimally invasive endoscopy are also
different for each patient. How to accurately locate the intracerebral hematoma in ¢<SDH
patients before surgery and design an individualized approach for minimally invasive
endoscopy is one of the keys to success. To better treat ¢<SDH patients using minimally

invasive neuroendoscopy, we use CT scanning to locate ¢<SDH and select the best




endoscopic micro-mirror approach before performing minimally invasive

neuroendoscopic surgery and analyzed the clinical data and treatment efficacy.

INTRODUCTION

Chronic subdural hematoma (cSDH) is one of the common diseases in neurosurgery,
but its pathogenesis is still not fully understood ??. ¢SDH can be caused by many
convenient factors and presented with different manifestations and symptoms.
Although many methods including drilling drainage, burr hole surgery and craniotomy
have been used to treat <SDH *°%, for patients with muscularized and separated
hematoma, their treatment efficacy is poor, and the operation risk and recurrence rate
are high 678, With the development of microinvasive neurosurgical techniques and
neuroendoscopy, ¢SDH evacuation with minimally invasive lﬁuroendoscopy has
become an important means of surgical treatment. Via minimally invasive
neuroendoscopic surgery, one can use smaller surgical incisions and bone windows to
achieve effective removal of intracranial hematoma, minimal trauma to brain tissue,
and effective reduction of recurrence rate.!2 However, due to variations in hematoma
site, shape, size and degree of clots, the location of bone hole and approaches for
minimally invasive endoscopy are also different for each patient. How to accurately
locate the intracerebral hematoma in ¢SDH patients before surgery and design an
individualized approach for minimally invasive endoscopy is one of the keys to
success.In clinical work, we need to find a simple and reliable way to design surgical
incision and bone window, so as to more easily achieve minimally invasive surgery,
which is very necessary.! To better treat ¢SDH patients using minimally invasive
neuroendoscopy, surgeons in our Department, treated 42 c<SDH patients from June 2018
to May 2020 using CT scanning to locate cSDH and select the best endoscopic micro-
mirror approach before performing minimally invasive neuroendoscopic surgery and

analyzed the clinical data and treatment efficacy. The summary is as follows.

MATERIALS AND METHODS




1. Clinical information

A total of 42 ¢SDH patients (26 males and 16 females) at age of 34-76 years old with
average of 55.3 years old were enrolled in the study. The amount of hematoma in these
patients was calculated according to the Tada formula. The average amount of blood
loss was 64.3115.2 ml. The Glasgow Coma (GCS) score at admission was 13-15 points
for 29 patients and 9-12 points for 13 patients.

2. CT scan and image reconstruction methods for cSDH patients

Based on the emergency CT results of ¢<SDH patients at admission, the location, shape
and the thickest part of the intracranial hematoma were estimated to initially design the
possible approach of minimally invasive endoscopic surgery. The approach was used as
the alternative bone window site for the minimally invasive surgery. Before operation, a
64-slice spiral CT scanner was used to perform the conventional head CT scan with the
scan line parallel to the orbitomeatal line and the scan range from the base to the top of
the skull.

3. Minimally invasive neuroendoscopic surgery positioning and techniques

After the preoperative CT scan(figure 1 C), the thickest point of the hematoma was
selected as the approximate location of the skull bone window for minimally invasive
endoscopic surgery.(figure 1 A) On the thickest layer of the hematoma cavity in the CT
image, make a straight line perpendicular to brain surface, which cross the skull at
point A at the inner side and point B at the outer side. At the edge of the hematoma at
the layer, find points C and D with distance to A and B equal to the thickness of the
hematoma, respectively. Connect and extend CA and DA, which intersect at points E
and F with the surface of the skull, respectively.(figure 1 A,B) The length and distance
of EF were the optimal size and range of the bone window.(figurel B,D) Similarly, the
range of bone windows could also be found in the coronal position, so that a complete
bone window can be formed.

The operation was performed using a rigid Storz neuroendoscope with zero viewing
angle along with special TV monitoring and video recording system, conventional

endoscopic special surgical instruments and deep microsurgery instruments. In detail,




1) place special locating marker on the surface of the scalp according to the range of
bone window obtained previously, 2) determine the position of the scalp incision, 3) cut
the scalp skin as needed and keep it open using an opener, 4) drill a hole on the skull,
and mill out the bone window using a milling cutter, 5) radially cut the dura mater with
a sharp knife, 6) remove the hematoma and mechanized tissues using a attractor under
the guide of the endoscope, 7) coagulate the separating tissue using a bipolar
electrocoagulation followed by suction, and if necessary, cut apart the separating tissue
using scissors, 8) once confirmed the surrounding area was cleaned under the direct
vision of the endoscope, coagulate the local active bleeding points using a bipolar
electrocoagulation method or special endoscopic bipolar coagulation, 9) rinse the
hematoma cavity repeatedly to make sure no further bleeding. At the end of the
operation, place the drainage tube in the hematoma cavity under the direct view of the
neuroendoscope, and 10) at last, suture the dura mater, return the bone flap and suture

the skin.

RESULTS

CT positioning and surgical planning methods can quickly and effectively determine
the scope of surgical incisions and bone windows, effectively providing a surgical
operation window for neuroendoscopic surgery. Figure 1 shows the design of bone
window before head CT surgery for a female with ¢<SDH. Figure 2 shows the results of
surgical incision and intraoperative findings before and after minimally invasive
surgery for this patient.

According to the surgical approach design, the surgeon can accurately design the
optimal approach for minimally invasive endoscopic surgery, therefore achieving
accurate positioning of the skull drilling site and accurate determination of the bone
window size, and reducing the time for surgical preparation, anesthesia and operation.
In this study, the average operation time was only about 1 h and the hematoma

clearance rate was about 95%.




DISCUSSION

c¢SDH is one of the most common diseases in neurosurgery, with a prevalence rate of
8.2-13.1/100,000%1°, accounting for about 10% of various intracranial hematomas. The
disease is caused by many factors and can be treated using multiple methods including
drilling drainage, cone craniotomy, and craniotomy hematoma removal. Among all
¢SDH patients, 25% have subdural hematoma and 14% bilateral hematoma. Studies
have shown that head trauma is the main reason for the formation of ¢SDH, and is
related to brain atrophy, low intracranial pressure and increased venous tension 6.11.

With the development of minimally invasive neuroendoscopic techniques and
surgical instruments, cSDH can be visually and rapidly cleared via small bone hole and
scalp incision through minimally invasive neuroendoscopic surgery.? As a minimally
invasive, visual and rapid surgical treatment for direct removal of hematoma and
capsule for cSDH patients, minimally invasive neuroendoscopic surgery has become an
important alternative for surgical treatment of cSDH. Especially for those with
muscularized and separated hematoma, it has advantage to avoid craniotomy of large
bone flap®.

Because the location, shape and size of intracranial hematoma in ¢<SDH patients are
different, it is necessary to design a personalized minimally invasive surgery for each
¢SDH patient. Designing a personalized minimally invasive surgical procedure is one of
the key factors affecting the success of minimally invasive neuroendoscopic treatment
of ¢<SDH. At present, very few studies have investigated the design of minimally
invasive neuroendoscopy for cSDH.17 In traditional neurosurgery for cSDH, surgeons
mainly determine the approximate location of ¢cSDH and its surrounding structures
based on the results of conventional CT scans, as well as physicians’ anatomic
knowledge and experiences, thus selecting the point of drilling drainage or the incision
of the craniotomy.3 However, the position of the drilling drainage is required to be
lower, and the traumatic lesions of craniotomy are large, while neuroendoscopy is
required to be performed under the smallest minimally invasive incision to achieve the

purpose of adequate surgical operation. Under the minimally invasive incision,




sufficient surgical operation is achieved.® Therefore, in actual surgery, in order to avoid
deviations in positioning, it is often necessary to make a relatively large scalp incision
and bone window. Due to its large error, the traditional method often fails to meet the
practical needs of precise positioning c¢SDH under a minimally invasive
neuroendoscope.® With the development of imaging technology, stereotactic technology
and neuron navigation system have become important means of neurosurgical
positioning. However, stereotactic hematoma positioning needs a long time for surgery
preparation. Although the neuron navigation system is a commonly used surgical
positioning method in neurosurgery, it also needs many steps such as installing
navigation and positioning frames, navigation registration and other steps before the
operation, which also needs longer time for preparation'>3. In addition, stereotactic
and neuron navigation techniques are only used to guide specific locations. For any
incision and operational positioning, there is still need to design an adequate approach.
Therefore, finding an accurate, reliable, intuitive, simple, fast, and inexpensive
positioning method has become an important topic for minimally invasive
neuroendoscopy for cSDH.

In order to explore a surgical positioning method for applying minimally invasive
neuroendoscopy for cSDH, we firstly estimated the location and shape and its thickest
part to the inner plate of the skull of cSDH based on the results of emergency CT. We
then selected the CT at the thickest layer of the hematoma cavity to make a straight line
perpendicular to the brain surface at the thickest part, which cross the skull at point A
at the inner side and point B at the outer side. At the edge of the hematoma at the layer,
the points C and D with distance to A and B equal to the thickness of the hematoma can
be found, respectively. We then connected and extended CA and DA, which intersected
at points E and F with the surface of the skull, respectively. The length and distance of
EF were the optimal size and range of the bone window. In this study, we applied this
technique for 42 ¢SDH patients and successfully completed the operation. The average
operation time was only about 1 h, and the hematoma clearance rate was about 95%.

Therefore, the positioning technology used in this study is simple and requires no




stereotactic system, navigation system, no need to install a positioning head frame or a
positioning frame before surgery. Over all, the technique needs shorter time for surgical
preparation and anesthesia, and is less expensive, more flexible and more efficient,
which not only saves the cost of hospitals and departments, but also reduces the
medical expenses and economic burden of the patients.

Minimally invasive neuroendoscopy for ¢<SDH as a minimally invasive surgery with
high-efficiency, rapidness, reliable hemostasis and less bleeding in combination with CT
imaging positioning will further improve the treatment efficacy and efficiency for
¢SDH. With the continuous improvement of neuroendoscopy and imaging technology,
minimally invasive neuroendoscopy for ¢cSDH will be more complete, accurate and

popular.

CONCLUSION

Patients with Chronic Subdural Hematoma(CSH) can achieve good therapeutic effect
by using our way to positioning and design to assist the operation of Chronic Subdural
Hematoma(CSH) according to CT scan and image, and our way is very useful and

necessary.

ARTICLE HIGHLIGHTS

Research background
This technology can be further promoted and applied in clinical practice, which will
certainly achieve better clinical therapeutic effect, improve the curative effect of surgery,

and be more minimally invasive and reasonable.

Research motivation

Patients with Chronic Subdural Hematoma(CSH) can achieve good therapeutic effect
by using our way to positioning and design to assist the operation of Chronic Subdural
Hematoma(CSH) according to CT scan and image, and our way is very useful and

necessary.




Research objectives
We designed a new surgical incision method of neuroendoscopy under CT imaging
technology for chronic subdural hematoma, and achieved satisfactory therapeutic effect

through the application of the above methods.

Research methods
A minimally invasive surgical incision design suitable for chronic subdural hematoma
under neuroendoscopy was designed by using neuroendoscopy technology, combined

with the study of CT and other imaging technologies.

Research results
To study more convenient methods of surgical incision and bone window size for the
treatment of chronic subdural hematoma under neuroendoscopy, so as to make the

operation more minimally invasive.

Research conclusions
The bone window for the treatment of chronic subdural hematoma under
neuroendoscopy needs to vary from person to person; otherwise, the bone window may

be too large or too small during the operation, which may affect the operation.

Research perspectives
Neuroendoscopy is a very useful technique to Chronic Subdural Hematoma(CSH). But
how to achieve the goal of treatment more minimally invasive? How can incisions be

designed and positioned to be more minimally invasive?
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