
Surgical Neurology International • 2021 • 12(339)  |  1

is is an open-access article distributed under the terms of the Creative Commons Attribution-Non Commercial-Share Alike 4.0 License, which allows others 
to remix, tweak, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.
©2021 Published by Scientific Scholar on behalf of Surgical Neurology International

Original Article

Utility of a novel exoscope, ORBEYE, in gravity-assisted 
brain retraction surgery for midline lesions of the brain
Noriyuki Kijima, Manabu Kinoshita, Masatoshi Takagaki, Haruhiko Kishima
Department of Neurosurgery, Osaka University Graduate School of Medicine, Osaka, Japan.

E-mail: Noriyuki Kijima - n-kijima@nsurg.med.osaka-u.ac.jp; Manabu Kinoshita - mail@manabukinoshita.com; Masatoshi Takagaki - m-takagaki@nsurg.
med.osaka-u.ac.jp; Haruhiko Kishima - hkishima@nsurg.med.osaka-u.ac.jp

 *Corresponding author: 
Manabu Kinoshita, 
Department of Neurosurgery, 
Osaka University Graduate 
School of Medicine, Osaka, 
Asahikawa Medical University, 
Midorigaoka-higashi 2-1-1-1, 
Asahikawa, Hokkaido 078-8510 
Japan.

mail@manabukinoshita.com

Received	 :	 27 March 2021 
Accepted	 :	 12 June 2021 
Published	:	 06 July 2021

DOI 
10.25259/SNI_320_2021

Quick Response Code: INTRODUCTION

Midline brain lesions, such as falx meningioma, arteriovenous malformations, and cavernous 
malformations, are usually approached from the ipsilateral interhemispheric fissure, and patients are 
positioned laterally with the ipsilateral side up. However, some studies have reported the usefulness 
of gravity-assisted brain retraction surgery. Thereby, patients are placed laterally with their ipsilateral 
side down and the lesions are approached through the ipsilateral side; alternatively, patients 
are positioned laterally with their ipsilateral side up and the lesions are approached through a 
contralateral interhemispheric fissure (contralateral transfalcine approach).[5,6,14] Thus, there remains 

ABSTRACT
Background: Midline brain lesions, such as falx meningioma, arteriovenous malformations, and cavernous 
malformations, are usually approached from the ipsilateral interhemispheric fissure. To this end, patients are 
positioned laterally with the ipsilateral side up. However, some studies have reported the usefulness of gravity-
assisted brain retraction surgery, in which patients are placed laterally with the ipsilateral side down or up, 
enabling surgeons to approach the lesions through the ipsilateral side or through a contralateral interhemispheric 
fissure, respectively. This surgery requires less brain retraction. However, when using an operative microscope, 
performing this surgery requires the surgeon to operate in an awkward position. A  recently developed high-
definition (4K-HD) 3-D exoscope system, ORBEYE, can improve the surgeon’s posture while performing gravity-
assisted brain retraction surgery.

Methods: We report five cases with midline brain tumors managed by resectioning with gravity-assisted brain 
retraction surgery using ORBEYE. We also performed an ergonomic analysis of gravity-assisted brain retraction 
surgery with a craniotomy model and a neuronavigation system.

Results: Gravity-assisted brain retraction surgery to the midline brain tumors was successfully performed for all 
five patients, using ORBEYE, without any postoperative neurological deficit.

Conclusion: Gravity-assisted brain retraction surgery to the midline brain lesions using ORBEYE is feasible, 
and ORBEYE is ergonomically more favorable than a microscope. ORBEYE has the potential to generalize 
neurosurgical approaches considered difficult due to the surgeon’s awkward position, such as gravity-assisted 
brain retraction surgery.
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Figure  1: Patient’s position for gravity-assisted brain retraction 
surgery. For the ipsilateral approach, the patients are placed in a 
lateral position with the tumor side facing downward at 40° vertex 
up. For the contralateral transfalcine approach, the patients are 
placed in a lateral position with the tumor side facing upward at 40° 
vertex up position.
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a certain degree of controversy about the optimal side of the 
approach and patient position for the resection of midline brain 
lesions. The distance to the target is shorter with the ipsilateral 
interhemispheric approach. The ipsilateral approach is more 
widely used than the contralateral transfalcine approach. 
A  disadvantage of the ipsilateral approach is that when the 
ipsilateral brain tissue has cerebral edema, this approach can 
damage the brain due to intraoperative brain retraction.

Conversely, with gravity-assisted brain retraction surgery, less 
intraoperative brain retraction is required because gravity 
naturally retracts the brain. In this sense, gravity-assisted 
brain retraction surgery is also advantageous. However, this 
surgery is more difficult when using an operative microscope 
because the angle of the microscope limits the operative field; 
the surgeon is required to operate from awkward angles, and 
patients’ heads need to be fixed at a 40° vertex up position to 
achieve an optimal angle. Further, the location of the tumor, 
relative to the brain surface, is quite deep.

Although the operative microscope has remarkably advanced 
neurosurgical treatment, a recently developed exoscope 
system can improve neurosurgical approaches and the 
position of the patient and the surgeon during the surgery. The 
widespread use of exoscopes in neurosurgery was previously 
limited by the lack of stereopsis with two-dimensional (2-
D) monitors. However, the features of a recently developed 
exoscope system, ORBEYE (Olympus, Tokyo, Japan), are 
different from those of traditional exoscopes and operative 
microscopes. ORBEYE combines the characteristics of 
an operative microscope and an endoscope. It has a high-
definition (4K-HD) 3-D exoscope system, which allows the 
visualization of critical structures and provides portable and 
high-definition operative experience.

This study sought to investigate the feasibility of performing 
gravity-assisted brain retraction surgery of midline brain 
lesions with the recently introduced exoscope system, 
ORBEYE.

MATERIALS AND METHODS

Patient characteristics

We performed a gravity-assisted brain retraction surgery 
to midline brain tumors in five cases after the exoscope, 
ORBEYE, was introduced at our institution in April 2019. 
Gravity-assisted brain retraction surgery from the ipsilateral 
side of the tumor was performed in two patients, and a 
contralateral transfalcine approach was conducted in three 
patients. Perioperative clinical, surgical, and radiographic 
data were retrospectively acquired. We also reviewed the 
presenting symptoms, histopathology, and perioperative 
performance status. This analysis and informed consent 
were approved by the Institutional Review Board, and all the 
patients gave informed consent.

Gravity-assisted brain retraction surgery procedure

Gravity-assisted brain retraction surgery includes both an 
ipsilateral and a contralateral approach to the lesions. An 
ipsilateral approach is indicated when the tumor is located 
almost midline and is not extended laterally. A contralateral 
transfalcine approach is indicated when the tumor is extended 
laterally and/or cerebral edema is present on the ipsilateral 
tumor side. For the ipsilateral approach, the patients are placed 
in a lateral position with the tumor side facing downward at 
40° vertex up. For the contralateral transfalcine approach, the 
patients are placed in a lateral position with the tumor side 
facing upward at 40° vertex up position [Figure 1].

We performed a hemicraniotomy on the approach side. Next, 
we dissected the interhemispheric fissure and visualized the 
tumor. We coagulated and resected the tumor with gravity-
assisted brain retraction.

Ergonomic analysis using craniotomy models and a 
neuronavigation system

We investigated the ergonomics of gravity-assisted brain 
retraction surgery of midline brain lesions with craniotomy 
models. We sought to simulate the contralateral transfalcine 
approach in a human skull craniotomy model, fabricated 
with the Form2  3-D printer (Formlabs, MA, USA). We 
pinned down the skull with a Mayfield skull clamp (Integra 
LifeSciences Corporation, Ohio, USA) at a 40° vertex up 
position to achieve an optimal angle for the contralateral 
transfalcine approach. We entered data from the MRI scan 
of “patient 1” into the BRAIN LAB Curve-Navigation system 
(Brainlab Corp., Feldkirchen, Germany). We registered the 
tumor’s lateral part as the target lesion [Figure 2a] and focused 
on the target with a navigation pointer with the microscope 
and the exoscope [Figure  2b]. We analyzed the difference 
in the ergonomics of the exoscope and the microscope by 
approaching the same target with the navigation pointer.
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RESULTS

Demographic characteristics of the five patients who 
underwent gravity-assisted brain retraction surgery.

The demographic characteristics of the five patients are 
presented in [Table 1]. The gravity-assisted brain retraction 
surgeries to midline brain tumors were successfully 
performed in all five patients with the exoscope, ORBEYE, 
without any postoperative neurological deficit. The 
postoperative MRI scans revealed that the lesions were 
removed along with the falx and displayed gross total 
resection in two patients, partial resection in two patients, 
and biopsy in one patient [Figure 3].

Cases

Patient 1

A 37-year-old woman presented with headache and slight 
numbness of the upper extremity for 1  month when she 
visited our outpatient clinic. The MRI scan revealed falx 

meningioma with peripheral edema at the medial frontal 
lobe. The maximum tumor diameter was 26 mm. Most of the 
t4mor was located on the left side of the falx. An ipsilateral 
approach to the tumor could have damaged the brain during 
retraction due to significant peripheral edema at the medial 
frontal lobe. Thus, we decided that a contralateral approach 
to the tumor was relatively safer. We chose to perform the 
contralateral transfalcine approach to the tumor using 
the ORBEYE exoscope. The patient was placed in a lateral 
position with the tumor side upward. The patient’s head was 
pinned down with an upward tilt of 40°. We performed right 
hemicraniotomy, dissected the interhemispheric fissure, 
and visualized the falx [Figure 4, patient 1]. We coagulated 
and resected the falx, approached the tumor, and resected it 
completely. A histopathological diagnosis of a WHO Grade I 
transitional meningioma was made. The postoperative 
course was uneventful, and the postoperative MRI revealed 
a small enhanced lesion, suggesting a thickened arachnoid 
membrane; thus, gross total resection was achieved [Figure 3, 
patient 1].

Patient 2

A 75-year-old woman presented with slight numbness of the 
right upper and lower extremity. The MRI scan revealed a 
falx meningioma with peripheral edema in the medial frontal 
lobe. The maximum tumor diameter was 54  mm. Most of 
the tumor was located on the left side of the falx. Similar to 
patient 1, we opted to perform the contralateral transfalcine 
approach. We performed a bilateral craniotomy crossing the 
superior sagittal sinus with the right side dominant in case 
we use the left side interhemispheric fissure. We performed 
tumor resection; however, the left side tumor, which was 
located superiorly, could not be visualized. Thus, partial 
resection was performed. A  histopathological diagnosis 
of a WHO Grade  II solitary fibrous tumor was made. The 
postoperative course was uneventful and the patient’s 
numbness gradually improved; the postoperative MRI 
revealed residual lesions [Figure 3, patient 2].

Table 1: The demographic characteristics of the five patients in this study.

Age Sex Histology Surgical 
approach

Extent of 
resection

Symptoms Pre-
operative PS

Post-
operative PS

Patient 1 37 F Transitional meningioma 
WHO Gradel

Contralateral 
transfalcine

Complete 
resection

Numbness of right 
lower extremity

1 0

Patient 2 75 F Solitary fibrous tumor 
WHO Gradel

Contralateral 
transfalcine

Partial 
resection

Right hemiparesis 2 1

Patient 3 46 F Fibrous meningioma 
WHO Gradel

Ipsilateral Complete 
resection

No 0 0

Patient 4 23 F Solitary fibrous tumor 
WHO Gradel

Ipsilateral Partial 
resection

Scintillating 
scotoma

0 0

Patient 5 58 M Diffuse large B cell 
lymphoma

Contralateral 
transfalcine

Biopsy Left hemiparesis 2 2

Figure  2: ORBEYE allows more natural physician positioning. 
(a) Image from the neuronavigation system of preoperative MRI 
scan from Patient 1. We set the target in the superolateral part of 
the tumor. Navigation pointer showing the same target with the 
microscope and exoscope (ORBEYE). (b) Ergonomic differences 
between microscope and exoscope use (ORBEYE).

ba



Figure 3: Preoperative and postoperative MRI scans from each patient. Patient 1 had a tumor with a maximum diameter of 26 mm with 
peritumoral edema present. A complete resection was made possible using a contralateral transfalcine approach. Patient 2 had a tumor 
with a maximum diameter of 54 mm with peritumoral edema. Partial resection was carried out using a contralateral transfalcine approach. 
Patient 3 had a tumor with a maximum diameter of 25 mm with peritumoral edema present. A complete resection was made possible using 
an ipsilateral approach. Patient 4 had a tumor with a maximum diameter of 25 mm. Partial resection was carried out using an ipsilateral 
approach. Patient 5 had a tumor with a maximum diameter of 30 mm. Partial resection was carried out using a contralateral approach.
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Patient 3

A 46-year-old woman was asymptomatic when she 
visited our outpatient clinic. The MRI scan revealed a falx 
meningioma in the medial parietal lobe. The maximum 
tumor diameter was 25  mm. We initially decided to keep 
the patient on observation; however, the follow-up MRI 
revealed tumor growth. Informed consent was obtained 
from the patient, and we chose to perform tumor resection. 
We opted for the ipsilateral approach to the tumor because 
the tumor mostly was located at the midline and did not 
extend laterally. The patient was placed in a lateral position 
with the tumor side downward. The patient’s head was 
pinned down with an upward tilt of 40°. We performed a 
left hemicraniotomy, dissected the interhemispheric fissure, 
and visualized the tumor. We resected the tumor completely; 
a histopathological diagnosis of a WHO Grade  I fibrous 
meningioma was formulated. The postoperative course was 
uneventful, and the postoperative MRI revealed no residual 
tumor [Figure 3, patient 3].

Patient 4

A 23-year-old woman presented with a scintillating scotoma 
for 2 months when she visited our outpatient clinic. The MRI 
scan revealed a falx meningioma in the medial parietal lobe. 
The maximum tumor diameter was 25  mm. We initially 
decided to keep the patient on observation; however, the 

follow-up MRI revealed tumor growth. Informed consent was 
obtained from the patient and we opted for tumor resection. 
We chose to perform the ipsilateral approach to the tumor 
because the tumor was mostly located at the midline and 
did not extend laterally. The patient was placed in a lateral 
position with the tumor side downward. The patient’s head 
was pinned down with an upward tilt of 40°. We performed 
a right hemicraniotomy, dissected the interhemispheric 
fissure, and visualized the tumor [Figure 4, patient 4]. Partial 
resection was performed since the tumor strictly adhered 
to the brain parenchyma. A  histopathological diagnosis of 
a WHO Grade I solitary fibrous tumor was formulated. The 
postoperative course was uneventful [Figure 3, Patient 4].

Patient 5

A 58-year-old man presented with the left hemiparesis when 
he visited our outpatient clinic. The MRI scan revealed a 
brain tumor in the right thalamus. The maximum tumor 
diameter was 30 mm. An ipsilateral approach to the tumor 
could have damaged the brain during retraction; thus, 
we opted for the contralateral transfalcine approach to 
the tumor using the ORBEYE exoscope. The patient was 
placed in a lateral position with the tumor side upward. 
The patient’s head was pinned down with an upward tilt of 
40°. We performed a left hemicraniotomy, dissected the 
interhemispheric fissure, and visualized the corpus callosum. 
We dissected the corpus callosum and approached the 
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right lateral ventricle. We visualized the right thalamus and 
approached the tumor, and performed a partial resection 
[Figure 4 patient 5]. A histopathological diagnosis of diffuse 
large B-cell lymphoma was formulated. The postoperative 
course was uneventful and the postoperative MRI revealed 
partial resection of the tumor [Figure 3, patient 5].

Ergonomic analysis during contralateral transfalcine 
approach by craniotomy model.

We assessed the ergonomic difference in performing the 
contralateral transfalcine approach with the microscope and the 
exoscope. In so doing, we sought to simulate the contralateral 
transfalcine approach in a human skull craniotomy model. As 
shown in Figure  2b, the surgeon was positioned awkwardly 
with arms stretched (140 degrees) while performing the 
microscope’s contralateral transfalcine approach. However, the 
surgeon could perform the contralateral transfalcine approach 
in a natural and neutral position with the ORBEYE exoscope. 
In addition, the surgeon did not have to stretch their arms to 
reach the surgical field (95°) [Figure  2b]. Furthermore, the 
working distance from the skull and surgeon was 141  cm 
when we used microscope while it was 110  cm when we 
used ORBEYE. This suggests that ergonomically performing 
the contralateral transfalcine approach with the ORBEYE 
exoscope is more favorable for the surgeon than performing 
the same approach with the microscope.

DISCUSSION

In this study, we reported five cases in which the gravity-
assisted brain retraction surgery was successfully performed 

using the ORBEYE exoscope. The previous studies reported 
the usefulness of the gravity-assisted brain retraction surgery 
from either the ipsilateral or the contralateral transfalcine 
approach for midline brain lesions, such as arteriovenous 
malformation,[2-4] cavernous malformation,[14] metastatic 
brain tumor,[7,8] and meningioma.[5,7,13] Gravity-assisted brain 
retraction surgery to midline supratentorial brain lesions is 
useful because the brain can be naturally retracted by gravity 
and therefore requires less intraoperative brain retraction. 
In addition, the deep lateral parts of the lesions are more 
comfortable to approach with the gravity-assisted brain 
retraction surgery compared with the ipsilateral approach, 
in which the patients are positioned laterally with the 
contralateral side up. Furthermore, there is no need to retract 
the ipsilateral brain tissue, which may be edematous due to 
the tumor’s mass effect. However, performing gravity-assisted 
brain retraction surgery using an operative microscope is 
difficult since the microscope’s angle limits the operative 
field, the surgeon may be positioned awkwardly, and patients’ 
heads need to be fixed at a 40° vertex up position to achieve 
an optimal angle.

The operating microscope has remained the gold standard 
in microneurosurgery since its introduction in this field 
in the 1960s.[12] This is due to the fact that the microscope 
offers the surgeon a clear but magnified view of the surgical 
field without the loss of fine details. However, the surgeon’s 
position during surgery is limited because the surgeon 
must visualize the operative field through the microscope 
lens. The recently developed 4K-HD 3-D exoscope system, 
ORBEYE, has different characteristics compared with the 
traditional operative microscope. The system offers more 
favorable optics, ergonomics, and maneuverability than the 
conventional operative microscope.

Previous reports demonstrated the feasibility of the ORBEYE 
exoscope system compared with that of the operative 
microscope.[7-10,12] ORBEYE is more ergonomically favorable 
than the traditional microscope and allows the surgeon to 
perform the surgery in a neutral position.[1,6,9,11] The ease 
in setting up the equipment, which is also space efficient, 
is another advantage of the ORBEYE exoscope over the 
microscope.[1,11] An equal visual experience for the surgeons 
and assistants is also a potential advantage.

We had also performed an ergonomic analysis for the 
contralateral transfalcine approach using a craniotomy 
model and a neuronavigation system. In this analysis, when 
we approached the same target within the tumor, the use of 
ORBEYE was found to be more ergonomically favorable than 
the microscope because the surgeons could sit in a neutral 
position during the procedure and were not required to 
spread their arms while operating. In addition, the working 
distance from the skull and surgeon is much shorter when we 
used ORBEYE. Using a chair with armrests while preforming 

Figure  4: Intraoperative images from representative cases. Patient 
1 underwent tumor resection using contralateral transfalcine 
approach. Falx and contralateral tumor were easily visualized by 
ORBEYE with high definition. Patient 4 underwent tumor resection 
using ipsilateral approach. Falx and tumor were easily visualized by 
ORBEYE with high definition. Patient 5 underwent tumor resection 
using contralateral approach. Falx, corpus callosum, and tumor 
cavity were easily visualized by ORBEYE with high definition.
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surgery under the microscope is another way to augment 
surgical stance; however, the shortcoming of a chair with 
armrests is that it requires more space. When using ORBEYE, 
the surgeons do not need armrests during the operation.

Thus, the use of ORBEYE has the potential to simplify 
neurosurgical approaches that were previously considered 
difficult because of the surgeon’s position, such as in the 
context of a gravity-assisted brain retraction surgery for 
midline brain tumors.

CONCLUSION

Gravity-assisted brain retraction surgeries to midline 
brain lesions using an exoscope are feasible. Exoscopic 
surgery maintains the same safety profile as that using the 
operative microscope and is ergonomically favorable for 
surgeons. Thus, it could be a gold standard for neurosurgical 
procedures, such as in the context of gravity-assisted brain 
retraction surgeries.
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