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Quick Response Code: INTRODUCTION

Resections for basal ganglia tumors are challenging because the lesions are deeply located, 
and many perforating arteries traverse through this area. Thus, the prognosis of basal ganglia 
glioblastoma (GBM) is poor,[2,6] with a total resection rate of 50%.[2] Recent studies reported 
a resectability map of basal ganglia lesions, which suggested that they are partly resectable.[13] 
Further, in approximately 50% of cases, deeply located GBM can undergo gross total resection.[2]

GBM frequently presents as a hypervascular tumor and is located in the basal ganglia and supplied 
by perforating arteries from the anterior cerebral artery (ACA), middle cerebral artery (MCA), 
and posterior cerebral artery (PCA).[17] It is important to dissect and coagulate feeding arteries 
at the beginning of the surgery to minimize intraoperative bleeding during surgical resections.[12] 
However, it is sometimes difficult to achieve this since feeding arteries can be located deep into 

ABSTRACT
Background: Due to the presence of many perforating arteries and the deep location of basal ganglia tumors, 
dissection of the perforating arteries is critical during tumor resection. However, this is challenging as these 
arteries are deeply embedded in the cerebrum. Surgeons need to bend their heads for a long time using operative 
microscope and it is uncomfortable for the operating surgeon. A high-definition (4K-HD) 3D exoscope system 
can significantly improve the surgeon’s posture during resection and widen the operating view field considerably 
by adjusting the camera angle.

Methods: We report two cases of glioblastoma (GBM) involving basal ganglia. We used a 4K-HD 3D exoscope 
system for resecting the tumor and analyzed the intraoperative visualization of the operative fields.

Results: We could approach the deeply located feeding arteries before successfully resecting the tumor using a 
4K-HD 3D exoscope system which would have been difficult with the sole use of an operative microscope. The 
postoperative recoveries were uneventful in both cases. However, postoperative magnetic resonance imaging 
showed infarction around the caudate head and corona radiata in one of the cases.

Conclusion: This study has highlighted using a 4K-HD 3D exoscope system in dissecting GBM involving basal 
ganglia. Although postoperative infarction is a risk, we could successfully visualize and dissect the tumors with 
minimal neurological deficits.
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the cerebrum, such as within the basal ganglia. Moreover, 
basal ganglia tumors sometimes extend into the lateral 
ventricle.[15,20] Therefore, while resecting such a tumor in the 
basal ganglia using a conventional operative microscope, the 
surgeon is forced to operate in head-down position, which is 
uncomfortable On the other hand, surgeons do not need to 
bend their heads for a long time using exoscope. Studies have 
shown that a recently introduced high-definition (4K-HD) 
3D exoscope system, ORBEYE (Olympus, Tokyo, Japan), 
can help dissect such deep-seated tumors by significantly 
improving the surgeon’s posture[8-10,14] and widening the 
operative view field by adjusting the camera angle.[9,11]

In this report, we discuss two cases of GBM located in the 
basal ganglia, which was successfully resected by approaching 
the deeply located feeding arteries using a recently developed 
4K-3D exoscope system, ORBEYE.

CASE ILLUSTRATION

Case 1

Clinical background

A 74-year-old previously independent woman presented to 
our neurosurgical department with difficulty walking, right-
sided mild hemiparesis, and cognitive impairment. Her right 
side manual muscle test (MMT) was 4, and she was slightly 
disorientated, although she is almost independent. She did 
not show any other neurological deficits. Magnetic resonance 
imaging (MRI) showed both left-sided basal ganglia and 
parietal tumors. The basal ganglia tumor was heterogeneously 
enhanced using gadolinium (Gd) with peripheral edema 
by fluid-attenuated inversion recovery imaging. This tumor 
extended upward toward the left lateral ventricle and presented 
with hydrocephalus. Further, malignant glioma was suspected 
as it was surrounded by severe peritumoral edema. Moreover, 
the left parietal tumor suggested meningioma because it 
showed the dural tail sign. Thus, we planned resection of the 
basal ganglia tumor [Figures  1a-e] after digital subtraction 
angiography, which confirmed that it was supplied by 
perforating arteries from the ACA and MCA [Figure 1f].

Operative procedure

Two different approaches can be used for resecting this 
tumor, that is, the transsylvian approach and transcortical 
approach. Using the transsylvian approach, we can visualize 
and coagulate feeding arteries from the MCA and ACA 
before resecting the tumor. However, using the transcortical 
approach, we can visualize them during the later stage of 
the operation. Although the tumor extended toward the 
left lateral ventricle, we thought that we could visualize the 
intraventricular tumor using ORBEYE; therefore, we chose 
the transsylvian approach for resecting the tumor.

We performed left ventricular drainage into the left lateral 
ventricle, followed by left frontotemporal craniotomy 
[Figure  2]. We dissected the sylvian fissure and visualized 
the MCA, internal carotid artery, ACA, and optic nerve. 
We identified the ACA perforating arteries supplied to the 
tumor, including the recurrent artery of Heubner [Figure 3a]. 
Angiographical findings suggest that ACA perforating 
arteries, including the recurrent artery of Heubner, supplied 
exclusively to the tumor; thus, we considered that no new 
neurological deficit would occur when dissecting these 
arteries. Hence, we dissected and coagulated these feeding 
arteries [Figure  3b]. This was followed by dissection of 
the medial frontal lobe and removal of the tumor, which 
was not extensively hemorrhagic after coagulation of the 
feeding arteries. Although the margins between the tumor 
and cerebrum were unclear, the upper margin of the tumor, 
which was located in the lateral ventricle, was visualized and 
safely resected using ORBEYE [Figures  3c and d]. 5-amino 
levulinic acid (5-ALA) was also used to visualize and resect 
the tumor.

Postoperative course

The postoperative recovery was uneventful, and the patient 
was discharged home with a Karnofsky Performance Status 
(KPS) score of 90. Her postoperative MRI showed no 
enhanced lesions [Figures 4a-d]. However, diffusion-weighted 
images showed infarction around the caudate head and 
corona radiata [Figure  4e]. Histopathological examination 
revealed GBM of the isocitrate dehydrogenase (IDH) wild 
type, following which she underwent radiotherapy (60 Gy/30 
Fr) and treatment using temozolomide.

Case 2

Clinical background

A 50-year-old previously independent man presented to our 
neurosurgical department with memory loss and headache. 
His right side MMT was 5, and he had slight memory 
loss, although he is independent. His Mini-Mental State 
Examination score was 28. MRI showed a left temporal 
lobe tumor extending into the basal ganglia. The tumor was 
heterogeneously enhanced using Gd with cyst formation. 
The tumor extended toward the external capsule. GBM 
was suspected as it was surrounded by severe peritumoral 
edema. We planned resection of the tumor with the lateral 
leticulostriate artery (LSA) compressed medial to the tumor 
[Figures 5a-c].

Operative procedure

We performed left frontotemporal craniotomy and 
corticotomy in the middle temporal gyrus. We aspirated 
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the cyst and dissected the lateral part of the tumor in the 
temporal lobe. This was followed by the dissection of the 
medial part of the tumor and visualization in the basal 
ganglia. Although the margins between the tumor and 
cerebrum were unclear, the anteromedial margin of the 
tumor, which was located in the basal ganglia, was visualized 
and safely resected using ORBEYE and 5-ALA [Figures  6a 
and b]. The tumor was not extensively hemorrhagic; 
however, we needed to be careful not to damage the LSA 
located medially.

Postoperative course

The postoperative recovery was uneventful, and the 
patient was discharged home with a KPS score of 90. His 

postoperative MRI showed that most of the enhanced 
tumor was removed without any infarction of LSA-perfused 
area, but a slight residual tumor was present [Figures 7a-c]. 
Histopathological examination revealed GBM of the IDH 
wild type, following which he underwent radiotherapy 
(60 Gy/30 Fr) and treatment with temozolomide.

Figure 2: Patient’s position during surgery. The patients are placed 
in the supine position with the head facing 30° to the right, and the 
left ventricular drainage is inserted from the left frontal lobe.

Figure 3: Intraoperative images of the Case 1 patient. (a) shows the 
A1 perforator that supplied the tumor, (b) demonstrates coagulation 
of the recurrent artery of Heubner to manage the hemorrhagic 
tumor, (c) demonstrates the lateral ventricle visualized by adjusting 
the camera angle, and (d) represents the final view of the operative 
field. ICA: Internal carotid artery, Lt.ON: Left optive nerve, 
ACA: Anterior cerebral artery, Tm: Tumor, LV: Lateral ventricle, 
MCA: Middle cerebral artery.
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Figure  1: Preoperative magnetic resonance imaging (MRI) scans of the Case1  patient. (a-c) show 
gadolinium-enhanced MRI images, (d and e) show fluid-attenuated inversion recovery images, while 
(f) shows left internal carotid artery angiography.
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DISCUSSION

The outcomes of our case are consistent with the results of 
previous studies suggesting that the basal ganglia lesions are 
deep-seated and that the basal ganglia are not a common 
location of GBM; thus, resections of basal ganglia tumors 
are not extensively reported because their resections are 
challenging.[3,5] Moreover, many perforating arteries arising 
from the ACA, MCA, and PCA traverse through this area 
and can cause postoperative infarctions.[4,17] However, little 
is known regarding whether these perforating arteries can 
be sacrificed to resect basal ganglia tumors. In the first 
case, we achieved complete resection of the basal ganglia 

Figure 4: Postoperative magnetic resonance imaging (MRI) scans of the Case 1 patient. (a-c) represent 
gadolinium-enhanced MRI, which shows complete resection of the enhanced tumor, (d) shows the 
fluid-attenuated inversion recovery image, and (e) represents the diffusion-weighted imaging image.
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Figure 5: Preoperative magnetic resonance imaging (MRI) scans of the Case 2 patient. (a and b) show 
gadolinium-enhanced MRI images, (c) shows fluid-attenuated inversion recovery image.

cba

Figure 6: Intraoperative images of the Case 2 patient. (a) demonstrates 
the basal ganglia lesions visualized by adjusting the camera angle, 
and (b) represents the intraoperative view of 5-amino levulinic acid, 
which could visualize the residual tumor within the basal ganglia.
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GBM without worsening neurological signs. However, 
postoperative MRI showed infarction at the sites of supply of 
the perforating arteries.

Furthermore, the newly developed exoscope system, 
ORBEYE, also contributed to the resections of the basal 
ganglia tumors. In the first case, the tumor extended upward 
into the lateral ventricle, necessitating a combination of the 
transsylvian and transcortical transventricular approaches 
using an operative microscope. However, we could visualize 
the intraventricular tumor by adjusting the ORBEYE camera 
angle, which was otherwise difficult using the conventional 
microscope.[21] This is because the surgeon’s position and 
camera angle during surgery are restricted while viewing 
through the operative microscopic lens. In the second case, 
the temporal tumor extended toward the basal ganglia. We 
could visualize the tumor extending toward the basal ganglia 
by adjusting the ORBEYE camera angle.

The recently introduced 4K-HD 3D exoscope system, 
ORBEYE, can offer more favorable ergonomics, optics, and 
maneuverability than the operative microscope. The previous 
studies compared the utility of the ORBEYE exoscope system 
with that of the operative microscope.[9,16,18,19] They reported 
that ORBEYE is ergonomically more favorable than the 
operative microscope and allows the surgeon to perform the 
surgery in a more neutral position.[1,7,9,19]

In addition, learning curve of using exoscope system 
is also reported. The previous studies reported that 
exoscopes have a shorter learning curve than the operative 
microscope.[16,19] However, the surgeons need to get used to 
wearing 3D glasses because eye strain from wearing the 3D 
glasses was reported.[1]

Thus, ORBEYE may enable neurosurgical procedures 
that were previously difficult for the surgeon, including 
procedures such as basal ganglia tumor resections, gravity-
assisted brain retraction surgeries for midline brain tumors,[9] 
and keyhole surgeries.[11]

CONCLUSION

Resecting deeply seated GBM involving basal ganglia using 
a 4K-HD 3D exoscope system are feasible and 4K-HD 
3D exoscope system can provide improved visualization 
to the surgeon. Although deeply seated GBM have many 
perforating arteries and postoperative infarction is a risk, we 
could successfully visualize and dissect deeply seated GBM 
with minimal neurological deficits by 4K-HD 3D exoscope 
system.
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