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Abstract

BACKGROUND

Resection of deep intracranial tumors requires significant brain retraction, which
frequently causes brain damage. In particular, tumor in the trigone of the lateral
ventricular presents a surgical challenge due to its inaccessible location and
intricate adjacent relationships with essential structures such as the optic radiation
(OR) fibers. New brain retraction systems have been developed to minimize
retraction-associated injury. To date, there is little evidence supporting the
superiority of any retraction system in preserving the white matter tract integrity.
This report illustrates the initial surgical excision in two patients using a new
retraction system termed the cerebral corridor creator (CCC) and demonstrates its
advantage in protecting OR fibers.

CASE SUMMARY

We report two patients with nonspecific symptoms, who had trigone ventricular
lesions that involved the neighboring OR identified on preoperative diffusion
tensor imaging (DTI). Both patients underwent successful surgical excision using
the CCC. Total tumor removal was achieved without additional neurological
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deficit. DTI showed that the OR fibers were preserved along the surgical field. Preoperative
symptoms were alleviated immediately after surgery. Clinical outcomes were improved according
to the Glasgow-Outcome-Scale and Activity-of-Daily-Living Scale assessments.

CONCLUSION

In the two cases, the CCC was a safe and useful tool for creating access to the deep trigonal area
while preserving the white matter tract integrity. The CCC is thus a promising alternative brain
retractor.

Key Words: Cerebral corridor creators; Minimally invasive technique; Brain tumor; Optic radiation; Trigone
of the lateral ventricle; Case report

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The cerebral corridor creator (CCC) is a specially designed surgical tool set containing a balloon
catheter and a transparent tubular retractor. The balloon is made of natural latex and can gently open up
the brain tissue with minimum fluctuations in intracranial pressure and creates a surgical corridor by
gradually inflating and deflating, thereby reducing damage to the incised cortical tissue and deep white
matter tracts. The transparent tubular retractor provides a clear view of the trigonal area and surrounding
brain tissue, helps maintain the corridor, protects brain tissue from surgical instrument, and avoids brain
tissue collapse during surgery. The CCC provides an innovative and minimally invasive surgical corridor
especially for small to medium and deep-seated brain lesions.

Citation: Liu XW, Lu WR, Zhang TY, Hou XS, Fa ZQ, Zhang SZ. Cerebral corridor creator for resection of trigone
ventricular tumors: Two case reports. World J Clin Cases 2022; 10(6): 1914-1921

URL: https://www.wjgnet.com/2307-8960/full/v10/i6/1914.htm

DOI: https://dx.doi.org/10.12998/wjcc.v10.i6.1914

INTRODUCTION

The trigonal area of the lateral ventricle is the predilection site of intraventricular tumors, particularly
primary meningiomas[1,2]. Due to the fluid cavity, tumors in this area are usually asymptomatic at the
early stage and are considerably large upon diagnosis[3]. To date, complete resection is recommended
for the majority of brain tumors. However, the surgical procedures can be challenging, especially for
deep brain tumors[4,5]. The lateral ventricular trigone is situated deep within the cerebral hemisphere
and is in close proximity to essential neural structures, such as the optic radiation (OR)[6]. The OR spans
from the lateral geniculate body to the calcarine cortex and forms the apical wall of the lateral
ventricular trigonal area. A common complication is postoperative visual field defect (VFD) due to OR
damage|[7]. Hence, one big challenge for the neurosurgery community is to create corridors to reach
deep-seated tumors and achieve complete tumor resection without causing VFDs.

Conventional neurosurgery operations require brain spatulas to create a corridor for exposure. The
brain spatulas are asymmetrically pressed on soft brain tissue, which frequently cause brain damage,
especially when multiple brain spatulas are used in continuous retraction[8]. Additionally, brain
spatulas may cause ischemia in local normal white matter due to contact pressure[9]. A longer retraction
time causes greater risk of white matter injury. Minimally invasive surgery has been proposed to
minimize operation-induced brain damage and is associated with lower surgical-related morbidity[10-
12].

Minimally invasive techniques, such as tubular retractor systems, are effective and safe for the
resection of deep-seated lesions and have shown satisfactory outcomes. Tubular retractors exert even
pressure to the surrounding white matter tracts rather than focused retraction pressure, thus decreasing
the likelihood of severe brain damage[10,13]. The cerebral corridor creator (CCC) (Shineyard Medical
Corp., Shenzhen, Guangdong Province, China) is a tailored tubular retractor which represents an
innovative minimally invasive method to create a surgical corridor (Figure 1). The CCC can be used for
the removal of deep-seated tumors, blood clots associated with hemorrhages, and foreign matter.
Diffusion tensor imaging (DTI) and intra-operative ultrasound enable identification of the best route to
the trigonal region with minimal damage to white matter tracts compared with conventional surgical
techniques, potentially diminishing morbidity.

We here report the successful resection of lateral ventricular trigonal tumors in two patients using the
CCC. We presented our experience of surgical techniques and peri-operative management using this
new brain retraction tool.

WJCC | https://www.wjgnet.com 1915 February 26,2022 | Volume10 | Issue6 |


https://www.wjgnet.com/2307-8960/full/v10/i6/1914.htm
https://dx.doi.org/10.12998/wjcc.v10.i6.1914

Liu XW et al. Cerebral corridor creator in brain tumors

=
¥

Figure 1 Cerebral corridor creator (Shineyard Medical, Shenzhen, Guangdong Province, China). A: Balloon catheter set; B: Balloon catheter with
inner needle details; C: Tubular retractor; D: Securing the tubular retractor by following the catheter route.
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CASE PRESENTATION

Chief complaints
Case 1: Acute vomiting, headache, and dizziness for 3 d.

Case 2: Headache for 2 mo.

History of present illness

Case 1: The patient was a 63-year-old healthy woman with acute vomiting, and she had headache and
dizziness for 3 d. A computed tomography scan at a local hospital revealed an intracranial mass lesion,
and she was referred to our institution.

Case 2: The patient was a 53-year-old woman patient who had suffered from headaches for 2 m.

History of past illness
Case 1: The patient had no past medical problems.

Case 2: The patient had a 2-year history of stage IV colon adenocarcinoma, and all tumors were
surgically removed.

Physical examination
In both patients, physical examination of the nervous system showed no obvious abnormalities,
including visual deficits.

Laboratory examinations
Laboratory evaluation was performed before surgery, and no abnormalities were found in both patients.

Imaging examinations

Preoperative magnetic resonance imaging (MRI) and DTI were performed with a Philips 3.0 T scanner
using a standard radio-frequency head coil. Pre-processing was performed using FMRIB Software
Library v5.0 (http://www.fmrib.ox.ac.uk/fsl, created by the Analysis Group, FMRIB, Oxford, United
Kingdom), as previously reported[14]. Then, diffusion metrics were calculated to obtain each diffusion
tensor model and fractional anisotropy results. Following these steps, tract-graphic reconstruction was
performed by using Diffusion Toolkit and Track-Vis software (http://www.trackvis.org/dtk/)[15]. The
regions of interest of the OR were the lateral geniculate body and the calcarine cortex[16,17]. The
reconstructed tracts were also overlaid onto T1-weighted images. Based on preoperative DTI images,
surgical trajectories were planned to avoid crossing the OR in the lateral ventricular trigone.

Case 1: MRI revealed a well-defined lesion in the left lateral ventricular trigone with maximum
diameter of 16 mm. A benign meningioma was initially suspected (Figure 2A). DTI depicted the close
relations between the OR (green) and the lesion (pink, arrow head in Figure 2C). The OR under the
tumor had shifted slightly.

Case 2: A heterogeneously ring-enhancing lesion (21 mm x 18 mm) in the left lateral ventricular trigone
was found on the brain MRI (Figure 2E). The DTI-reconstructed OR tract was wrapped around the
lesion and on its path through and intersecting the tumor (Figure 2G).
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Figure 2 Comparative magnetic resonance imaging and diffusion tensor imaging from the axial plane. A-D: Case 1: Preoperative T1-weighted
image demonstrates a lesion in the left lateral ventricular trigone (A); Postoperative T1-weighted image demonstrates total tumor resection (B); Preoperative diffusion
tensor imaging (DTI) shows the left optic radiation (OR) wrapped laterally around the tumor (C); Postoperative DTI shows the presence of intact OR adjacent to the
tumor cavity was completely resected (D); E-H: Case 2: Preoperative T1-weighted image after Gadolinium contrast administration demonstrates a prominent ring-
enhancing lesion in the left lateral ventricular trigone (E); Postoperative T1-weighted image demonstrates total tumor resection (F); Preoperative DTl reveals the left
OR with subtle deformation due to tumor mass effect (G); Postoperative surgery: DTI shows the preserved left OR (H).

FINAL DIAGNOSIS

Case 1
Meningothelial meningiomas.

Case 2
Metastatic adenocarcinoma with immunohistochemistry positive staining of cytokeratin, CEA, SATB-2,
and Ki-67 (80%).

TREATMENT

Operations were performed under general endotracheal anesthesia. The patient was placed in the prone
position with the head fixed toward the opposite side of the tumor. First, a curvilinear skin incision was
made, followed by a temporoparietal-occipital mini-craniotomy. The intra-operative ultrasound
(ALOKA a7, Japan) was used to localize the lesion, to determine the entry point and to confirm that the
entry route was parallel to the major white matter fibers over a non-eloquent gyrus (Figure 3A). The
balloon catheter was used to gently puncture the lateral ventricular trigone based on the preoperative
images (Figure 3B). After placement of the balloon catheter, saline was injected into the balloon to create
an operative corridor from the cortical to the white matter by intermittent dilatation (Figure 3C).

When an adequate corridor was created, the outer tubular retractor was slowly pushed into the well-
expanded corridor, and the inner balloon catheter was removed (Figure 3D). When the inner balloon
was properly filled and contracted during the pushing process, the tubular plate was easier to insert.
The tumor was resected using standard bimanual microsurgical methods under a microscope (Carl
Zeiss Shanghai Co. Ltd., China) through the tubular retractor (Figure 3E).

The diameter (15 mm) of the retractor allows satisfactory visualization with sufficient lighting and a
three-dimensional view. The direction of the tubular retractor can be gently adjusted to reach the
margin areas of the tumor. Routine brain tumor resection techniques, including suction, tissue-biting,
and bipolar cautery were used to remove the tumor until the intra-operative gross total resection was
achieved. Following tumor resection, meticulous hemostasis was performed by standard bipolar
coagulation. The tubular retractor was then gently withdrawn (Figure 3F). When withdrawing the
transparent retractor, the surrounding regions were assessed for re-bleeding. The dura, skull, and skin
were closed following the standard procedure.
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Figure 3 Removal of trigone ventricular tumors using cerebral corridor creator. A: Check the tumor position; B: Puncture balloon catheter; C: Inflate
and deflate the balloon; D: Secure the tubular retractor; E: Remove the tumor (details from the surgeon’s view); F: Withdraw the tubular retractor.
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Case 1

Minimally invasive surgery with the CCC was performed in this patient. As mentioned earlier, resection
was performed using the CCC following routine procedure (Figure 4A-F). The pale-white tumor was
easily visualized through the tubular retractor, and the bottom part of the lesion was adherent to the
choroidal vessels (Figure 4E and F). The tumor could not be sucked out, bipolar coagulation was used to
cut off the blood supply on the surface of the tumor, and then the tumor was removed.

Case 2

The patient underwent surgery using the CCC. The procedure was performed in the same manner as in
case 1. After placing the tubular retractor, the lesion was not found in the center of vision field. As the
surrounding structures were visible through the transparent tubular wall, we adjusted the angle of the
tubular retractor for lesion resection. The lesion was firm with moderate blood supply. After cauterizing
the surrounding blood vessels, the lesion was excised.

OUTCOME AND FOLLOW-UP

Case 1

Headache and dizziness resolved after surgery. The patient was discharged at day 6 post-operation
without additional deficits. The postoperative MRI scan confirmed no residual tumor except for a small
amount of hematocele in the operative area (Figure 2B). Postoperative DTI showed the reconstructed
OR (green) from the lateral geniculate body with no distinguishable loss of fibers (Figure 2D). The intact
OR could be seen clearly spanning from the surgical field to the occipital lobe.

A neurosurgeon carried out a follow-up on the post-operation outcomes based on the activity-of-
daily-living (ADL) scale and the Glasgow Outcome Scale (GOS). Follow-up findings showed that the
patient’s ADL score was 85 and GOS grade 4 before discharge. At 1 mo, the ADL score and GOS grade
improved to normal levels. At 3-mo follow-up, she was back to normal life. To date, the patient has been
observed without further treatment.

Case 2

The patient’s headache resolved immediately after surgery. The 7-d postoperative MRI confirmed the
total removal of the tumor and barely showed any sign of the surgical corridor (Figure 2F).
Postoperative DTI showed that the OR fibers along the surgical corridor were successfully preserved
(Figure 2H).

The patient recovered without additional neurological deficit according to follow-up neurologic
examinations. She was discharged on day 7 after surgery with an ADL score of 90 and GOS grade 4. She
further underwent standard chemotherapy with Capecitabine (1000 mg twice a day) for 2 wk. One
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Figure 4 Case 1: Intra-operative photograph. A: Intra-operative ultrasound relocated the tumor and the entry point; B: Puncture balloon catheter; C: Inflate
the balloon; D: Secure the tubular retractor; E: Tumor is seen within the tubular retractor; F: Total resection of the tumor.
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month after the operation, she resumed all previous activities with ADL score and GOS grade back to
normal levels. The patient will be followed up with imaging to evaluate long-term outcome.

DISCUSSION

Deep-seated brain lesions (e.g., trigone ventricular tumors) require significant retraction to maintain the
surgical corridor open. Traditional retractor systems such as brain spatulas frequently cause severe
damage to adjacent normal brain tissue[18]. Exposure of deep-seated brain lesions by brain spatulas has
been conducted for decades, although significant retraction-associated complications often occur[9].

Novel brain retraction systems have been developed to minimize brain damage. Based on an experi-
mental study, Shahbabian et al[19] reported that a balloon catheter could access the subcortical lesions
with minimal disruption of white matter fibers, which was easier and safer than blunt dissection with a
metallic instrument. Kelly et al[12] proposed the concept of tubular retractor systems with stereotactic
craniotomy in the 1980s. For the next 30 years, tubular retractors have been considered an effective
technique and revolutionized minimally invasive surgery. Various commercial tubular retractor
systems have been developed in recent years, including BrainPath (NICO, Indianapolis, IN, United
States), VBAS (ViewSite Brain Access System, Vycor Medical, Boca Raton, FL, United States), and
METRx (Minimal Exposure Tubular Retractor System, Medtronic, Memphis, TN, United States)[10,13,
20-23]. The CCC extends the advantages of existing retractor systems by adding a balloon into the
device. The balloon gradually dilatates the brain tissue, whereby white fiber tracts are separated, and
the dilation process protected by increasing the balloon diameter.

The CCC can be combined with intra-operative ultrasound and DTI to locate the optimal site of
incision toward achieving a more precise and less damaging technique. The combination of techniques
minimizes the injury during scalp incision and craniotomy, and reduces durotomy size. It has many
advantages. For example, it reduces blood loss and operation time, obviates the need for prolonged
intensive care unit stay, and reduces the risk of complications such as postoperative pain and
postoperative wound infection. The cost of healthcare is reduced, and the patient’s outcome is
improved.

Although previous studies have reported that tubular retractor systems provide optimal visualization
and decrease the incidence of postoperative complications, no direct evidence has been reported on the
preservation of fiber tracts[18]. In previous studies, fiber tracts with fewer functions were selected as
invasion paths. However, insignificance may be mapped to an area simply because of our current lack
of anatomical knowledge. Therefore, in the present two cases, we identified the OR fibers in the lateral
ventricular trigone using DTI in order to achieve an objective evaluation of the integrity of the white
matter fibers. DTI is used for pre-operative evaluation and treatment guidance[20].

By identifying the spatial relationship between tumor and the exact course of the OR, we can
significantly improve the preservation of the OR and reduce the risk of postoperative VFD.
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Furthermore, DTI can predict the functional outcome by quantitatively assessing the integrity of white
matter fibers. Our study demonstrated that the CCC can provide satisfactory protection to the
surrounding white matter tracts as indicated by DTI.

Visualization of tumors can be achieved using a microscope or an endoscope. We found that the
microscope is preferable to the endoscope in most circumstances. The microscope-assisted approach has
several advantages. First, its wider and 3D field of view maintains higher quality visualization. Second
and more importantly, the microscope shows the area outside the surgical cavity, whereas the
endoscope decreases the scale of movement and results in a narrow work space. Moreover, microscopes
facilitate the handling of intra-operative emergencies in a wider operation space. We believe that firmer
tumors such as meningiomas and certain gliomas are easier to remove using a microscope. In contrast,
soft lesions, such as hematoma, can be removed by suction with the aid of endoscope. Consequently, in
our opinion, the firmness and presumed histology of the lesion are two important factors when selecting
a suitable viewing device.

CONCLUSION

In this study, we described a novel brain retractor, the CCC, which creates a satisfactory surgical
corridor with minimal brain injury. We also depicted the feasibility and advantages of combining the
CCC with imaging techniques (intra-operative ultrasound and DTI). Resection in the two patients with
lateral ventricle trigonometric tumors was presented as examples. However, evaluation of the CCC in
other deep intracranial locations is warranted. Large multi-institutional, randomized clinical trials are
needed for clinical implementation of the CCC. Based on our initial experience, patients with other deep
intracranial tumors may also benefit from the CCC approach.
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