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Abstract

Intraventricular tumors represent a minority in the context of brain tumors, but their surgical
treatment is particularly complex due to their vascularization and visualization, especially in deep
localization. The characteristics of these tumors make them ideal candidates for minimally invasive
surgical strategies such as the tubular retractor technique, above all in the elderly population. A 1-
year multi-center, retrospective case series was performed: the authors describe their preliminary
experience using a neuronavigated tubular retractor in the management of 11 cases of
intraventricular meningiomas. Clinical and radiological findings were examined to define the
outcome. We used an alternative tubular retractor system obtained by a modified preexisting general
surgery trocar or the NICO System BrainPath. Gross total resection, defined by the removal of all the
tumor visible from the brain scans, was achieved in all cases. Ten out of eleven of the patients did not
experience major complications or permanent neurological deficits. Four patients presented
transitory post-operative agitation, visual blurring and transient hemiparesis. All patients (mean age
72.6 years) were discharged from the hospital in 5-7 days. Our preliminary experience suggests that
the use of navigated tubular retractors is feasible and safe representing a minimally invasive
technique by displacing the fibers, hence minimizing the damage of the surrounding cerebral healthy
parenchyma. The use of the selective ultrasonic aspirator allows to excise the tumor through the
narrow corridor of the tubular lumen of around 2 centimeters and this technique can also be
improved using both endoscope and microscope guidance.

Keywords: meningioma; minimally invasive; tubular retractor; port technique; intraventricular;
tumor; elderly

1. Introduction
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Intraventricular tumors represent a minority in the field of brain neoplasms, especially
meningiomas (less than 4% of all meningiomas in average) [1], but their treatment is particularly
complex, due to the fine vascularization and their deep location. In clinical practice there has been an
evolution towards minimally invasive techniques with the aim to preserve the neurological function:
an example of this concept is the technique proposed by Yasargil regarding the use of trans cisternal
trajectories rather than the usual transcortical surgical corridors [2]. The characteristics of these
tumors, when located deep in the brain, make them ideal candidates for the resection using a tubular
retractor. This procedure grants direct access to the tumoral mass and the possibility to minimize the
injury to the surrounding brain tissue [3]. In addition, it represents a versatile technique which adapts
to both the microscopic and the endoscopic instrumentation. Intraventricular meningiomas originate
from the choroid plexus’ stroma: arachnoid cells here are found secondary to the embryologic origin
of the choroid plexus [4]. Jamshidi et al. and Lin et al. published the first reported series of
intraventricular meningiomas and to date, to the best of our knowledge, most of the literature
regarding the use of tubular retractors in intraventricular tumors is still based on individual case
reports [1-5]. The aim of this study is to describe the surgical technique and present our experience
in 11 cases of intraventricular meningiomas managed through the use of tubular retractors.

2. Materials and Methods

A retrospective l-year multi-institution study (from January 2022 to December 2022) was
conducted, including a series of 11 patients with intraventricular meningioma operated by the use of
the tubular retractor. Surgical resection was performed with the assistance of the neuronavigation
system, microscope, neuroendoscope, selective ultrasonic aspirator and tubular retractors. EVD was
not used routinely. Surgical resection was assisted with a Leica surgical microscope (Leica
Microsystems, Wetzlar, Germany) and a Stryker (Kalamazoo, Michigan, USA) rigid endoscope with
a 0-degree optic x 2 mm in diameter x 12 cm in length. The tubular retractor system was obtained by
the general surgery equipment and secured to the skull clamp with a Greenberg flexible arm:
ENDOPATH XCEL 15 mm trocar (Ethicon, Johnson & Johnson MedTech, New Jersey USA) [Figure
1] or, in a minority of cases (n=3) by the NICO System BrainPath (NICO Corporation, Indianapolis
USA).

We describe the technique regarding the excision of the tumoral mass using the tubular retractor.
Patient’s demographics, onset and follow up, clinical data (symptoms and neurological status),
operative and postoperative details, histopathological diagnosis, and radiological imaging, including
a study of the depth of the tumor, were analyzed to define outcome.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 1. A. The ENDOPATH XCEL 15 mm trocar tubular retractor. B. Neuroavigator probe placed inside the
port (secured to a Greenberg flexible arm), during retractor insertion under image guidance. C. Intraoperative

navigation images showing targeting of the lesion.

2.1. Perioperative Management

All patients underwent magnetic resonance imaging with and without contrast, in the majority
of cases (n=8) supplemented by tractography, along with the neuronavigation protocol, to determine
the surgical trajectory and tumor detailed position (BrainLAB neuronavigation system, Munich,
Germany). Measurements of the tumor were made on the contrast-enhanced T1-weighted MRI
sequences, as well as its depth from the entry point on the cortical surface. The anatomic location of
the tumor and its dimensions were determined, in order to choose a patient-tailored surgical
trajectory. An immediate CT scan and a follow-up MRI was carried out after 3 months and 1 year
from surgery.

2.2. Operative Technique

After general anesthesia, we adopted for the patients a supine, lateral or prone position
according to the location of the tumor and the tailored approach. The Mayfield (Ohio Medical
Instrument Co., Cincinnati, Ohio, USA) skull clamp was used and a surface neuronavigation
registration was performed with the BrainLAB system. A linear or lazy S incision, in association with
a round 3-4 cm craniotomy, was planned in all cases. Durotomy was preferably performed in a x-
shaped fashion or in a semilunar manner [Figure 2].

Figure 2. A. The lazy S incision in the lateral position. B. Example of durotomy performed in a x-shaped manner.

C. Round 3-4 cm craniotomy and corticectomy no larger than 15-20 mm.

A transcortical approach was used in our series and, after identifying the reference gyrus and
sulci, a trans-sulcal approach or a corticectomy no larger than 15-20 mm was performed. The trocar
tubular retractor was introduced (the working lumen on top, once the blunt introducer is removed,
is about 20 mm), perpendicular to the cortical surface, and inserted gently and in rotation into the
brain tissue, always guided by the neuronavigation probe inside the port. These maneuvers bluntly
spread the white matter fibers, permit a dynamic retraction and minimize brain tissue disruption,
avoiding high and prolonged brain retraction pressure as an effect of the 360 degrees force
distribution. Once the tumor is reached, the blunt introducer, used for the blunt dissection of the
white matter tracts, is removed creating the direct angle working space. The working angle can
eventually be modified during surgery, to explore all the possible tumor perimeter. A Greenberg
flexible arm is then secured to the skull clamp and attached to the trocar system [Figure 3-4].
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Figure 3. A-B. 15-20 mm corticectomy before positioning of the tubular retractor system. C-D 25 mm trocar

placed through the corticectomy with gentle retraction and intraoperative view through its lumen.

The choice of the port diameter is influenced by the diameter of the lesion and by the
preoperative radiological measurements. We performed the tumor resection by means of microscope
and endoscope. The tumor was debulked using the ultrasonic selective aspirator and angulation of
the tubular retractor in multiple directions. Once tumor resection and hemostasis were achieved, the
tubular retractor was slowly removed, in a rotational way, as it was inserted. In none of the cases an
EVD (external ventricular drain) was placed routinely before the procedure [Figure 4]. The study was
conducted in accordance with the Declaration of Helsinki and Ethical approval was waived by our
local ethics committee in view of the retrospective nature of the study and all the procedures being
performed were part of the routine care.
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Figure 4. A. Trocar tubular retractor system positioned. B. top view of the working lumen. C. Simultaneous use

of bipolar forceps and suction through the trocar. D. View of the surgical field after the tubular retractor removal.

3. Results

3.1. Patient Overview

During 2022, 11 patients (5 males and 6 female), with an overall mean age of 72.6 years (range
56-83), were operated for an intraventricular meningioma by means of the tubular retractor system.
In 4 patients the tumor was located in the trigonal area of the right lateral ventricle, in 5 patients, the
tumor was in the left trigonal area of the ventricle, in 2 patients in the region of the foramen of Monro.
In all patients the resection was gross total. In no case, before or after the operation, was it necessary
to use an EVD. None of the patients, except one patient with postoperative right-side hemiplegia
probably caused by venous infarction, experienced permanent neurological deficits. Four patients
presented transitory post-operative agitation, visual blurring and transient hemiparesis. There were
less than 10% of permanent major complications related to surgery (one patient with postoperative
right-side hemiplegia probably caused by venous infarction) and no mortalities. Surgical procedures
were performed with microsurgical vision and neuroendoscopic assistance in all cases. Mean tumor
depth was 1.72 cm and the average preoperative tumor volume for the series was 45.1 cm3; tumor
types included: N=9 WHO grade I and N=2 grade II meningiomas [Table 1].

Table 1. Patients overview. M: male, F: female, y: years, GTR: gross total removal i.e., removal of all the tumor

visible from the brain scans, R: right, L: left.

Age Average pre-

Cases Meningiomas L. Average Tumor
(n) & WHO grade Localization op tumor Depth (cm) resection
Gender volume (cm?)
Trigone
56-58y WHO 1 (n=9) R:4, L:5)
1 M:5, F:6 WHO2 (n=2)  Monro region 51 1,72em GIRY
(n=2)

3.2. Illustrative Cases

e Case 1. An 83-year-old man presented with a history of loss of consciousness episodes and
ideomotor slowdown. He was otherwise neurologically intact. MRI revealed a large right-sided
intraventricular mass in the trigone of the right lateral ventricle consistent with meningioma.
We adopted for the patient a supine position and a minimally invasive tumor excision was
performed using the tubular retractor system assisted by neuronavigation. Gross total resection
(GTR) was achieved and pathology confirmed WHO grade 1 meningioma. He had an uneventful
recovery and remained neurologically intact after surgery. At 3 months from surgery there is no
evidence of tumor recurrence, no evidence of brain injury or progressive neurological deficits
[Figure 5].
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Figure 5. A. Trocar tubular retractor system positioned. B. top view of the working lumen. C. Simultaneous use

of bipolar forceps and suction through the trocar. D. View of the surgical field after the tubular retractor removal.

e  Case 2. A 56-year-old woman presented with memory impairment, dysarthria and neurological
exam revealed hyposthenia at the right limbs. A contrast-enhanced MRI showed a large
intraventricular mass in the left trigone with peritrigonal extension consistent with meningioma
[Figure 6]. We adopted for the patient a lateral position and a trans-sulcal temporal approach
with port technique, neuronavigation-assisted. Surgery was uneventful and a gross total
resection was obtained. Pathology revealed a WHO grade 2 meningioma. Postoperative MRI
confirmed complete resection of the tumor. Adjuvant radiation therapy was not recommended
due to complete tumor resection, the patient was neurologically intact and followed up.
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Figure 6. The axial (A), sagittal (B), and coronal (C) contrast-enhanced preoperative MRI showed a large
intraventricular mass in the left trigone with peritrigonal extension. D-F. Contrast-enhanced postoperative MRI

revealed a complete tumor resection, with minimal brain damage.

e Case 3. A 79-year-old man presented with memory impairment, ideomotor slowdown and left
hemitemporal hemianopsia; he was otherwise neurologically intact. Routine magnetic
resonance imaging (MRI) revealed a large homogeneously enhancing tumor involving the right
ventricular trigone that appeared consistent with a meningioma. He was scheduled for
operation, and we adopted for the patient a prone position. Resection was achieved via the
posterior aspect of the superior parietal lobule with a neuronavigated port technique. Surgery
was uneventful and a total resection was obtained. Pathology revealed a WHO grade I
meningioma. He recovered uneventfully and at 1-year postoperative follow-up there was no
evidence of tumor recurrence, no evidence of brain injury or progressive neurological deficits
[Figure 7].

Figure 7. Preoperative (first row A-C) and postoperative (second row D-F) MRI image showing removal of a
large homogeneously enhancing tumor involving the right ventricular trigone that appeared consistent with a

meningioma.

4. Discussion

In cerebral intraparenchymal tumors, brain injury related to retraction is a frequent complication
with the onset of postoperative seizures, neurological deficits, brain edema and bad clinical outcome
[5-7]. Minimally invasive techniques, in transcortical approaches, allow to reduce damage to the
surrounding brain maintaining good visualization fie these deep-located tumors. In this light the use
of circular or tubular retractors, known since 1988 [8], meets these purposes by dissipating the
amount of retraction force in a circumferential manner reducing the cortex under retraction’s amount
of force per unit [5,8,9]. The circumferential shape of the tubular port, theoretically, redistributes
pressure equally across the surrounding tissue, in a 360~ dispersion pattern, and produces less direct
cutting and tearing trauma to the underlying brain tissue [10-13]. In our preliminary experience and
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in accordance with the literature, it was a safe technique, but there are authors who, in order to avoid
a potential complication such as shear injuries, have proposed alternative techniques which are
matter of further investigation [14-16].

Literature reports the use of different types of tubular retractor systems commercially available:
as previously reviewed by Okasha et al., the most frequently mentioned tubular retractor system in
the current literature is the ViewSite Brain Access System manufactured by Vycor Medical (Florida,
United States) [5]; other authors used the BrainPath (BrainPath NICO Corporation, Indianapolis,
Indiana, USA) [17], proposed a new mini tubular port like Liu et al. [10] or modified preexisting
equipment like syringes and spinal tubular retractor [9,18]. In our case, except few cases where the
BrainPath was available, we modified a preexisting general surgery trocar as tubular brain retractor.
We used the ENDOPATH XCEL 15 mm trocar: this laparoscopic instrumentation is widespread and
well described in the context of general surgery and, according to the literature, it is a safe guide that
potentially guarantees a low insertion force [19]. The technical features of the trocar seem to have met
the expectations of reducing tearing trauma to the brain surrounding the lesion, due to the 360°
pression dispersion pattern. Further studies to confirm our preliminary results are needed.

Deep seated tumors could benefit from a minimally invasive approach with tubular retractors
because it provides a small corticectomy and direct path to the lesion; this technique minimizes the
brain injury without adhering to the brain [3]. The transparency of most of the retractors offers a
detailed visualization of surrounding tissue and the technique is versatile, using microscope,
endoscope and the routine instruments (such as the ultrasonic aspirator) as needed. Often,
intraventricular tumors represent a challenge due to the poor visualization of the surgical field:
tubular retractors, in addition to less invasive corticectomy and stability on surgical corridors, allow
the use of both hands of the surgeon to manage other instruments when needed (microscope,
exoscope, ultrasonic aspirator) [20-25].

The need for a minimally invasive technique, aimed at improving the outcome and reducing
complications, is particularly necessary in elderly patients and reflects a modern concept of
neurosurgery: our series included a population with an average age of 72.6 years. In our experience,
according to the literature, older age did not seem to be a limit and promising technologies such as
tractography or Extend Reality could additionally help [26-28].

We believe and prefer, according with the literature [3], using both the microsurgical technique
and the endoscopic assistance in the management of intraventricular tumors. The micro-endoscopic
approach, in our preliminary experience, seemed to be the fastest approach related to the greatest
possibility of a complete deep tumor resection. The purpose of this study is to describe our
preliminary experience with intraventricular meningiomas approached through tubular retractors.
As documented in recent studies in the literature; our, even if preliminary, experience seems to
confirm that this technique is safe and allows the total removal of intraventricular meningioma.

5. Conclusions

Our preliminary experience suggests that the use of tubular retractors in intraventricular
neoplastic diseases, such as meningiomas, is versatile, feasible and safe. The use of this minimally
invasive technique allows the reduction of damage to the cerebral parenchyma by displacing the
fibers surrounding the tubular retractor in a 360-degree manner. It also made it possible to work,
easily, with all the main ordinary surgical instrumentation, the selective ultrasonic aspirator, along
with the microscope and the endoscope, through its narrow lumen of a few centimeters.
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Abbreviations

The following abbreviations are used in this manuscript:

WHO: World Health Organization grading system
Fig. = figure

MRI = Magnetic Resonance Imaging
CT = computed tomography

Tab. = table

d = days

Y =years

M = male

F = female

P: patient

A:age

GTR: gross total removal

L: localization

L: left

R: right

PTV: preoperative tumor volume

D: tumor depth

EOR: extent of resection

NB: neurological status before surgery
LOC: loss of consciousness

R: retractor used (1: Endopath, 2: NICO)
LOR: length of retractor

COR: corticectomy dimension

NA: neurological status after surgery
LH: length of hospital stay

FU: months of follow-up

LP: late postoperative complications.
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