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Abstract

The favorable outcome generally associated with spinal meningioma surgery is the result of the continuing
refinement of the surgical technique, the use of intraoperative neuromonitoring, and a better understanding of
the tumor biological behavior. Among all the technological advancements, visualization tools are the keys to any
successful surgical procedure. The operating microscope is the gold standard in all neurosurgical procedures.
In recent years, high-definition exoscope systems have entered the field of neurosurgery, as another tool in the
armamentarium of the contemporary neurosurgeon. After initial experiences and technical improvements, the
exoscope has proven to be best suited for spinal procedures. This study aims to briefly review the exoscope
journey in neurosurgery, with a special focus on spinal meningioma surgery. Benefits and limitations are analyzed
and an illustrative case is reported. Spinal meningiomas removal under exoscope visualization has proven to
be feasible, efficient, and safe. Indication for the use of the exoscope greatly depends on meningioma size,
consistency, relationship to surrounding neurovascular structures, and the surgeon’s experience. Switching to the
operating microscope, if deemed safer, should always be considered.
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INTRODUCTION

Spinal meningiomas are intradural extra-medullary lesions that arise from meningothelial arachnoid cells
within the spinal dura mater. They are the second most common intradural spine tumor, after neuromas,
accounting for two-thirds of all intraspinal neoplasms. Surgical treatment of spinal meningiomas
is associated with a favorable outcome, both in terms of progression-free survival rate and patients’
neurological post-operative status. Improvements in spinal meningiomas surgery are the results of the
continuing refinement of the surgical technique, the use of intraoperative neuromonitoring, and a better
understanding of meningiomas biological behavior™™. Spinal meningiomas have shown to be less likely
to recur than their intracranial analogs, with the majority of series reporting no significant difference in
recurrence rates between Simpson grade I and grade II resections””. The negligible oncological benefit
of an aggressive surgical strategy that includes a wide removal of the dural attachment does not seem
to outweigh the risk of surgical complications and patients’ morbidity, especially for ventral and lateral
spinal meningiomas. For this reason, there has been an attitude shift toward less aggressive resections,
with the goal of minimizing morbidity”. The safety of meningiomas surgery is increased by the use of
multimodal neuromonitoring: somatosensory-evoked potentials, motor evoked potentials, and D-waves
provide the opportunity to assess the functional integrity of the spinal cord during surgery, bearing the risk
of neurological complications. Therefore, intraoperative neuromonitoring adds to the modern treatment of
spinal tumors and should be performed in spinal meningiomas surgery".

Among all the technological advances, visualization, magnification, and the illumination of the surgical
field are the keys to any successful surgical procedure. After few years from the introduction of the
operating microscope by Yasargil and Krayenbuhl in the 1970s""", Caspar demonstrated its usefulness for
spinal surgerym]: the advent of the operating microscope in spinal procedures brought terrific improvement
514l Since then, visualization tools have continued to evolve, along with the
inexhaustible research of less invasive surgical techniques to address cranial and spinal pathologies. In the
late 1990s, neurosurgeons began to use the endoscope, as a primary visualization tool or in assistance to
the microscope. Neuroendoscopy found its best application in skull base approaches and intraventricular

in terms of outcomes

surgery“””, while reports of endoscopic spinal surgery remain rather sparse in the literature”’. In recent
years, high-definition exoscope systems have entered the field of neurosurgery, as another tool in the
armamentarium of the contemporary neurosurgeon[“]. Following preliminary convincing experiences
with the exoscope and subsequent technical refinements, reports of application of this device in the setting
of more complex cranial and spinal procedures have appeared in the literature™™ ™", Advantages and
disadvantages of the exoscope over the well-established visualization tools, i.e., the operating microscope
or endoscope, and the surgical settings in which it could be best indicated still need to be fully elucidated.
This article aims to provide a cogent review of the exoscope journey in neurosurgery, with a special focus
on spinal procedures and spinal meningioma surgery.

EXOSCOPE IN NEUROSURGERY

During the last three decades, telescopes have been recognized as a valid visualization tool in many surgical
fields. The telescope optical system is attached to a high-quality television camera and the surgeon operates
by visualizing the anatomic structures and instruments from a video monitor screen placed at an optimal
distance. Typical telescopes have very short focal distances and must therefore be introduced directly into
the body cavity. Because the lens sits within the body, these devices are usually referred to as endoscopes.
Endoscopic visualization in neurosurgery finds its main indication for the treatment of intraventricular
lesions and skull base surgery[”’w’"]. Exoscopes are telescope-based visualization tools that produce very
high-quality video images with large focal distance and wide field of view. One of the advantages of the
exoscope over the existing telescopes is that the exoscopes are positioned far away from the surgical field, at
a distance of approximately 25 to 30 cm. Distinctly from the endoscopic technique, exoscope facilitates the
passage of instruments under the scope and does not require dedicated instrumentation.
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In 2008, Mamelak et al.”” reported the initial use of this novel tool in an animal model. The initial
impression was that the exoscope had the potential for widespread application for human microsurgical
procedures owing adequate image resolution, magnification, and easy and intuitive manipulation. Soon
after the initial report, its clinical use has been tested in many surgical disciplines including vascular
and cardiac surgery, ENT, hepatic surgery, and neurosurgery”****** The outstanding quality of images
was largely confirmed and the exoscope earned the right to be seen as another visualization tool in the
armamentarium of the contemporary neurosurgeon. The first clinical series of patients undergoing surgery
with the aim of the exoscope consisted of technically less demanding neurosurgical procedures for which
it was felt that trial use of this device could not potentially affect surgical outcomes. That lack of 3D
visualization was a concern to many surgeons and this drawback was mentioned frequently in preliminary
studies™****" It took about nine years to further evolve the 2D visualization and introduce the first 3D
exoscopic visualization system**. In the following years, the 3D exoscope has been used to perform
various technical more demanding neurosurgical procedures, even in pediatric cases, including treatment
of cerebrovascular disorders (i.e., aneurysm clipping and bypass surgery), degenerative spinal disorders,
and resection of cranial and spinal tumors**”

VITOM?®-3D (Video Telescopic Operating Microscope, Karl Storz GmbH & Co. KG, Tuttlingen, Germany),
provides a 3D visualization in ultra-high definition (4K) quality, with a focal length of 20-50 mm and
magnification ranges from 8x to 30x. It consists of four main parts: the VITOM?®-3D camera with integrated
illuminator, the IMAGE 1 PILOT control unit, the IMAGE 1 S camera system, and the 3D-monitor. The
VITOM?®-3D is fixed with a movable holding arm and the camera with an integrated illuminator is placed
directly above the operation field at a distance of 25-30 cm. The camera and control unit is connected to
the IMAGE 1 S camera system. The 3D-monitor is placed about 1.5 to 2.0 meters distance in front of the
surgeon. Ideally, the surgical team (surgeon, assistant, scrub nurse) can equally watch the surgical field on
the 3D-monitor by wearing polarized glasses.

The principle features of Vitom-3D allow working in a comfortable setting that is similar to endoscopic
surgeries, with the optical advantages of the operating microscope [Figure 1].

The operating microscope is the gold-standard for visualization in neurosurgery****". However, it has
several drawbacks: the cost, which might be up to 500.000 euros; the size, which might be a problem for the
intraoperative set up in smaller operating theatres; the surgeon’s posture that, depending on the personal
height and the angle of the microscope at the surgical field, can result uncomfortable and affect the level
of concentration in longer procedures. Finally, the monitor might not be always visible for the scrub nurse
during intraoperative positioning. Offering the condition of visualizing the surgical field from a video
monitor, both the exoscope and the endoscope require eyes-hands coordination that is different from
the operating microscope. Looking and following more easily and immediately involve the operation on
a screen, all the staft in the operating theater is more involved in the surgical work. Hence, the exoscope
enables the trainees to benefit from a real-time step-by-step surgical learning experience.

The published literature reveals the increased interest in the application of exoscopic visualization in
neurosurgery, with the vast majority of articles being published within the last two years“********), Thanks
to literature contributions, it became possible to analyze the advantages and limitations of Vitom-3D.
Initial impressions were that the most obvious and clinically relevant benefits are related to working
ergonomics (intuitive operating room setup, instrument handling, and surgeons’ comfort) and trainees’
learning experience. Some disadvantages such as headache, dizziness, and nausea due to wearing polarized
glasses, the use of two monitors in selected cases were the surgeon and the assistant were positioned on
the opposite side of the patient’s body, and the inability to rotate the onscreen picture has been reported
as well™*. The main limitation of the Vitom-3D is the reduced illumination and magnification in the
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Figure 1. Schematic drawing showing the intra-operative set-up when spinal procedures are performed under Vitom-3D visualization

depth of the operative field compared to the operating microscope, especially with small dimensions of
the approach. Once the surgeon feels that the procedure is becoming unsafe due to poor image quality,
switching to the operating microscope may be required for better tissue identification and manipulation.

Vitom-3D is one of the exoscopic systems nowadays available for neurosurgical use™' [Table 1]. Each of
these devices has its strengths and weaknesses, both from the ergonomic and optical point of view. The
newer exoscopes can be upgraded combining other technological tools for surgical visualization and
planning (navigation, white matter tractography, intra-operative green video angiography). The pros and
cons of the different systems must be balanced, and their cost considered when choosing the ideal exoscope
within a neurosurgical department.

SPINAL MENINGIOMA SURGERY

Along with the definition of advantages and disadvantages of the exoscope over the operating microscope
or endoscope, the increased experience brought to light on the surgical setting in which the use of Vitom-
3D could be best indicated. Table 2 summarizes the application of Vitom-3D to spinal procedures, both for
degenerative diseases and tumors removal.

Among spinal pathologies, meningioma surgery probably epitomizes the indication for Vitom-3D
application. The most frequently reported location for spinal meningiomas is the thoracic spine (67%-84%),
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Table 1. Main characteristics of exoscopic system options

Exoscopic system Optics Ergonomics Pros Cons Cost
Vitom Focal length: 20-50 mm The camera is mounted Extended working ~ Movements are +
(Karl Storz, Tuttlingen, magnification: 8x to 30x on a fixed pneumatic distance limited by the

Germany) 3D, HD, 4K holder holder

KINEVO Focal length: 200-625 mm A robotic microscope that Integrated Heavy, ++++
(Carl Zeiss AG, magnification: 10x can be converted intoan  navigation, ICG, movements require
Oberkochen, Germany) 3D, HD, 4K exoscope QEVO scope 2 hands,

impaired workflow
ORBEYE Focal length: 220-550 mm  Manual movement Imaging quality Lack of integrating ++
(Olympus, Tokyo, Japan) magnification: 26x utilizing a floor-based arm software
3D, HD, 4K
Synaptive Modus V Focal length: 650 mm Manual movement Integrated Lack of 3D +++

(Synaptive Medical,

Toronto, Canada) 2D, HD

magnification: 12.5x

utilizing a floor-based arm

navigation and

tractography

Table 2. Review of the spinal procedures performed under exoscope visualization

Author Year 2D/3D Procedures Tota.al No. Main findings
patients
Mamelak et a/* 2010 2D e 2 ACDF procedures 5 e Good image quality
e 2 lumbar microdiskectomy e More comfortable position
e 1lumbar foraminotomy e Easy to transport
e Excellent for training and education of
residents
e Less expensive
Shirzadieta/” 2012 2D e 4 lumbar decompressions (1 level) 24 o Lack of stereopsis
e 7 lumbar decompression (2 levels) e Repositioning the holding arm
o 11 lumbar TLIF (1 level) e Frequent need for zooming and refocusing
e 2 lumbar TLIF (2 levels)
Parihar et a/."*" 2016 2D e 4 ACDF 14 e The reduced learning curve of
e 2 ACCF neuroendoscopy
e 2 lumbar diskectomies
e Tdorsal meningioma
e 4 neurofibromas (3 dorsal, 1 cervical)
e 1cervical tuberculosis
Krishnaneta/™' 2017 2D o 3lumbar decompressions 10 e Cumbersomeness in repositioning,
e 4 lumbar microdiskectomies refocusing, and varying the magnification.
e 2 cervical foraminotomies e Lack of fluorescence filters and navigation
e 1 ACDF procedure tools
Oertel et a/®* 2017 3D e 2 ACDF procedures n o |Inferior identification of a bleeding source
e 1cervical osteosynthesis as compared to the microscope
e 1lumbar decompression
e 3 lumbar diskectomies
e 1 cervical posterior decompression and
fixation
e 1TLIF procedure (3 levels)
e 1TLIF procedure (1 level)
e 1thoracic intraspinal extradural tumor
Khalessieta/'*® 2019 3D o 1ACDF procedure 3 o During the preliminary testing phase, it is
e 2 |lumbar posterior decompression advisable to have an operating microscope
available in the room
Beez et a/'** 2018 3D e myelomeningocele closure 1 e The illumination of the OM was considered
superior
de Divitiisera/"“" 2019 3D e Tlintradural hemangioma 5 e Excellent image quality.
e 2 dorsal Schwannomas e Need for reposition and refocusing when
e 2 dorsal Meningiomas surgical exposure changed from extradural
to intradural
Kwan et a/"") 2019 3D e 4 ACDF 10 e Wear surgical loupes under 3D glasses;
e 1ACCF interchange between loupes and 3D
e 3 cervical laminectomies magnification of the field; use the exoscope
e 2 lumbar laminectomies as a sterile, high-intensity flexible light
source
Barbagallo et a/.“* 2019 3D e 2 ACDF-procedures 2 e Indications to the use of the endoscope:

early steps of cervical soft tissue dissection;
for cage insertion, which requires free
maneuverability of the screw and cage
holders under direct vision

ACDF: anterior cervical decompression and fusion; ACCF: anterior cervical corpectomy and fusion; TLIF: transforaminal lumbar

interbody fusion
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Figure 2. Two levels dorsal laminotomy is performed under visualization of Vitom-3D (A, B); after focus and zoom adjustment, the
tumor is exposed and dissected from arachnoidal adherences (C, D) until total removal is achieved

followed by the cervical spine (14%-27%), and the lumbar spine (2%-14%). At the time of diagnosis, these
tumors rarely extend for more than 3 laminae, because of the early occurrence of signs and symptoms of
spinal cord compression in their natural history. Considering the above, the optical properties of Vitom-3D,
in particular the focal length of 25-60 cm and the large field of view, allow for excellent illumination and
magnification of the depth of the surgical field, more in cases of cervical and thoracic meningiomas than
lumbar tumors, where the operative field is deeper. Positioning the VITOM camera at the beginning of the
surgical approach approximately 35-40 cm above the operative field, all procedures can be performed with
the minimal need for repositioning and refocusing at higher magnifications, due to the quite homogeneous
depth of exposure [Figure 2].

In this way, ongoing video documentation step-by-step of the surgical procedure with outstanding quality
of the images is available for all the surgical room staff and educational purpose. In cases of meningiomas
extending for more than three laminae, exoscope adjustments would likely be more often required. During
the extradural steps of the procedure, the surgeon, if wished, could operate under direct vision rather than
from the VITOM monitor. Still, it is worth to consider the exoscope a teaching tool of great impact and
we suggest its utilization during the whole surgery. Besides, the use of the VITOM from skin incision may
help in reducing the learning curve that is associated to the introduction on any new surgical instrument.
Fluoroscopy is commonly adopted during meningiomas surgery in order to safely tailor the dimension of
the approach to tumor extension. The exoscope doesn’t need to be transitioned in and out of the operative
field during placement of fluoroscopy, which may contribute to increased efficiency. On the counterpart,
the need of two monitors for spinal surgery could reduce the working environment ergonomic.
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Figure 3. Vitom-3D allows for the identification of spinal meningiomas ventral dural attachment (A); the cleavage plane is followed until
complete tumor resection (B)

Oertel et al.””

surgeon, both looking at the same screen. However, this is not the usual surgical position and could result
inconvenient. Adjustment of the zoom and focus are required at dural opening, when surgical exposure
change from the extradural to the intradural space; tumor exposure with the identification of cranial and
caudal poles and debulking can be usually performed without the need of further modifications. Zoom
should be increased for a safer tumor dissection from the arachnoidal plane and for a better identification
of the dural attachment, both in cases of ventral and dorsal meningiomas [Figure 3].

reported they experience with only one monitor and the assistance standing right next to the

Finally, the large working distance eliminates the conflict between surgical instruments and the exoscope
and, when required, allows for the placement of traditional spinal instrumentation.

Meningiomas surgery under exoscope visualization is feasible, safe and efficient. VITOM-3D provides
excellent visualization of all relevant structures, including spinal cord, surrounding vessels, spinal roots,
tumor-nervous parenchyma interface, and dural attachment. The surgical setting with the camera holding
arm on the opposite side of the surgeon, the exoscope at the center of the surgical field without conflicting
with his/her dominant hand, and the monitor just in front of the surgeon operating at the side of the
patient, allows for maximal comfort of the surgeon that stands upright with arms in a bent and relaxed
position during all the surgical steps, and operates from the video monitor. In stands clear that the use
of Vitom-3D for meningiomas removal greatly depends on tumor size, consistency, relationship to
surrounding neurovascular structures, and surgeon’s experience. Switching to the operating microscope, if
deemed safer, should always be taken into account.

ILLUSTRATIVE CASE

A seventeen years old young lady came to our attention because of the acute onset of spinal cord
compression syndrome. The neurological examination revealed walking impairment, lower limbs strength
deficit, hyperelicitable Achilles and patellar reflexes, positive Romberg sign, urinary incontinence and
left hearing loss. Magnetic resonance of the brain and spine showed images suggestive for left acoustic
neurinoma, left cavernous sinus meningioma, intradural intramedullary tumor mass at the cranio-cervical
junction, and a dorsal intradural-extramedullary meningioma. She underwent genetic screening and
neurofibromatosis type 2 was diagnosed. Firstly, the patient underwent surgery for the removal of the
medullo-cervical tumor with the assistance of intraoperative neuromonitoring. The surgical procedure
was uneventful and the histological diagnosis revealed a low-grade astrocytoma. After complete recovery,
the patient was scheduled for the surgical removal of the dorsal tumor. Intraoperative neuromonitoring
was used. A skin-to-skin approach under Vitom-3D visualization was performed [Video 1]. Surgery
was performed following the common steps of spinal procedures. After a two level D2-D3 laminoplasty,
dura was opened and tumor mass was exposed. Macroscopic appearance was consistent with a spinal
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meningioma. The rostral and caudal poles were identified; the tumor was debulked and dissected from
the arachnoidal adherences. The dorsal dural attachment was visualized and the tumor was released. En
bloc gross total resection was achieved with no intra-operative complications. The exoscope visualization
provided excellent images quality, both during the extradural and intradural surgical steps. After initial
positioning of the camera 30 cm above the surgical field, repositioning was never required. Zooming
and focusing were adjusted after dural opening; zoom was further increased during tumor dissection.
Histological diagnosis confirmed a WHO I spinal meningioma. Clinical and radiological follow-up at three
months demonstrated total removal of the meningiomas and walking improvement. Further treatment for
the other lesions is planned.

CONCLUSION

Vitom-3D has recently entered the field of neurosurgery and, in selected case, it represents an alternative
visualization tool to the operating microscope. Working environment ergonomics and trainees learning
experience are the most relevant benefits associated with the use of exoscope. The optical properties make
it best suited for spinal procedures rather than intracranial surgery, both for degenerative diseases and
tumors removal. In particular, spinal meningiomas removal under skin-to-skin Vitom-3D visualization
only seems feasible, efficient, and safe. Indications to the use of Vitom-3D greatly depend on tumor size,
consistency, relationship to surrounding neurovascular structures, and surgeon’s experience. Switching to
the operating microscope, if deemed safer, should always be considered. Further studies, including larger
homogenous series, are needed to better define advantages and limitations of the exoscope in meningiomas
surgery as compared to the operating microscope.
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