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Abstract: This study describes a patient with an intradural extramedullary (IDEM) tumor removed entirely using the unilateral
biportal endoscopic technique (UBE), achieving satisfactory clinical outcomes. A 60-year-old woman had a diagnosis of meningioma
with sensations and motor dysfunction in the lower extremities and perineum and gait disturbances for three years, which has
worsened over the last month. Preoperative imaging data showed a sizeable IDEM tumor at the T10 level, significantly compressing
the thoracic spinal cord to the right side, with 80% intraspinal encroachment. The IDEM tumor was removed entirely by UBE surgery.
To the best of our knowledge, this study may be the first to report the application of UBE techniques for IDEM tumor treatment. In this
case, UBE provides a magnified and clear surgical field, greater maneuverability, and a less invasive surgical procedure. The procedure
objectives were pathological confirmation, spinal cord decompression, and complete tumor removal; all were met. The patient was
satisfied with her dramatically improved clinical symptoms. UBE may be an alternative surgical treatment option for benign IDEM
tumors presenting with symptomatic, especially the non-giant lateral and posterior tumors.
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Introduction
Spinal intradural extramedullary (IDEM) tumors mainly stem from cellular components of the spinal cord, end filaments,
nerve roots, and meninges, with 80% being schwannomas and meningiomas.' Clinical signs and symptoms are mainly
related to the spinal cord and nerve compression, most manifest as myelopathy, radiculopathy, and sphincter disorders below
the tumor segment. Conventional open surgery was often performed for these lesions, which involved a long incision, the
division of bilateral paraspinal muscles, and the resection of both laminae with an additional facetectomy in ventral tumors, or
sometimes it required an extension of the bone window into the neural foramen.> This approach destroys most of the structures
of the posterior column, resulting in inferior spinal stability and possible spinal deformity.*> Since the development of
microscopic techniques, hemilaminectomy has become increasingly popular. This technique removes the IDEM tumors, only
separating the affected side’s paraspinal muscles and removing the vertebral arch. Therefore, most of the posterior column
structures and the articular process were preserved, resulting in the spinal stability being minimally impaired. Pure endoscopy
has recently been reported to be an effective treatment for IDEM tumors, achieving positive results.®®

Unilateral biportal endoscopy (UBE) is a novel technique of minimally invasive spinal surgery (MISS) that allows
free hand manipulation of instruments with a magnified clear view, which has been widely applied in spinal degenerative

911 extradural lesions and tumors'>!?

diseases, in recent years. UBE is more flexible, convenient, has minimal tissue
damage, less blood loss, and causes less postoperative pain than conventional surgeries and uniaxial endoscopic
approaches. Two studies conducted by Kim et al and Wang et al have reported that extradural tumors have been
successfully biopsied and removed using the UBE technique, improving dramatic symptoms.'*'> However, the UBE

technique for IDEM tumor had limited reports.
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In this paper, we present a case of an IDEM tumor that was removed entirely by UBE and express our experiences
and lessons learned.

Materials and Methods

Case Presentation

The patient was a 60-year-old woman who presented with gait disturbances, numbness and weakness in the lower
extremities, lumbar and abdominal girdling sensations, and numbness in the perineum. Symptoms were more severe on
the left side than the right, lasting for 3 years and worsening for 1 month. A physical examination revealed increased
muscle tone in the lower extremities and ankle hyporeflexia. The patient’s history included hypertension and hyperlipi-
demia. Preoperative magnetic resonance imaging (MRI) showed a sizeable intradural tumor at the T10 level with an
intact envelope and well-defined borders, significantly compressing the thoracic spinal cord to the right side, with 80%
intraspinal encroachment (Figure 1). The tumor showed hypo-intensity on the T1 and T2-weighted images and obvious
homogenous enhancement on the T1 fat suppression contrast-enhanced image. Meningiomas were initially suspected to
be the cause of this IDEM tumor. The patient vehemently opposed conventional open surgeries and agreed to a unilateral
biportal endoscopic approach. The preoperative modified Japanese Orthopaedic Association (mJOA) score was 11. The
study was conducted by the guidelines of the Declaration of Helsinki and was approved by the Institutional Review
Board of Wuxi Ninth People’s Hospital Affiliated to Soochow University. Informed consent was obtained from the
patients, who provided written informed consent for the publication of this article.

Procedure

Procedure Position and Instruments

Under general anesthesia, the patient was placed in a prone position on a radiolucent frame for posterior surgery. Surgical
drapes were placed aseptically from the upper thoracic spine to the lower thoracic spine in a watertight manner. An
endoscope with a 30-degree angle, a high-definition imaging system, an irrigation system with 3000 cc of sodium
chloride, and a standard laminectomy set were used to perform thoracic spinal decompression and tumor removal. The
surgical approach was selected on the left side of the body, which was determined by the relative position of the tumor
concerning the spinal cord. Two 10 mL syringe needles were used to confirm the T10 pathological level with
preoperative C-arm fluoroscopy. The viewing portal was placed cranially, and the working portal was located caudally.

Figure | Magnetic resonance images (MRI) of pre-operation. (A-C) Preoperative sagittal MRI showed a sizeable IDEM tumor (red arrow) at the T10 level with an intact
envelope and clear borders. (D and E) Preoperative axial MRI showed that the IDEM tumor significantly compressed the thoracic spinal cord to the right side, with 80%
intraspinal encroachment. The red and yellow lines represent the axial planes in (C).
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Unilateral Approach and Bilateral Decompression

To enlarge the working and viewing portals, a sequential dilator was used to split the paraspinal muscle with
minimal damage to the multifidus of the thoracic region. The bleeding control and soft tissue detachment were
performed under arthroscopic guidance with a bipolar radiofrequency instrument, and a preliminary workspace was
established (Figure 2A). The T10 translaminar approach was used to access the tumor center during the procedure.
To ensure precision, a 1.5mm Kirschner needle was utilized to verify the T10 pathological level with the help of
intraoperative C-arm fluoroscopy, as shown in Figure 2B. Once the spinous process was exposed, the T10 and most
T9 lamina were dissected sequentially. A high-speed diamond burr and Kerrison rongeurs along the inferior border
of the upper lamina and the medial part of the inferior articular process to expose the cranially superior and inferior
attachment of the ligamentum flavum (LF) and then totally removed (Figure 2C and D). The partial inferior lamina
was also removed until reaching the lower edge of the tumor border (Figure 2E). The location of the tumor
determined the range of laminotomy. As a result of removing the majority of T10 and 1/3 of T9 lamina, an oval
opening of 5.8 cm was created in the bone.

Tumor Removal

To determine the range of incisions needed, we assessed the upper and lower edges of the tumor. Using a nerve root
stripper, we lightly palpated the dural sac to estimate the tumor extent. Then, under endoscopic guidance, a sharp blade
was used to gently tease the dural sac with an approximately 2.5 cm-long incision, after which the tumor was exposed
(Figure 2F). Next, a dissecting plane along the tumor envelope was meticulously created between the tumor and the
nerve tissue (Figure 2G). Then, the IDEM tumor was carefully dissected along the dissection plane until entirely
detached from the nerve tissues. In this case, the tumor had three tight adhesions to the nerve tissue, which were gently
peeled off with a nerve root stripper. While dissecting the tumor, it broke into three fragments due to its brittle texture.
Lastly, the tumor was removed piecemeal (Figure 2H). After confirmation of complete tumor resection, endoscopic
advancement of the dural sac for exploration confirmed clean removal of the mass, and the herniated nerve tissue was
retracted into the dural sac (Figure 2I). Finally, 6-0 PROLENE interrupted the dural sac suturing (Figure 2J). Endoscopic
suturing of the dural sac is a challenging procedure, and the aim is to prevent scar tissue from invading the dural sac,
which could result in neurological symptoms. The skin wounds were closed, and a drainage tube was inserted
(Figure 3A). Its size was about 1.5%2.0 cm (Figure 3B).

Figure 2 Intra-operative endoscopic images of UBE procedure. (A) Bleeding control and soft tissue detaching were performed with a bipolar radiofrequency instrument.
(B) Intraoperative localization was performed using a |1.5mm Kirschner’s needle. (C and D) A high-speed diamond burr and Kerrison rongeurs were used to remove the
lamina to expose the attachment of the ligamentum flavum. (E) The surgical field after removing the lamina and ligamentum flavum. (F) A scissor blade incised the dural sac.
(G) The dissection of the tumor by a small blunt hook. (H) The IDEM tumor was piecemeal removed by a nucleus clamp. (I) Altogether removal of the tumor was achieved.
(J) The dural sac was sutured under endoscopy.
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Figure 3 (A and B) The incisions and the resected tumor. (C) Hematoxylin and eosin (H&E) staining of the surgical biopsy specimen indicated that the tumor cells were
arranged in bundles and swirls with gravel bodies evident, and their nuclei were ovoid or spindle-shaped.

Results

The patient’s neurological deficits, including sensory and motor weakness, were improved after UBE surgery. The
drainage tube was successfully removed at 8 days postoperatively, and the total hospital stay following surgery was 10
days. The IDEM tumor was identified as a meningioma based on pathological examination of surgical specimens
(Figure 3C). Figure 4 of the postoperative CT imaging shows that the lamina was hemi-laminotomized while the spinous
process and the facet joint were preserved. Postoperative MRI revealed that the spinal canal was sufficiently decom-
pressed following the complete removal of the IDEM tumor (Figure 5). During the following three months, the
postoperative mJOA score was up to 15, and no recurrence of symptoms and no severe complications were observed.

Discussion

To the best of our knowledge, this study may be the first to report the application of UBE techniques to treat IDEM
tumors. The procedure objectives were pathological confirmation, spinal cord decompression, and complete tumor
removal; all were met. The patient was satisfied with her dramatically improved clinical symptoms.
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Figure 4 Computed tomography scan (CT) of post-operation. (A) Postoperative coronal CT of thoracic spine. (B) Postoperative sagittal postoperative CT. (C)
Postoperative 3-dimensional CT. (D and E) Postoperative axial CT. Red arrow: the bone window.

SPINE

Figure 5 MRI sagittal (A~C) and axial (D and E) of post-operation showed that the IDEM tumor was removed completely, and the spinal cord returned to a normal
position. The red and yellow lines represent the axial planes in (C).

IDEM tumors are primarily benign schwannomas and meningiomas that can be surgically cured by complete tumor
resection. During the evolution of spine surgery, open approaches are gradually replaced with limited bone removal
techniques, such as hemilaminectomy and MISS, to prevent the potentially destabilizing dissection of osseoligamentous
structures and muscles.'>*!*"'® By applying microscopic techniques, hemilaminectomy can significantly reduce surgical
injury, intraoperative bleeding, operation time, and postoperative hospitalization compared to conventional open
surgery.' % A further advantage of this procedure is that it allows for better preservation of the posterior ligamentous
complex and the articular eminence of the vertebral body.'*'** Therefore, the spinal column’s original physiological
and mechanical properties are maintained, resulting in satisfactory clinical outcomes and spinal stability even without an
internal fixation device.'®?' Moreover, the annulus structure of the spinal canal is less disrupted, thereby reducing the
path for scar tissue invasion into the spinal canal, which may reduce the risk of medically induced spinal stenosis.

However, hemilaminectomy has limitations due to the limited exposure range and bone window, resulting in a limited
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maneuvering space that requires extensive surgical expertise.”> Consequently, the scope of adaptation is limited, and the
procedure is more suitable for cases with unilateral lesions.

Endoscopic technology has become widely used in spinal surgery since its development and widespread application.
Various studies have demonstrated the safety and effectiveness of minimally invasive approaches using hemilaminect-
omy with the help of an endoscope.”'** An endoscope-assisted micro neurosurgical technique has been used for the
first time to remove multilevel IDEM tumors in the lumbar region by Burtcher et al.** Subsequently, Barami et al
reported that an endoscope-assisted posterior approach was used in two cases to resect ventral IDEM tumors.>> Parihar
et al was the only other major series on “pure endoscopic” surgery to use the “Destandau” (convergent) port for treating
IDEM lesions up to 41 mm in diameter.® The surgical approach of endoscopic-assisted spinal surgery was very safe and
did not cause damage to essential tissue structures. Furthermore, endoscopy’s panoramic illumination and visualization
offer definite advantages over microscopy when dissecting tumors from adjacent neural and vascular structures, requiring
even smaller bony and dural exposures.””*® Therefore, complementary to microscopy technology, endoscopy employs
a multi-angled endoscope to directly visualize and remove the lesion in the bone window that cannot be observed and
manipulated under the microscope. However, because of its inherent viewing channel coaxial with the working channel,
uniaxial endoscopy has the disadvantages of inconvenient manipulation and limited surgical vision, leading to limitations
in bilateral decompression.

UBE is a novel technique operated through a percutaneous endoscope, which has been widely used for treating
degenerative spinal diseases in recent years.”” Compared to uniaxial endoscopy, UBE offers a more transparent and
magnified surgical field due to continuous monitoring of a high-definition arthroscop.?° Studies have also shown that
flexible and unrestricted working tubes improve maneuverability, convenience, and iatrogenic injury reduction.’’ The
indications of UBE surgery are increasingly extensive, including lumbar spinal stenosis, lumbar interbody fusion,
gaseous lumbar pseudocysts, lumbar disc herniate, and intraspinal extradural tumors.'*'*?%32* In the present study,
we have successfully performed UBE on an IDEM tumor and obtained satisfactory results.

Several concerns must be considered when treating IDEM tumors with the UBE technique. To begin with, what kinds
of IDEM tumors are suitable for treatment with UBE? Due to the posterior approach, UBE is particularly suitable for
treating tumors in the spinal cord’s dorsal or anterolateral part, provided the tumor does not extend into both
extraforaminal regions. In this case, the IDEM tumor was in the spinal canal’s anterolateral sides, and it did not extend
beyond a single segment or into the intervertebral space, which allowed us to remove the tumor with a minimal retraction
of the spinal cord and nerve roots. UBE is not the first treatment option when a tumor is in the ventral or anterior region,
and the spinal cord surrounds it in the cervical or thoracic spine, requiring spinal cord retraction. The preoperative MRI
images indicated that the envelope of our tumor was intact, and postoperative pathology identified it as meningioma. It
has been noted that IDEM tumors treated with endoscopy have been primarily benign so far; a primary malignant tumor
has not been reported. For long segments of the tumor, Dhandapani et al have reported that a longer schwannoma up to
6.8 cm was excised under pure endoscopy through smaller bony fenestration using the “sliding delivery” technique.’
However, based on our experience, microscopy surpasses endoscopy in providing an overall view than endoscopy.
Nevertheless, it is vital to acknowledge the presence of blind spots within microscopy’s visual field; in contrast,
endoscopy offers a better local field of view. Thereby minimizing potential harm to the posterior column’s structural
integrity with the aid of endoscopy.

Next, how to design incisions? Design incisions are intended to facilitate intraoperative manipulation, minimize
spinal cord stretching, and reduce the risk of aggravating spinal cord compression during the procedure. In our case, the
preoperative MRI images have shown the intradural tumor was located at the anterolateral and crossed the midline of the
spinal cord, depressing the spinal cord to the right side. Thus, we selected the left side to increase the convenience of
manipulation and avoid stretching the spinal cord. If the tumor did not cross the midline of the spinal cord, the incision
was made on the ipsilateral side of the tumor. An appropriate extent of the incision should be determined based on
preoperative imaging data, and the working channel should be capable of exposing the free end of the tumor easily, if
necessary, increasing the number of incisions.

Moreover, points to note for intraoperative operations. Firstly, it is necessary to grind out enough bone to gain
sufficient maneuvering space. Moreover, in the context of intracapsular resection of a tumor, the direction of force
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throughout the process should be avoided by stretching or exerting pressure on the spinal cord as much as possible,
which may result in further injury to the spinal cord. Furthermore, despite the narrow operation field of the hemi-
laminectomy approach, the operation space can provide adequate hemostasis. It is mainly since intradural tumors are
mostly benign and not supported by abnormally large blood vessels. Therefore, the position of the blood-supplying
arteries of the spinal cord is stable if there is no vascular malformation, and it is relatively easy to protect these arteries
during surgery. In our case, no injury to the blood-supplying arteries of the spinal cord has occurred, even if there were
some arterial hemorrhages.

En bloc resection is recommended for intradural tumors as it reduces the possibility of recurrence. The texture of
schwannoma tumors makes it possible to remove them en bloc because they are less likely to fragment when removed. In
contrast, piecemeal removal is more common for meningiomas, primarily due to their brittle texture and tendency to
fragment upon removal. In this case, the IDEM tumor was a meningioma dissected from the spinal cord in fragments,
and there were no signs of recurrence after three follow-up visits. When the dura incisions are greater than 1 cm long,
sutures should be applied to close the dural sac continuously or intermittently with non-invasive sutures (6—0). The dura
suture was designed to prevent scar tissue from invading the dural sac, which could result in neurological symptoms.

In addition, it is essential to recognize that UBE for IDME tumors involves a steep learning curve. Surgeons must be proficient
in performing endoscopic posterior approaches from the cervical spine to the lumbar spine. Although UBE for IDME benign
tumors has achieved positive results in our cases and has desirable characteristics, this technique should be considered in select
cases. In the case of large tumors with apparent neurological deficits, microendoscopic surgery may be an appropriate option.
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