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Abstract: Background/Objectives: The craniovertebral junction (CV]) poses unique challenges in
the surgical management of intradural extramedullary (IDEM) tumors due to its complex anatomy
and proximity to critical neurovascular structures. This study presents a comprehensive review of
a single center’s experience over three years in managing IDEM tumors at the CV], emphasizing a
novel approach to dural opening aimed at improving surgical access and patient outcomes. Materials
and Methods: A retrospective analysis was conducted on patients with confirmed IDEM tumors
involving the CV] who underwent surgical intervention between January 2019 and December 2021
at the “ARNAS Garibaldi” Neurosurgical Department. The surgical technique involved a posterior
midline approach with a modified dural opening technique, facilitating lateral dural incisions based
on tumor location and size. Clinical, radiological, and surgical data were collected and analyzed,
including patient demographics, tumor characteristics, surgical details, complications, and postop-
erative outcomes. Results: Eight patients (mean age: 53.87 + 8.9 years) with diverse IDEM tumors
(meningiomas, schwannomas, neurofibromas) at various locations, from the foramen magnum to
the C2 vertebra, were included. Common symptoms included paresthesia (62.5%) and neck/head
pain (62.5%). The modified dural opening technique enabled complete tumor resection in all cases,
demonstrating favorable postoperative outcomes with no significant postoperative complications
except for one case with CSF leak. Conclusions: This study highlights the complexity of managing
IDEM tumors at the CV] and introduces a novel modified dural opening technique aimed at opti-
mizing surgical access while minimizing spinal cord retraction. Early outcomes suggest improved
postoperative neurological status and reduced surgical complications. However, careful patient
selection and meticulous technique are crucial. Further studies are warranted to validate the safety
and efficacy of this approach, fostering advancements in the surgical management of IDEM tumors
at the CVJ.

Keywords: craniovertebral junction; intradural extramedullary tumors; surgical technique; dural
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1. Introduction

The craniovertebral junction (CV]), comprising the occipital bone, atlas, and axis, is
a highly complex anatomical region that acts as a vital transition between the cranium
and the vertebral column [1]. Intradural extramedullary IDEM) tumors at the CV] pose a
significant challenge for neurosurgeons due to the intricate anatomy and the proximity of
critical neurovascular structures [2,3]. Traditional surgical approaches in this region often
involve difficult trade-offs between achieving complete tumor resection and minimizing
patient morbidity. The unique characteristics of the CV]J, including its narrow operative
corridors and the presence of vital structures like the vertebral arteries and lower cranial
nerves, complicate both exposure and manipulation during surgery [4-6]. Conventional
durotomy techniques, while effective in many areas of the spine, are often inadequate
at the CV]. These standard methods may not provide sufficient access to deeply located
or laterally positioned tumors, increasing the risk of incomplete resection or iatrogenic
injury. The need for improved techniques is underscored by the complex interplay between
maximizing tumor removal and preserving neurological function, particularly given the
high stakes involved in surgeries at this critical juncture [7]. In response to these challenges,
we have developed a novel dural opening technique specifically tailored for IDEM tumors
at the CV]J. This approach is designed to enhance surgical access while reducing the
risk of neurovascular damage, ultimately aiming to improve postoperative recovery and
minimize complications. Our technique addresses the limitations of traditional durotomies
by optimizing exposure in a region where every millimeter of operative space is critical [8].
In this paper, we present a comprehensive review of our experience over the past three
years, highlighting the utility of this new dural opening method and its potential impact
on patient outcomes. By providing a detailed analysis of surgical complications, patient
outcomes, and postoperative neurological status, we aim to demonstrate the relevance
and distinct advantages of this technique in the management of CV] IDEM tumors. This
contribution is intended to support the ongoing evolution of surgical approaches in this
challenging area, offering a promising new avenue for improving patient care [7].

2. Materials and Methods

We created a database based on the patients affected by IDEM tumors involving the
CV]. All of them underwent preoperative MRI and CT scans of the CV], and surgery
was performed between January 2019 and December 2021 in the “ARNAS Garibaldi”
Neurosurgical Department. The surgical technique involves a posterior midline approach
including a laminectomy and/or minimum suboccipital craniectomy with a modified dural
opening. We analyzed patients” genders and ages, neurological examination results, tumor
localization, and the histologic subtypes of the different tumors involved, the percentage of
the tumor that was removed, and their postoperative complication rates (Table 1).

Table 1. Characteristics of patients and data related to intradural extramedullary (IDEM) tumors
at the craniovertebral junction (CV]) undergoing surgical intervention. The table provides detailed
information regarding gender, age, neurological examination results, tumor localization, histologic
subtype of different involved tumors, percentage of tumor removed, and postoperative complications.

Patient  Age (Years) Sex Symptoms Localization Histotype Surgery Complications
#1 30 neck paity bllaterall C1C2 schwannoma GTR None
upper limb paresthesia
#2 72 neck pai, l?ft foramen meningioma GTIR None
hemiparesis magnum
#3 42 neck pain, left upper Cc1C2 neurofibroma GTR None

limb paresthesia
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Table 1. Cont.
Patient Age (Years) Sex Symptoms Localization Histotype Surgery Complications
quadriparesis, bladder
#4 48 F disturbance, C1-C2 meningioma GTR None
spastic gait
bilateral upper and foramen
#5 74 M lower limb paresthesia, schwannoma GTR None
Lo magnum-C1
spastic gait
bilateral upper and
#6 50 F lower limb paresthesia, Cc1-C2 schwannoma GTR None
quadriparesis
gait disturbance, foramen .
#7 59 F headache magnum-C1 meningioma GTR CSF leak
48 56 F right hemlparesm an.d C1-C2 ancient CTR None
paresthesia, neck pain schwannoma

2.1. Study Design

This study was conducted as a retrospective investigation over a three-year period
at a single center. Patients with intradural extramedullary tumors of the craniovertebral
junction (CV]) who underwent surgical intervention were included. The study aimed to
evaluate the effectiveness of a novel proposed dural opening technique in improving access
and tumor removal in CV] tumors.

2.2. Study Population

The study population was selected among patients presenting with symptoms at-
tributable to intradural extramedullary CV] tumors and who underwent surgical interven-
tion at our center between January 2019 and December 2021. Inclusion criteria encompassed
patients with a confirmed diagnosis of intradural extramedullary CV] tumors and avail-
ability of complete clinical data.

2.3. Surgical Technique

All patients underwent surgical intervention for the removal of intradural extramedullary
(IDEM) tumors at the craniovertebral junction (CV]). The novel dural opening technique
implemented in all cases was tailored specifically to the tumor’s size, location, and relationship
with surrounding structures as identified on preoperative imaging. Unlike traditional midline
dural openings, this approach offers better visualization and access to the tumor with minimal
disturbance to the surrounding neural structures. After precise exposure of the dura mater, a
midline linear incision was first performed, extending from the caudal to the cranial limits of
the tumor (Figure 1). This was followed by two lateral transverse incisions made perpendicular
to the midline cut, both on the same side as the lesion. These transverse incisions were planned
based on the tumor’s position, typically placed just below and above the tumor margins to
provide optimal access. This unique combination of incisions allows for a controlled and
targeted opening, ensuring maximal exposure of the tumor while minimizing unnecessary
disruption to the dura and adjacent tissue. Once the incisions are completed, the dura is
carefully peeled back in a manner akin to opening a book. This “book-like” opening is
deliberate, as it provides wide exposure and clear visualization of the underlying tumor
without needing to extend the incisions more than necessary. The lateral folding of the dura
creates a natural opening that reduces tension and prevents dural retraction into the wound,
a common issue in more traditional midline incisions. This technique ensures that the dura
remains stable throughout the procedure, offering better protection to the spinal cord and
brainstem during tumor resection.

For the closure, a continuous crossed suture technique was employed using 4-0 or
5-0 Prolene (polypropylene) sutures. This method involves passing the suture in a continu-
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ous pattern, crossing over itself with each pass to provide even tension distribution along
the entire dural edge. The crossing of the sutures ensures a watertight closure, crucial in
preventing cerebrospinal fluid (CSF) leaks in the craniovertebral region, where increased
pressure dynamics and proximity to vital structures demand high closure integrity. Prolene,
being a non-absorbable monofilament, offers both strength and durability, significantly
reducing the risk of suture failure or long-term tissue reactions. In cases where the dura was
found to be fragile or when the edges were under excessive tension, a dural patch (such as
DuraGen or a synthetic graft) was used to reinforce the closure. The graft was applied over
the suture line, acting as an additional barrier to prevent CSF leakage while distributing the
mechanical forces evenly across the repair. This additional layer of protection is especially
important in the CVJ], where anatomical constraints and the presence of critical neural
structures increase the complexity of the repair.

Figure 1. Illustration of the proposed novel dural opening technique performed on all study patients.
The modified dural incision is tailored according to the tumor’s preoperative imaging-based location
and size. The figure depicts the sequential steps involved: a midline linear incision and two lateral
transverse incisions on the same side of the lesion, followed by folding of the dural layer in a way
resembling a book.

This modified extended dural opening offers a significant advantage over the tra-
ditional midline incision, especially for IDEM tumors at the CV]. It allows for greater
surgical access with minimal disruption to the surrounding dura and neural structures,
ensuring both complete tumor resection and a secure dural closure. The careful planning
and execution of this technique reduce the risks associated with excessive dural retraction
and CSF leaks, making it a promising alternative to more conventional approaches.

2.4. Outcome Assessment

Pre- and postoperative clinical data were collected and analyzed. Results were assessed
based on objective criteria, including pre- and postoperative imaging, clinical follow-up,
and neuropathological examination of tumor tissue samples.

2.5. Statistical Analysis

Data were analyzed using appropriate statistical methods. Continuous variables were
summarized as mean = standard deviation or median (interquartile range), depending on
their distribution.
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3. Results

The clinical group included eight patients diagnosed with intradural extramedullary
(IDEM) tumors of the craniovertebral junction (CV]), comprising two males and six females,
with a mean age of 53.87 & 8.9 years. The diagnoses were distributed as follows: menin-
giomas (3/8, 37.5%), schwannomas (4/8, 50%), and neurofibroma (1/8, 12.5%). Tumor
locations varied from the foramen magnum to the C2 vertebra (Table 1). The most common
symptoms included paresthesia (5/8, 62.5%) and head or neck pain (5/8, 62.5%). Gait
disturbances were observed in three patients (37.5%), and motor weakness in another three
patients (37.5%).

All patients underwent surgical resection using a posterior midline approach with
a tailored dural opening technique, allowing for complete tumor removal regardless of
the tumor’s location or histological type. A critical aspect of all surgeries was the use of
intraoperative neurophysiological monitoring (IONM), which included somatosensory
evoked potentials (SSEPs) and motor evoked potentials (MEPs). This monitoring played
a key role in safeguarding neurological function during tumor removal, as it provided
real-time feedback on the integrity of sensory and motor pathways, helping to minimize
the risk of intraoperative neural injury. IONM was consistently applied throughout each
procedure to ensure maximum safety, especially given the critical anatomical region of the
CV] and its proximity to vital neural structures. No postoperative complications were noted
at the two-year follow-up, except for a single patient who experienced a cerebrospinal fluid
(CSF) leak, which was successfully managed with lumbar spinal drainage.

In this case, the dural closure was performed using a continuous crossed suture
technique with 4-0 Prolene (polypropylene). This technique involves placing the suture
in a continuous pattern, crossing over itself at each pass to ensure even distribution of
tension along the dural edges. This continuous crossed suture is particularly useful for
providing a watertight closure. Dural fragility and patient comorbidities, such as diabetes,
can play a major role in the development of a CSF leak by affecting tissue healing and the
strength of the dural repair. Diabetes is known to impair wound healing due to factors
like reduced blood supply, decreased collagen production, and altered immune function,
all of which can compromise the integrity of the dural closure. Additionally, conditions
such as hypertension and chronic inflammation can make the dura more fragile and prone
to tearing during surgery. In such cases, even a well-executed closure with continuous
crossed sutures may not be sufficient to prevent leakage if the dura is too friable or unable
to heal properly. These factors likely contributed to the CSF leak observed in this patient,
despite the use of a reinforced closure technique.

Case Illustration

A 56-year-old woman was admitted to our institution due to a sudden onset of right
hemiparesis following three days of neck pain. Upon examination, she exhibited hemi-
hyposthenia (BMRC 3/5), inability to stand or walk, heightened deep tendon reflexes
bilaterally (particularly on the right side), and bladder dysfunction. Additionally, she
displayed nuchal rigidity and positive Kernig and Brudzinski signs. Initial hematological
and coagulation tests yielded unremarkable results, and the patient had no history of
vertebral trauma. Considering the abrupt symptom onset, suspicions arose regarding
either a malignancy or hemorrhage from a vascular malformation. Given the concurrent
presence of meningeal signs, emergency computed tomographic (CT) scanning from the
brain down to the craniovertebral junction (CV]) was conducted. The CT scan revealed
an iso-hyperdense lesion at the CV]. Subsequent T1- and T2-weighted magnetic resonance
imaging (MRI) identified a large anterior, right lateral tumor measuring approximately
1.3 x 1.6 cm at the C1-C2 level. The tumor appeared hyperintense in T2WI and hypointense
in TIWI, exhibiting ring enhancement after gadolinium administration (Figures 2 and 3).
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Figure 2. T2-weighted magnetic resonance imaging (MRI) axial (A) and sagittal (B) images revealing
a large anterior, right lateral tumor measuring approximately 1.3 x 1.6 cm at the C1-C2 level. The
tumor displays hyperintensity in T2-weighted imaging (T2WI).

Figure 3. T1-weighted magnetic resonance imaging (MRI) coronal (A) and sagittal (B) sequences with
gadolinium administration showing the same tumor at the C1-C2 level. The tumor exhibits hypointen-
sity in T1-weighted imaging (T1WI) and displays ring enhancement after gadolinium administration.
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To address this condition, the patient underwent surgery via a posterior approach in
the prone position with her head secured in a Mayfield clamp. The procedure involved a
linear midline incision extending from the inion to C3, avascular muscular detachment,
partial suboccipital craniectomy, and posterior drilling of C1-C2. The dura was opened
using a modified technique, consisting of a linear midline incision and two lateral transverse
incisions on the same side as the lesion (Figure 4).

Figure 4. Intraoperative depiction illustrating the dural opening using a modified technique. The
procedure involves a linear midline incision, and two lateral transverse incisions performed on the
same side as the lesion.

This approach facilitated a safe surgical route despite the tumor’s size, which was
causing gradual spinal cord displacement (Figure 5).

Figure 5. Illustration demonstrating the presence of the intradural extramedullary tumor causing
gradual displacement of the spinal cord. Despite the tumor’s size, the surgical approach facili-
tated a safe route for intervention. Histological examination documented a schwannoma showing
degenerative changes and diffuse hypocellular ischemic areas (ancient schwannoma).
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The surgery concluded without complications or neurological deficits. Postoperatively,
the patient underwent an MRI that indicated the absence of residual lesions (Figure 6).

Figure 6. Sagittal MRI sequences showing the postoperative outcome. Image (A) represents
T2-weighted MRI demonstrating the absence of residual lesions after the surgical procedure.
Image (B) showcases T1-weighted MRI confirming complete resection of the lesion.

At the six-month and two-year follow-ups, there was a remarkable improvement of
right hemiparesis, and the patient was able to walk without assistance.

4. Discussion

Our study offers a detailed account of our single-center experience managing intradu-
ral extramedullary (IDEM) tumors at the craniovertebral junction (CV]) over a three-year
period. It introduces a novel modified dural opening technique that we believe represents
a significant advancement in surgical management for these complex lesions.

The CV] is a region of surgical complexity due to its intricate anatomy and the proxim-
ity of critical neurovascular structures [9,10]. The diversity of IDEM tumors observed in
our study—ranging from meningiomas to neurinomas and metastatic lesions—reflects the
variability in presentation and challenges associated with these lesions. This variability is
consistent with previous literature, which highlights the diverse nature of IDEM tumors
and the need for individualized surgical strategies [3,11].

Despite numerous publications over the past two decades, there remains little con-
sensus or strong evidence on the optimal approach to address anterior and anterolateral
lesions at the CV]. While it may seem intuitive that a more lateral trajectory would move
the brainstem out of the surgical field, these lateral approaches often carry additional risks.
In contrast, we believe that most of these lesions do not require extensive and more invasive
lateral skull base approaches. Our posterior approach, combined with the modified dural
opening technique, can provide sufficient exposure of these lesions while avoiding the need
for more destructive lateral approaches, thereby reducing associated risks and morbidity.
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Various techniques have been described for dural opening, depending on the specific
pathology and surgical goals. One common approach is the standard midline incision,
where the dura is incised along the posterior median line, allowing access to the underlying
neural structures. Another technique is the Y-shaped incision, which provides greater
exposure by creating two diverging flaps, enhancing visualization of the surgical field.
A modified Y-shaped incision, particularly useful in foramen magnum decompression
procedures, can be employed to spare the occipital sinus, as disturbing its flow could lead
to serious neurological sequelae [12]. A more specialized method for removing dumbbell-
shaped spinal tumors involves using separate dural incisions to avoid postoperative CSF
leakage [13]. The dura mater is first opened along the dural theca for adequate visualization
of the intradural portion of the tumor, followed by a second incision along the nerve root
to address the extradural component. In cases requiring minimal dural opening, a keyhole
incision can be used to limit exposure and minimize complications [14]. Each technique is
selected based on the need for decompression, visualization, and minimizing the risk of
CSF leakage or dural damage.

The modified dural opening technique we propose aims to address some of the inher-
ent challenges of CV] surgery. By providing more direct access to lateral and anterolateral
IDEM tumors, this approach minimizes the need for extensive spinal cord retraction. This
could potentially lower the risk of iatrogenic spinal cord injury, a significant concern
in traditional approaches. Previous studies have documented the risks associated with
spinal cord retraction, including neurological deficits and prolonged recovery [15-20]. Our
early results suggest that this novel technique may reduce these risks, as indicated by im-
proved postoperative neurological outcomes and fewer surgical complications compared
to traditional dural opening methods [16,17].

However, the new technique is not without its limitations. The modified dural opening
may offer suboptimal exposure for midline tumors or those with a substantial midline
component. Previous research has shown that midline tumors can present significant
challenges due to their proximity to critical structures [6,18]. Additionally, there is a risk of
cerebrospinal fluid leakage if the dural opening is not meticulously closed, a complication
documented in the literature as a concern in various surgical techniques [16,19]. Thus,
careful patient selection and precise surgical technique are crucial for minimizing these
risks [20,21].

Our findings are consistent with earlier studies that emphasize the importance of
tailored surgical approaches for IDEM tumors at the CV]. For instance, a study by Jung et al.
highlighted the need for individualized planning and surgical techniques to improve
outcomes in similar complex cases [22].

In the clinical study by Kshettry et al. [23], postoperative complications were observed
following median dural opening for IDEM at the CV]. Neurological complications were
noted in 30% of patients, with mild dysphagia in two and dysarthria in one, all of which
resolved during early follow-up. Additionally, cerebrospinal fluid (CSF) leaks occurred
in 10% of cases, requiring reoperation and duraplasty. Medical complications included
deep vein thrombosis in 20% of patients, with one also developing a pulmonary embolus.
Despite these complications, the study reported no worsening of symptoms or neurological
exams during follow-up, and all patients achieved good functional outcomes. These
findings highlight both the effectiveness and potential risks of the median dural opening
technique and emphasize the importance of meticulous closure to minimize complications
like CSF leakage.

Furthermore, a review by Tessitore et al. underscored the benefits of innovative
surgical approaches in reducing complication rates and enhancing tumor resection [24].
Our results align with these findings, supporting the potential of the modified dural
opening technique to advance current practices.

Despite the promising results, further research is necessary to validate the safety and
efficacy of the proposed technique. Multi-center trials with larger sample sizes and longer
follow-up periods will be essential for assessing the long-term outcomes and comparing
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this technique with other surgical methods. Additionally, exploring adjuvant treatments
and incorporating intraoperative neurophysiological monitoring could further optimize
patient care and outcomes [25,26].

Limitations

While our study provides valuable insights into the management of IDEM tumors
at the CVJ and introduces a novel modified dural opening technique, several limitations
must be acknowledged. First, our study is a single-center retrospective analysis, which
may limit the generalizability of our findings. The relatively small sample size and lack
of randomization could introduce selection bias and affect the robustness of our results.
The modified dural opening technique, while promising, is primarily designed to facilitate
resection of laterally positioned tumors. We recognize that its application in cases involving
midline anterior tumors may be limited, as it may not provide optimal exposure for
such tumors, potentially impacting its effectiveness in those cases. Additionally, the risks
associated with extending the durotomy laterally must be considered, including potential
damage to lateral structures and an increased risk of CSF leakage, which could negatively
impact postoperative outcomes. Meticulous closure of the dural opening is essential to
minimize these risks. The short follow-up period of our study also means that long-term
outcomes and potential late-onset complications have not been fully assessed. Future
research, including multi-center trials with larger sample sizes and extended follow-up,
will be essential to validate the safety and efficacy of this technique and to compare it with
other surgical approaches. Addressing these limitations will be crucial for refining our
approach and optimizing patient care in managing IDEM tumors at the CV].

5. Conclusions

Our three-year study on intradural extramedullary tumors at the CV] has led us
to propose a new dural opening technique. Despite their rarity, these tumors can cause
significant neurological issues, highlighting the need for effective surgical strategies.

We have developed a curved incision approach that enhances tumor exposure and
reduces complications compared to traditional methods. A multidisciplinary team and
thorough preoperative imaging are essential for successful outcomes. Further research is
needed to validate our technique, compare it with other methods, and explore additional
treatments. Our findings contribute to a deeper understanding of these tumors and offer a
foundation for future advancements in their management.
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