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Retrospective Study
Surgical resection of intradural extramedullary tumors in the atlantoaxial spine via a posterior approach
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Abstract
BACKGROUND
[bookmark: _Hlk87720511]The anatomical features of the atlantoaxial spine increase the difficulty of complete and safe removal of atlantoaxial intradural extramedullary (IDEM) tumors. Studies concerning surgical interventions via a posterior approach are limited.

AIM
To investigate the safety and efficacy of atlantoaxial IDEM tumor resection using a one-stage posterior approach.

METHODS
[bookmark: _Hlk87719558]We retrospectively analyzed clinical databases for one-stage atlantoaxial IDEM tumor resection via a posterior approach between January 2008 and January 2018. The analyzed data included tumor position, histopathological type, pre- and post-operative Japanese Orthopedic Association (JOA) scores and Nurick grades, postoperative complication and recurrence status.

RESULTS
A total of 13 patients who underwent C1-C2 Laminectomy and/or unilateral facetectomy via the posterior approach were enrolled in the study. In all cases reviewed, total tumor resection and concomitant C1-C2 fusion were achieved. The average follow-up was 35.3 ± 6.9 mo (range, 26-49 mo). A statistically significant difference was noted between the preoperative JOA score (11.2 ± 1.1) and the score at the last final follow-up (15.6 ± 1.0) (P < 0.05). A statistically significant difference was noted between the preoperative Nurick grade (2.3 ± 0.9) and that at the last follow-up (1.2 ± 0.4) (P < 0.05). However, no statistically significant difference was noted between the preoperative and last follow-up C1-2 Cobb angle and C2-7 Cobb angle (P > 0.05). No mortalities, severe complications or tumor recurrence were observed during the follow-up period. 

CONCLUSION
Total resection of atlantoaxial IDEM tumors is feasible and effective via a posterior approach. Surgical reconstruction should be considered to avoid iatrogenic kyphosis and improve spinal stability and overall clinical outcomes.
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Core Tip: This retrospective study investigated the safety and efficacy of atlantoaxial intradural extramedullary (IDEM) tumor resection using a one-stage posterior approach. Statistically significant differences were noted between the preoperative Japanese Orthopedic Association (JOA) score and Nurick grade and those at the last follow-up (JOA: 11.2 ± 1.1 vs 15.6 ± 1.0; Nurick grade: 2.3 ± 0.9 vs 1.2 ± 0.4; all P < 0.05). No mortalities, severe complications or tumor recurrence were observed during the follow-up period. Total resection of atlantoaxial IDEM tumors is feasible and effective via a posterior approach.

INTRODUCTION
Intradural extramedullary (IDEM) tumors have an incidence rate of approximately 5 to 10 per 100,000 people[1]. IDEM tumors in the atlantoaxial spine are uncommon and present with progressive pain and neurological deficits. With advances in surgical technology, the management of these tumors has shifted toward radical resection with decompression of surrounding neural structures[2]. The odontoid process and lack of bony foramen make the anatomical characteristics of the atlantoaxial spine uniquely complex, thus making surgical approach for the treatment of an atlantoaxial IDEM tumor both difficult and controversial. Commonly used surgical strategies include the anterior or anterolateral approach, posterior approach, or combined anterior-posterior approach. The anterior or anterolateral approach has been reported to facilitate easy access to lesions located anterior to the atlantoaxial spine[3]. However, the operation fields of these approaches are deep and narrow and require the resection of vital components of the atlantoaxial spine. The prolonged surgical time of the combined anterior-posterior approach has been linked to iatrogenic traumatism[4]. The posterior approach is the most widely used. However, there is no general consensus regarding the surgical outcome. The objective of this study was to evaluate the safety and efficacy of atlantoaxial IDEM tumor resection via a one-stage posterior approach.

MATERIALS AND METHODS
We retrospectively searched the clinical databases of the First Affiliated Hospital of Guangxi Medical University over a period of ten years (January 2008 to January 2018) for patients who underwent atlantoaxial IDEM tumor resection via a one-stage posterior approach. The study was approved by the Ethics Committee of the First Affiliated Hospital of Guangxi Medical University (No. 2020-KY-NSFC-025), and all participants provided written informed consent. Patients were included in the study if (1) age > 18 years; (2) atlantoaxial IDEM tumor was confirmed by magnetic resonance imaging; (3) underwent standard open IDEM tumor resection via a one-stage posterior approach; and (4) postoperative histopathological studies of surgical samples confirmed IDEM tumor diagnosis. The exclusion criteria were as follows: (1) preoperative, intraoperative or postoperative diagnosis of non-IDEM tumor; (2) patient with history of cervical spine surgery; (3) patient with congenital atlantoaxial anomalies; and (4) patients with incomplete pre- and postoperative data.

Surgical techniques
Following the induction of general anesthesia, a patient was placed in a prone position, and a longitudinal midline incision was made. Paravertebral soft tissues were then dissected to expose the occiput, posterior arch of C1, and spinous process and lamina of C2. The inferior part of the C1 posterior arch and the superior part of the C2 Lamina were then drilled off according to the location of the lesion. In some cases, the facet joint may be unilaterally removed to expose the tumor and protect the spinal cord. In the case of dumbbell tumors, the extradural components were first removed, and the intradural procedure was performed following the exposure of the dura mater. All tumor resections were performed using standard microsurgical techniques, and the dura mater was closed using running sutures with 4-0 Nurolon. This procedure is followed by spinal instrumentation and fusion. Under fluoroscopic guidance, C1 Lateral mass screws and C2 pedicle screws were fixed followed by grafting with cancellous bone granules between the C1 and C2 vertebrae.

Assessment of the surgical outcome
Nurick grade and Japanese Orthopaedic Association (JOA) score were used to evaluated preoperative and follow-up symptoms[5,6]. The intra- and postoperative reviewed data included lesion level, operation time, surgery-related complications, histopathological type and tumor recurrence.

Assessment of the spinal alignment
The following preoperative, postoperative and last follow-up parameters were measured on radiographs: (1) C1-2 Cobb angle: the angle between the line connecting the superior margins of the anterior and posterior arches of C1 and another line along the inferior endplate of C2[7], and (2) C2-7 angle: the angle between the lines along the inferior endplate of C2 and C7 vertebrae[8]. The C1-C2 and C2-C7 cervical lordosis were expressed as positive values.

Statistical analysis
Data collected for the assessment of pre- and postoperative spinal alignment and surgical outcomes, including the Nurick grade, JOA score, C1-2 angle and C2-7 angle, were analyzed using paired t tests for statistical significance. All statistical analyses were performed using SPSS version 13.0 (SPSS, Inc., Chicago, IL, United States), with a P value < 0.05 considered statistically significant.

RESULTS
A total of 13 patients (6 males and 7 females) with an average age of 49.3 years (range 29-66 years) were enrolled for this study (Table 1). The mean follow-up period was 35.3 mo and ranged between 26 and 49 mo. The tumor location was at the C1-C2 Level in 8 patients, the occiput-C1 Level in 3 patients, and the occiput-C2 Level in 2 patients. The maximum tumor diameter within the spinal canal ranged between 5 and 11 mm with a mean of 8.7 mm. All patients reviewed were symptomatic: 2 patients presented with occipital neuralgia, 7 patients presented with extremity pain and/or numbness, and 4 patients presented with clumsiness of the upper extremities. The average duration from onset of initial symptoms to surgery was 10 mo (range 2-18 mo). The histopathological studies confirmed 5 cases as meningiomas, 6 as schwannomas, and 2 as neurofibromas.
[bookmark: OLE_LINK1]In all cases, the atlantoaxial IDEM tumors were successfully removed via a one-stage posterior approach (Figures 1 and 2). The surgical time ranged from 121-368 min with an average of 205 ± 85 min and an average intraoperative blood loss of 263 ± 155 mL (range 150-650 mL). Total resection and C1-C2 fusion were successfully performed in all the reviewed cases, among which 8 were treated with C1-C2 Laminectomy and 5 with C1-C2 Laminectomy and unilateral facetectomy. With the exception of 2 patients who developed cerebrospinal fluid (CSF) leakage, no major surgery-related complications or deaths were observed. CSF leakage was successfully treated using neck wrapping and strict bed rest. No tumor recurrence or surgical revision was observed during the follow-up period. Significant improvements in the JOA score and Nurick grade were noted (Figures 3 and 4). The JOA score increased from 11.2 ± 1.1 to 15.6 ± 1.0, while the Nurick grade improved from 2.3 ± 0.9 to 1.2 ± 0.4. There were statistically significant differences between the preoperative and postoperative JOA scores and Nurick grade (P < 0.05). This suggests significant postoperative benefits of the one-stage posterior approach resection of IDEM tumors. The mean preoperative C1-2 Cobb angle and C2-7 Cobb angle were 25.7 ± 8.1° and 14.8 ± 15.3°, respectively. At the last follow-up, the mean C1-2 Cobb angle increased to 27.2 ± 6.8°, whereas the C2-7 Cobb angle decreased to 16.5 ± 12.7°. However, the difference was not statistically significant (P > 0.05).

DISCUSSION
Although the atlantoaxial spine accounts for approximately 14% of all spinal cord tumors[9], there are still limited published reports about its clinical features and overall postoperative outcome. The atlantoaxial spine has specific anatomical complexities not found at the other spinal levels. Thus, a detailed understanding of this condition is paramount for safe and efficient surgical intervention of tumors located at this level. In this study, all patients underwent a one-stage posterior approach, and our results demonstrate that this approach provided the adequate exposure required for safe and complete tumor resection. The results also revealed an improved overall postoperative neurological function at the last follow-up.
Currently, the various surgical approaches employed for the resection of atlantoaxial IDEM tumors include anterior, anterolateral, posterior and combined anterior and posterior approaches. The anterior approach provides the most direct access to intradural lesions ventral to the craniocervical junction. Thus, the procedure is advantageous for the exposure of ventral IDEM tumors without the need for extensive manipulation of the cervical spinal cord. However, the available surgical corridor is narrow and shallow, and access to lateral masses is limited[10]. Therefore, this approach is infrequently used for intradural tumor resections and has been used for the removal of small lesions ventral to the mid-portion of the atlantoaxial spine without spinal cord compression[11,12]. However, there is an increased difficulty in achieving watertight closure of the dura mater. Posterior approach atlantoaxial IDEM tumor resection is a familiar, low-risk procedure used by spine surgeons. In most instances, adequate exposure can be attained using the standard posterior approach with laminectomy. In addition, the standard posterior approach allows for direct ventral canal access via the removal of lateral bone structures, such as facet joints, or part of the pedicle. The cervical spinal cord is more susceptible to intraoperative damage; therefore, there is the need to secure a wide operative field to allow for gentle maneuvering of the spinal cord. Successful cervical tumor resection includes successful gross total tumor resection, and gentle manipulation of the spinal cord can help minimize postoperative neurological deficits and maximize postoperative neurological symptom recovery[13]. In this study, the surgical technique used in all patients included C1-C2 Laminectomy, which was occasionally combined with unilateral facetectomy on the tumor side. This process provides sufficient extraspinal and intraspinal access for tumor excision and produces satisfactory postoperative outcomes. Our results showed that atlantoaxial IDEM tumors smaller than 10 mm, even those located ventral to the spinal canal, can be safely and completely removed via posterior approach laminectomy and/or unilateral facetectomy.
The development of postlaminectomy kyphosis following cervical IDEM tumors resection is a relatively common problem with a reported incidence rate between 24% and 75%[14,15]. However, the incidence of craniocervical instability or deformity in relation to C1-C2 Laminectomy has not been reported[16-19]. Increased risk of postoperative deformity have been reported to correlate with C2 Laminectomy[15], facet joint damage[20], and preoperative loss of cervical lordosis[21]. Additionally, there are reported cases of intraspinal tumors causing preoperative spinal deformities[22]. Thus, an inevitable risk of postoperative atlantoaxial instability and/or deformity is noted following C1-C2 Laminectomy.
Several studies have reported postoperative atlantoaxial instability and postlaminectomy kyphosis following posterior decompression of atlantoaxial spinal pathologies[23-25]. Currently available studies of cadavers of animals and humans point to the C2 Lamina and facet joints being of prominent importance in the maintenance of cervical stability, especially of the atlantoaxial spine[26-28]. However, it remains controversial whether internal fixation and fusion of the atlantoaxial spine should be performed after C2 Laminectomy or facetectomy. McCormick et al[29] and Jiang et al[30] reported upper cervical instability following resection of greater than 50% of the unilateral facet joint. These researchers suggested spinal reconstruction following the resection of greater than 50% of the unilateral facet joint. To obtain sufficient space for tumor removal, the posterior arch of C1 and lamina of C2 were resected and occasionally combined with unilateral facet joint resection followed by overturning of the spinal cord in the present study. Adequate stabilization was achieved by posterior fixation and fusion using an autologous bone graft. During the long follow-up periods, no cervical spine deformity was observed in any of the cases. Prevention of postlaminectomy deformity is an important consideration in preoperative surgical planning. Therefore, in cases where C1-C2 Laminectomy was performed or the facet joint was destroyed, we recommend the concomitant application of surgical fusion after resection of atlantoaxial IDEM tumors. It is our understanding that this is an effective surgical option for improving the functional status, quality of life, and preservation of sagittal alignment in postoperative IDEM tumor patients.
There are several limitations in this study. First, this is a single-center study with a relatively small study population. Future studies are warranted to confirm our results. Second, this was a retrospective study, which may introduce the potential for information bias. Finally, the average follow-up period of 35 mo was too short to completely understand postoperative cervical stability and sagittal balance.

CONCLUSION
Total resection of atlantoaxial IDEM tumors can be safely and effectively resected via one-stage posterior approach laminectomy and/or unilateral facetectomy. For longer stability and better clinical outcomes, spinal reconstruction should be considered to prevent iatrogenic kyphosis.
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Research perspectives
The goal of new surgical treatments is to reduce the incidence of cerebrospinal fluid leakage and relieve injury to patients.

Research conclusions
Total resection of atlantoaxial intradural extramedullary (IDEM) tumors is feasible and effective via a posterior approach.

Research results
A statistically significant difference was noted between the preoperative Japanese Orthopedic Association score (11.2 ± 1.1) and the score at the last final follow-up (15.6 ± 1.0) (P < 0.05). A statistically significant difference was also noted between the preoperative Nurick grade (2.3 ± 0.9) and that at the last follow-up (1.2 ± 0.4) (P < 0.05). However, no statistically significant difference was noted between the preoperative and last follow-up C1-2 Cobb angle and C2-7 Cobb angle (P > 0.05). No mortalities, severe complications or tumor recurrence were observed during the follow-up period.

Research methods
This was a retrospective study of 13 patients who underwent atlantoaxial IDEM tumor resection via a posterior approach.

Research objectives
To investigate the efficacy of surgical resection for atlantoaxial IDEM tumors and its influencing factors.

Research motivation
To explore the safety and feasibility of atlantoaxial IDEM tumor resection.

Research background
IDEM tumors in the atlantoaxial spine are uncommon and present with progressive pain and neurological deficits.
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Figure Legends
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Figure 1 This 29-year-old male patient experienced a significant deterioration in his neurological condition and was unable to walk after 3 mo (Case 2). A: Preoperative sagittal enhanced magnetic resonance imaging (MRI): an intradural extramedullary tumor located anterior to the atlantoaxial spinal cord; B: Preoperative coronal enhanced MRI: an intradural extramedullary tumor extending into the spinal canal at C1-C2 Levels; C, D: 3 mo and 31 mo postoperative sagittal T2-weighted MRI showing complete tumor resection; E: Preoperative X-ray: cervical sagittal alignment shows a loss of cervical lordosis; F, G, H: 3 mo, 18 mo and 31 mo postoperative X-ray: C1-C2 fixation with cervical pedicle screws and titanium plates.
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Figure 2 This 48-year-old female patient experienced a significant deterioration in her neurological condition (Case 8). A: Preoperative sagittal enhanced magnetic resonance imaging (MRI): an intradural extramedullary tumor located anterior to the atlantoaxial spinal cord; B: Preoperative coronal enhanced MRI: an intradural extramedullary tumor extending into the spinal canal at C1-C2 Levels; C, D: 3 mo and 38 mo postoperative sagittal T2-weighted MRI showing complete tumor resection; E: Preoperative X-ray: cervical sagittal alignment shows a loss of cervical lordosis; F, G, H: 3 mo, 24 mo and 38 mo postoperative X-ray: C1-C2 fixation with cervical pedicle screws and titanium plates.
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Figure 3 The Japanese Orthopedic Association score before and after surgery in all cases. JOA: Japanese Orthopedic Association.
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Figure 4 The Nurick grade before and after surgery in all cases.








Table 1 The clinical data of the patients with intradural extramedullary tumor in the atlantoaxial spine
	Patient
	Gender
	Age (yrs)
	Affected level
	Location
	Tumor type
	Tumor size (mm)
	Complication
	Follow up (mo)

	1
	F
	54
	Occiput-C1
	Ventral
	Meningioma
	7
	
	41

	2
	M
	29
	Occiput-C2
	Ventrolateral
	Schwannoma
	11
	CSF leaks
	31

	3
	M
	57
	C1-C2
	Ventral
	Meningioma
	8
	
	28

	4
	F
	37
	C1-C2
	Ventral
	Schwannoma
	7
	
	34

	5
	F
	51
	C1-C2
	Ventrolateral
	Schwannoma
	7
	
	42

	6
	M
	39
	Occiput-C1
	Ventral
	Meningioma
	6
	
	32

	7
	M
	61
	C1-C2
	Ventrolateral
	Neurofibroma
	8
	
	26

	8
	F
	48
	Occiput-C2
	Ventrolateral
	Schwannoma
	10
	
	38

	9
	F
	45
	C1-C2
	Ventral
	Neurofibroma
	6
	
	42

	10
	M
	59
	Occiput-C1
	Ventral
	Meningioma
	7
	CSF leaks
	36

	11
	F
	43
	C1-C2
	Ventrolateral
	Schwannoma
	5
	
	49

	12
	M
	66
	C1-C2
	Ventrolateral
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Pre: preoperative; post: postoperative; tumor size; maximum diameter within the spinal canal; CSF: cerebrospinal fluid.
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