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Abstract
BACKGROUND
Cervical spondylectomy for the treatment of cervical tumors is traumatic, causes bleeding, and is risky. This study reports on the experience with minimally invasive cervical spondylectomy for a cervical metastasis and reviewed the literature on cervical spondylectomy. The purpose was to reduce the risk and trauma of spondylectomy.

CASE SUMMARY
[bookmark: _Hlk58249780]A 60-year-old woman presented with cervical pain and radiating pain in the left upper limb for more than 2 mo. Preoperative diagnosis was C4 metastasis of thyroid cancer. Preoperative visual analogue scale score was 5. American Spinal Cord Injury Association (ASIA) grade was E. Tomita classification was 7. Weinstein-Boriani-Biagini (WBB) classification was A-D, 3-9. Tomita score was 5. Modified Tokuhashi score was 9. Spinal instability neoplastic score (SINS) was 13. The patient underwent minimally invasive cervical spondylectomy on September 28, 2017. The operative time was 200 min; the estimated blood loss was 1200 mL. The operation was successful, without complications. The postoperative visual analogue scale score was 0. The patient remained classified as ASIA grade E at the last follow-up. She accepted regular iodine-131 therapy postoperatively. The serum thyroglobulin (Tg) level of this patient was 299.02 ng/mL at 1 mo after the operation and was 13.57 ng/mL at the last follow-up. There was no local recurrence at the 25-mo follow-up, according to images, single-photon emission computed tomography, and serum Tg levels. Obvious ossification and solid fusion of C3-C5 were found at the last follow-up.
[bookmark: _GoBack]
CONCLUSION
Minimally invasive cervical spondylectomy with tubular retractor could minimize soft tissue trauma, intraoperative traction injury, and paraspinal muscle injury, accelerating postoperative recovery. This technique requires a rich experience in cervical spine surgery with tubular retractors, so that surgeons can visualize the anatomical structure in a small field.
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Core Tip: Cervical spondylectomy for the treatment of cervical tumors is traumatic, causes bleeding, and is risky. We report a case of 60-year-old woman with C4 metastasis of thyroid carcinoma after thyroidectomy. The patient underwent minimally invasive spondylectomy through tubular retractors. The purpose of the procedure was to reduce surgical trauma and risks. After the operation, the patient was treated with iodine-131. There was no local recurrence, and achievement of solid fusion was detected at last follow-up. This study shows that minimally invasive spondylectomy is feasible in patients who are not candidates for total en bloc spondylectomy, and could reduce the surgical trauma and risks.

INTRODUCTION
Following the lung and liver, the skeletal system is the third most common site of metastases. Within the skeletal system, the spine is the most common site of metastases[1,2]. The metastatic spinal level is reportedly 32.76%-71.6% at the thoracic vertebra, 25.17%-60% at the lumbar spine, 8.10%-22.9% at the cervical spine[3,4]. Surgical intervention is indicated for metastatic lesions causing neurologic compression, instability, and rapid deterioration of function. There are many surgical methods for cervical metastasis. 
Wright et al[5] reported a total of 2148 patients with spinal metastases. The extent of surgical resection resulted in the following: cementoplasty (1.9%), palliative decompression (49.3%), piecemeal debulking (27.6%), piecemeal vertebrectomy (6.3%), en bloc intralesional resection (7.0%), and en bloc extralesional resection (7.8%). The spinal instability neoplastic score (commonly known as SINS) score, Tokuhashi scores, and Tomita scores serve as useful guides for evaluating prognostic factors and helping formulate an appropriate plan[6-8]. A comprehensive multimodal approach designed for different individuals will prove to be the best strategy for the surgical management of cervical spine malignancies[9]. 
Tubular retractors have been used in the facetectomy or transpedicular corpectomy with reconstruction for the treatment of lumbar or thoracic spine metastasis[10-13]. Reports of such, however, described only palliative treatments for the tumor. Here, we report our experience with the surgical method of minimally invasive cervical spondylectomy in a case presenting with neurologic symptoms progression due to a C4 metastatic tumor.

CASE PRESENTATION
Chief complaints
A 60-year-old woman presented with complaint of cervical pain and radiating pain in the left upper limb lasting for more than 2 mo.

History of present illness
The patient was found to have a C4 tumor upon performance of radiography of the cervical spine on July 24, 2017. A computed tomography (CT)-guided biopsy confirmed the diagnosis of follicular thyroid carcinoma-spinal metastasis on July 29, 2017. Thyroid carcinoma was diagnosed by ultrasound on August 2, 2017. Then, the patient was treated with thyroidectomy on August 14, 2018. The patient was transferred to our hospital after the operation.

History of past illness
The patient had been diagnosed with right eye hemangioma 2 years prior and back lipoma 5 years prior. She had no history of other illnesses. She had no known allergies.

Personal and family history
The patient had no pertinent family history.

Physical examination
The patient had radiating pain in the right upper limb. The rest of the limbs were normal. Pathological signs were negative. Preoperative visual analogue scale (VAS) score was 5. American Spinal Cord Injury Association (ASIA) grade was E.

Laboratory examinations
Findings of all routine laboratory tests were within normal range.

Imaging examinations
Radiography of the cervical spine showed disappearance of the C4 vertebral body. CT showed an osteolytic lesion at the C4 vertebral body and a left mass (Figure 1A). The right vertebral artery (VA) was severely compressed (Figure 1B). Magnetic resonance imaging (MRI) showed a tumor with an identical signal at the C4 vertebral body and left mass. The lesion protruded into the spinal canal and caused spinal cord compression at the C4 segment (Figure 1C and D). Three-dimensional (3D) cervical modeling based on CT images revealed the lesion and allowed for a surgical plan to be made (Figure 1E).
Single-photon emission computed tomography showed a C4 metastatic tumor and multiple punctate calcifications in the right lung. Tomita classification was 7. Weinstein-Boriani-Biagini (WBB) classification was A-D, 3-9. Tomita score was 5. Modified Tokuhashi score was 9. Spinal instability neoplastic score (SINS) was 13.

FINAL DIAGNOSIS
C4 metastasis of thyroid carcinoma due to the outcome of a cervical biopsy.

TREATMENT
The C4 metastasis of thyroid carcinoma had reduced the stability of the cervical spine and compressed the nerves. There was a risk of further damage to the spinal cord without operation. Therefore, we decided to perform a minimally invasive spondylectomy to remove the tumor, relieve neurological symptoms, and rebuild cervical spine stability.
The patient was placed in a supine position with the neck slightly extended. The levels of C3-C5 were marked via intra-operative lateral C-arm radiography. A right-sided approach with a 5-cm transverse incision was implemented. The front of the C4 vertebral body was exposed through blunt dissection between the trachea and carotid. The initial dilator was inserted into the wound between the fingers to palpate the bony anatomy, and fluoroscopy was used to identify the position. Following sequential dilation, a tubular retractor was introduced and docked at the level of C4. Then, the retractor was locked in place with the flexible arm anchored to the operating table’s side rail. Once the proper placement of the tubular retractor was confirmed with fluoroscopy, the blades were retracted in the vertical axis. Then, the sliding rivet retractor was deployed to open up the deep blades and obtain an adequate field of view. 
Two screws, which were used to fix the tubular retractor, were inserted into the C3-C5 vertebral bodies through the lateral hole of the retractor. The trachea, gullet, and carotid were protected with additional retractors. The C4 vertebral body and bilateral mass were resected in a piecemeal fashion. The bilateral VA and dural sac were exposed and protected. A 3D-printed artificial vertebral body was fitted into the site of the C4 vertebral body and checked. An anterior plate was ﬁxed with four bicortical screws. This resulted in a rigid and stable lordotic construction. 
The posterior procedure was performed through a midline incision in line with the C3-C5 spinous processes. The incision was 3 cm in length, to accommodate the diameter of the tubular retractors. The fascial incision was equivalent in length and placed at the midline. The spinous processes were exposed through the midline incision. Then, the paraspinal muscles were bluntly dissected to the outer edge of the facet joints. The tubular-like anterior method was deployed and conﬁrmed with ﬂuoroscopy. The dilator was placed at different angles to facilitate proper access for the posterior elements. Piezosurgery and an osteotome were used to cut the posterior element into approximately four to five blocks. These posterior elements were removed one by one. Navigation-assisted lateral mass screw fixation was performed on C3-C5. Intraoperative specimens were sent for pathological examination.
The operative time was 260 min; the estimated blood loss was 1800 mL. The patient was allowed to get up 3 d after operation under the protection of a cervical collar. She accepted regular iodine-131 therapy after the operation.

OUTCOME AND FOLLOW-UP
The operation was successful, without complications. The pathological diagnosis was metastatic thyroid carcinoma. Postoperative fluoroscopy, CT, and MRI showed that the tumor and C4 vertebra had been wholly resected (Figure 2A). The physiological curvature and stability of the cervical spine were satisfactory. Postoperative VAS score was 0. The patient remained classified as ASIA grade E at the latest follow-up and achieved pain relief and normal activity. Obvious ossification around the artificial vertebra was shown on postoperative CT, and solid fusion of C3-C5 was found to have been obtained at 25-mo follow-up (Figure 2B). MRI showed no compression of the spinal cord (Figure 2C). Increased serum thyroglobulin (Tg) levels are a sign of differentiated thyroid cancer recurrence or metastasis[14]. The serum Tg levels of this patient are shown in Figure 3.

DISCUSSION
Generally, surgical resection with a wide margin in accordance with Enneking’s principles of musculoskeletal tumor resection is the most appropriate management for cervical tumors[15]. Tomita et al[16,17] described total en bloc spondylectomy (TES) for malignant vertebral tumors in 1997. TES demanded removal of the tumor in its entirety in one piece, together with a layer of healthy tissue. The method required that the tumor be confined to the vertebral body. This method is still technically challenging in the cervical spine and has high incidence of complications[18]. Several reports have described experiences with TES for cervical lesions, most of which have been case reports. 
Currier et al[19] reported a case of C5 chordoma treated successfully with TES, preserving the vertebral arteries and neural structures. Many surgeons believe that this was not true TES because the entire tumor was destroyed when the VA was preserved. Rhines et al[20] presented a case of an extensive upper cervical chordoma treated with TES, reconstruction, and long-segment stabilization. They sacrificed the right C2-C4 nerve roots and the right VA to perform TES. Hoshino et al[21] retrospectively analyzed 15 patients with cervical tumors. All of them underwent unilateral VA ligation during surgery, and none of them experienced complications. Wang et al[22] presented 4 patients with multilevel cervical chordomas who underwent parasagittal osteotomies and en bloc resection. Cervical nerve roots were sacrificed in 2 patients, and unilateral VA ligation and sacrifice were performed in 3 patients. They reported that if VA sacrifice is to be performed, cerebral angiography and temporary balloon occlusion tests are recommended to evaluate the dominant VA and the posterior cranial circulation. The C1-C4 nerve roots can generally be ligated without significant morbidity or weakness. When possible, the nerve roots of C5 and below should be preserved to maintain the deltoid and biceps[23].
Boriani et al[24] reported a retrospective study of 134 patients. The rate of complications was 34.3%. Local recurrence was recorded in 15.7%. Igarashi et al[25], limited their study to only metastatic spinal tumors and showed that the local recurrence rate after frozen autograft TES was 11.0%. A history of radiotherapy was the only risk factor for local recurrence. The primary cancer type was considered the most important factor that affects prognosis. Kato et al[26] reported that patients in the complete excision group survived significantly longer than those in the incomplete excision group. Yang et al[27] reported the overall local recurrence rate was 17.3%. The perioperative mortality rate was 0.9%. The complication-related mortality rate was 1.8%. The rates of overall complications and major complications were 41.8% and 20.9%. Wright et al[5] reported the overall survival rates after surgery were 53% at 1 year, 31% at 2 years, and 10% at 5 years after surgery. There was longer survival in patients who underwent surgery in 2011-2016 compared with those who underwent surgery in earlier periods. In conclusion, total spondylectomy, early treatment, and chemoradiotherapy were beneficial for reducing local recurrence and prolonging survival. Reducing operative trauma and time was beneficial for reducing complications.
Tubular surgery has the advantages of reducing invasion, blood loss, cervical paraspinal muscle injury, perioperative pain, and length of hospital stay. There have been few reports published on the use of tubular retractors in cervical spine surgeries. Mikhael et al[28] reported that multilevel foraminotomy and instrumented fusion using lateral mass screw fixation could be safely accomplished with tubular retraction systems. Uehara et al[29] reported mini-open foraminotomy for cervical radiculopathy by using either large tubular or TrimLine retractors, which is minimally invasive and effective. It could also reduce operative risks associated with anterior exposure, including the recurrent laryngeal nerve injury, trachea injury, esophagus injury, carotid sheath injury, and thoracic duct injury. Kulkarni et al[30] reported minimally invasive anterior cervical discectomy fusion and anterior cervical corpectomy fusion with a tubular retractor using a single incision.
The patient in the present case was treated with total piecemeal spondylectomy because the tumor was not confined in the vertebra and invaded the neural foramen and spinal canal. The minimally invasive operation not only relieved the symptoms but also shortened the hospital stay and bedridden time.

CONCLUSION
Minimally invasive cervical spondylectomy with tubular retractor could minimize soft tissue trauma, intraoperative traction injury, and paraspinal muscle injury. As such, it accelerates postoperative recovery and reduces complications. This technique requires a rich experience in cervical spine surgery with tubular retractors, so that surgeons can visualize the anatomical structure in a small field. With the development of microscopy and endoscopy technology, minimally invasive cervical spondylectomy will be more useful and safer.
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Figure Legends
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Figure 1 Imaging changes of C4 vertebra before treatment. A: Sagittal computed tomography (CT) showed the metastasis at the C4 vertebral body and cervical kyphosis; B: The coronal CT showed the right vertebral artery (VA) was compressed by the tumor; C: Sagittal magnetic resonance imaging (MRI) showed the lesion protruded into the spinal canal and caused spinal cord compression at the C4 segment; D: Coronal MRI showed the lesion caused spinal cord and right VA compression; E: The three-dimensional printed model shows here the location and extent of the tumor.
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Figure 2 Imaging changes of cervical spine after operation. A: Computed tomography (CT) reconstruction at 1 wk after operation showed the total C4 vertebra was removed and cervical kyphosis was corrected; B: CT reconstruction at 2 years after operation showed obvious ossification around the artificial vertebral body and solid fusion of C3-C5 had been achieved; C: Sagittal magnetic resonance imaging at 2 years after operation showed the spinal cord was normal and had no compression.


Figure 3 Level changes of serum thyroglobulin at different times through the case management. 
Tg level(ng/ml)	peroperation	1 month postoperation	1 year	2 years	357.43	299.02	14.81	13.57	
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