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Abstract
Introduction: Intradural schwannomas can occur at any level of the spine. According to the literature, approximately 8% of
intradural schwannomas occur in the atlantoaxial spine, and these tumors are usually located in the posterolateral or lateral spinal
cord. In contrast, tumors in the ventral midline of the spinal cord are relatively rare.

Patient concerns: A 47-year-old female presented with progressively worsening neck pain and paresthesias in both upper and
lower limbs for the past 5 years.

Diagnosis:Based onMagnetic Resonance Imaging and histopathological findings, she was diagnosed with ventral midline primary
schwannoma of the cervical spinal cord.

Interventions: The patient was treated with surgical resection.

Outcomes: Follow-up visit at 2 years after the surgery showed that the patient is neurologically intact and free of disease.

Conlusion: In summary, for the tumors in the ventral midline of the atlantoaxial spinal cord, the preferred treatment is complete
surgical resection by the posterior approach compared to the anterior approach, which often improves clinical symptoms or achieves
a healing effect.

Abbreviations: MRI = magnetic resonance imaging, NF = neurofibromatosis.
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1. Introduction

Primary tumors of the spinal cord account for approximately 2%
to 4% of primary tumors of the central nervous system.[1]

According to the location of tumors, they can be divided into
intramedullary, intradural extramedullary and extradural.[2]

Intradural extramedullary tumors are usually benign World
Health Organization (grade I) and mainly comprise schwanno-
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mas, neurofibromas and meningiomas.[3] Schwannomas are the
most common intradural extramedullary spinal tumors, account-
ing for approximately 55% of intraspinal tumors.[4] Intraspinal
schwannomas are predominant between 40 and 60 years old, but
the malignant degree of these tumors has no special relationship
with age.[1] Intradural schwannomas can occur at any level of the
spine. According to the literature, approximately 8% of intra-
dural schwannomas occur in the atlantoaxial spine,[5] and these
tumors are usually located in the posterolateral or lateral spinal
cord. In contrast, tumors in the ventral midline of the spinal cord
are relatively rare.[6] This article reports a case of a ventral
midline schwannoma in the cervical spinal canal. Additionally,
the mechanism, clinical manifestations, imaging features and
treatment methods of schwannomas are reviewed.

2. Case report

A 47-year-old female presented with progressively worsening
neck pain and paresthesias in both upper and lower limbs for the
past 5 years. She had progressive stiffness of all limbs, difficulties
in holding and walking, straining during micturition and
constipation for the past week. Her reflexes were exaggerated
bilaterally in the biceps and triceps brachii in both upper limbs.
The patient also developed hypermyotonia in both the upper

and lower limbs. The upper and lower limb muscle force was
grade III. The Hoffmann sign in both upper limbs and the
Babinski sign in lower limbs were positive. The patient had been
treated for cervical spondylosis, but the symptoms were not
significantly relieved.
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Figure 1. MRI of the cervical spine revealed a C1-C2 ventral midline tumor measuring 3.0�2.0cm. A. T1-weighted image (Axial); B. T2-weighted image and T1-
weighted image (Sagittal); C. Gadolinium enhanced MRI (Coronal). MRI = magnetic resonance imaging.
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Magnetic resonance imaging (MRI) of the cervical spine
revealed a C1-C2 ventral midline tumor measuring 3.0�2.0cm.
The tumor was large, accounting for almost 90% of the volume
of the spinal canal, and the spinal cord was severely compressed
and displaced posteriorly (Fig. 1A). The tumor was hypointense
on T1-weighted images and hyperintense on T2-weighted images
(Fig. 1B), with uneven enhancement on a Gdolinium diethylene-
triamine pentaacetic acid enhanced scan (Fig. 1C).
Preoperatively, we demonstrated the relationship between

blood vessels and the vertebral spine by 3-dimensional Computed
Tomography Angiography of the cervical spine (Fig. 2A).
Moreover, the anatomy of the upper cervical spine was examined
by printing the atlantoaxial spine with 3-dimensional printing
technology (Fig. 2B), which could provide a more accurate
preoperative plan for the surgeon such as the position, diameter,
and length of the pedicle screw and so on, and improve the safety
of the operation.
First, the posterior structure of the atlantoaxial spine was

exposed, and pedicle screw fixation of the atlantoaxial spine was
designed according to the preoperative three-dimensional
printing model to ensure the stability of the atlantoaxial spine
(Fig. 3A). Sufficient decompression was performed during the
operation, including the posterior spinal canal osseous structure
Figure 2. A. Three-dimensional CTA of the cervical spine shows the
relationship between blood vessels and the vertebral spine; B. Printing the
atlantoaxial spine shows the anatomy of the upper cervical spine. CTA =
computed tomography angiography.
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and longitudinal incision of the dura mater. The tumors were
carefully separated from the spinal cord, and the nerve fibers
carrying the tumors were clearly severed (Fig. 3B). The ventral
tumor of the spinal cord was completely removed with the
periphery fibrous capsule (Fig. 3C). The dura mater was sutured,
and the vital signs of the patient were stable during the operation.
The histopathological examination of the specimen showed

features of a schwannoma (Fig. 4A, B). Postoperatively, the
patient’s nerve function recovered well, and her limbs moved
freely. X-ray imaging showed that the cervical spine sequence was
stable, and the internal fixation position was good (Fig. 5A, B)
The MRI showed no recurrence of the tumor 2 years
postoperatively (Fig. 6A, B,C).
Patient has provided informed consent for publication of

the case.
3. Discussion

Intraspinal schwannomas and neurofibromas are classified as
spinal nerve sheath tumors,[7] which are categorized as
neurofibromatosis (NF) and type II (NF2). Schwannomas are
more common in NF2. Ninety percent of schwannomas are
isolated, and 4%of schwannomas are associatedwithNF2, while
the remaining 5% of schwannomas are varied but not related to
NF2.[8] The incidence of NF2 is low, approximately 1/25000–
40000, and NF2 is often accompanied by bilateral vestibular
schwannomas.[9] NF2 is associated with more aggressive
biological behavior of schwannomas, and all young patients
with NF2 often developmultiple schwannomas with a higher risk
of malignant transformation. Fortunately, this patient had an
isolated schwannoma. Schwannomas mainly originate from the
dorsal nerve, but 23% of cervical schwannomas originate from
the ventral nerve roots.[10] All intraspinal schwannomas are
mostly located in the dorsal or anterolateral side of the spinal
cord, but in this article, the tumorwas in the ventral midline of the
spinal cord. This finding suggests an additional origin location for
schwannomas. In the literature, some hypotheses are proposed
for the mechanism of ventral schwannoma in the spinal cord:
(1)
 from the anterior spinal artery through the perivascular
vascular plexus of the spinal cord,[11–14]
(2)
 improper neural crest progenitor cell migration to the central
nervous system parenchyma during the embryonic peri-
od.[11,13,15]



Figure 3. A. After the atlantoaxial fixation was fixed, the dura was exposed. B. The tumor was carefully separated from the spinal cord. C. The tumor was
completely removed with the peripheral fibrous capsule.
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Although schwannomas have a malignant subtype, they are
still considered benign tumors. Spinal canal schwannomas can
occur at any level of the spine, and the incidence increases from
the high neck to the thoracolumbar region. This growth pattern is
related to the following anatomical feature: the nerve root at the
distal end of the spine has a longer intradural composition.[5]

Moreover, according to the site, tumors can be divided into
intradural extramedullary, extradural, intra-extradural (dumb-
bell) and intramedullary tumors.[5] Based on previous reports,
70% to 80% of intraspinal schwannomas occur in the dura, and
approximately 15% in occur other sites. Intramedullary
schwannomas are very rare.[5]

Regarding clinical manifestations, patients may not have any
symptoms at the beginning of their illness. Most patients present
with mild neuroradial pain or paresthesia. Some patients may
develop spontaneous pain, but this issue is uncommon. Tumors
Figure 4. Hematoxylin-eosin (HE) stained photomicrograph (original magni-
fication�200) of the specimen showing the Antoni A areas (consisting of short,
bundled shuttle-shaped cells, with a narrowed nucleus at 1 end, abundant
cytoplasm, faint irritated red, and unclear cell boundary) and Antoni B areas
(cells are sparse and loosely arranged).
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in most patients are accidentally discovered when considering
radiculopathy or spinal cord disease. This patient had been
treated conservatively for cervical spondylosis; however, the
symptoms were not significantly relieved and continued to
worsen. Ultimately, lesions occupying the spinal canal were
uncovered after MRI. Therefore, MRI is preferred in the
diagnosis of schwannomas. Because the vertebral body is not
involved in the early stage of the tumor, it is difficult to find on X-
ray, and CT scans are not as clear as MRI scans. On MRI,
schwannomas usually appear as solid tumors that grow in the
dorsal root zone, showing the displacement of spinal cord, conus
medullaris or filum terminale.[3] Schwannomas are usually
isointense on T1WI and hyperintense on T2WI, and contrast
enhancement is diminished when cystic lesions are present.
Meningiomas are often isointense and hyperintense on T2WI.[16]

We often use this technique to identify these tumors. Since
schwannomas do not usually encompass hemorrhage or
calcification, there is no obvious feature on MRI that can be
differentiated from NF.
For schwannomas treatment, if there are no clinical symptoms,

we can select conservative treatment and check MRI regularly,
Figure 5. X-ray showing that the cervical spine sequence was stable, and the
internal fixation position was good.
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Figure 6. MRI showing that the no recurrence of the tumor 2 years postoperatively. MRI = magnetic resonance imaging.
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considering the benign biological manifestations. For schwan-
nomas with clinical signs or imaging signs of enlargement,
surgical resection is generally performed. Surgical resection can
improve clinical symptoms or achieve a healing effect.[17]

Although the surgical tumor in this case was located in the
middle of the ventral side of the spinal cord, the anterior
approach has considerable problems such as a deep field of view
and insufficient exposure, excessive epidural venous plexus
hemorrhage, inability to ensure postoperative spinal stability and
postoperative cerebrospinal fluid leakage.[18] We used the
posterior approach traditionally[19] and operated as far as
possible from the lateral side of the spinal cord. Additionally, the
posterior arch of the atlas and the vertebral lamina of the axis
were removed, and the lateral block joints on the left side of the
pivotal axis were removed to reduce the irritation to the spinal
cord. To ensure the stability of the atlantoaxial spine, the pedicle
screw fixation of the atlantoaxial spine was performed firstly.
Then the use of drugs such as hormones and dehydration during
slow removal of tumors reduces the risk of ischemia-reperfusion
injury and spinal cord edema after tumor removal. The patient’s
postoperative neurological function recovered well, and the limbs
were normal. For patients with incomplete tumor resection or
malignant schwannomas, postoperative radiotherapy has also
achieved satisfactory results,[20] but the risk associated with
radiation therapy needs to be communicated to patients.
Furthermore, most patients need long-term follow-up after
surgery to prevent tumor progression or recurrence.
4. Conclusion

In summary, the tumors in the ventral midline of the atlantoaxial
spinal cord are relatively rare in contrast to the posterolateral or
lateral spinal cord, the preferred treatment is complete surgical
resection by the posterior approach compared to the anterior
approach, which often improves clinical symptoms or achieves a
healing effect. At the same time, adequate preoperative
preparation will maximum improve the safety and the success
of the surgery.
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