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Nine-segment laminectomy is safe for the resection of a schwannoma extending 
from C-2 to T-3: a rare case report
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ABSTRACT
Cervical spine schwannoma, which is long and entirely intracanal, is rare to be found. 
Its rarity and atypical feature leads to difficulty in diagnosing and managing cases 
because of the scarcity of available literature. The surgical removal of this type of 
schwannomas via multisegment laminectomy is a great challenge because of various 
risks of postoperative complications. This report describes cervical spine schwannoma 
that was initially was not suspected as schwannoma and was subject to surgical 
removal via nine-segment laminectomy. In one year after surgery, motor function 
returned to normal strength, no new neurological deficits occurred, and no kyphotic 
deformity, which is a common complication of multisegment laminectomy.
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Spinal schwannoma originates from Schwann 
cells in the spinal nerve root and grows along the 
affected nerve.¹ In the cervical spine (C-spine), 
intradural nerve roots are short, and they immediately 
enter the intervertebral foramen. Therefore, 
schwannomas in the C-spine tend to be dumbbell-
shaped tumors. Schwannomas that are entirely in 
the intraspinal canal of the C-spine and extending by 
more than three vertebral segments are rare entities. 
However, the incidence and prevalence of C-spine 
schwannomas with a length of more than nine spinal 
segments are unknown. To date, only three reports 
have presented spinal schwannomas with more than 

nine spinal segments affected with each report only 
describing one case.²⁻⁴

The rarity of this case and studies discussing it, 
leads to difficulty in its diagnosis and management. 
The resection of long tumors in the cervicothoracic 
spine and significant compression to the spinal 
cord with multisegment laminectomy remains 
challenging because of various risks of postsurgical 
complications.²,⁵,⁶ This report shows a case of a spinal 
schwannoma which covered nine vertebral levels. 
We also described the challenges in establishing the 
diagnosis and selection of a safe and effective surgical 
technique with one year of follow-up after surgery.
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CASE REPORT

A 53-year-old woman, who gave consent to 
demonstrate her case, presented with an inability to 
walk without assistance and preceded by radicular 
neck pain and progressive weakness of the upper 
and lower extremities for the last 9 months. Physical 
examination showed the weakness on both sides of 
the arms and legs with a motor strength of 3 (motor 
strength ranges from 0 to 5; 0 is complete paralysis, 
and the normal motor strength is 5), numbness below 
bilateral clavicles matching with the hypoesthesia 
below C4 dermatome. Hyperreflexia and Babinski 
sign were also found on the legs that signified an 
upper motor lesions. The Nurick grade was 4, and the 
Japanese Orthopedic Association (JOA) score was 
9. The radiologist suspected abscess or malignancy 
as shown by the magnetic resonance imaging (MRI) 
result (Figure 1). Laboratory blood tests showed 
an increase in the erythrocyte sedimentation rate 
(ESR) (64 mm) and lactate dehydrogenase (LDH) 
concentration (269 u/l). Lumbar puncture showed 
a partial block; the color of the cerebrospinal fluid 
(CSF) is yellowish (xanthochromia), normally is clear 
or colorless; cell count was 84 cells/µl, predominated 
with mononuclear cells; protein was 2,180 mg/
dl; Nonne and Pandy test was positive; cytologic 
examination revealed myeloproliferative lesion; 
polymerase chain reaction tuberculosis from the CSF 
and Bence Jones protein was negative. This case was 
suspected to be a malignancy or abscess as shown 
by MRI and laboratory test findings.

Surgery was carried out in two stages. The 
first stage of surgery was originally planned only 
for biopsy. As such, the surgical procedure was 
removing the lower part of the right-side lamina 
cervical 4 (laminotomy), along with small skin 
incision and muscle dissections in the level of the 

Figure 1. Magnetic resonance imaging (MRI) of the cervical 
spine demonstrating a long heterogeneously enhancing 
mass lesion from the C-3 to T-4 spinal cord. Red arrows: spinal 
cord; yellow arrows: tumor. (a) Iso and hypointense in T1-
weighted; (b) hyperintense on the edge/wall of the tumor in 
T2-weighted; (c) hyperintense on the edge/wall of the tumor 
in postcontrast T1-weighted

Figure 2. (a) Duramater spinalis has opened from C-2 to T-3, 
showed spinal cord (white arrow), duramater (yellow arrow); 
(b) microscopic view; the tumors (yellow arrows) is located 
anterior to the spinal cord (white arrow)

Figure 3. Pathologic examination with hematoxylin and eosin (H&E) staining (a–c) (a, 100× magnification; b, 400× magnification;  
c, 100× magnification) showed a more cellular Antoni 1 pattern (a1) with palisading nuclei surrounding the pink areas (Verocay bodies, 
yellow arrow) and Antoni 2 pattern (a2) with lesser stroma, fewer cells, and myxoid change with atypical nuclei (c, yellow arrow). 
Immunohistochemistry assay (d, 100× magnification) showed strong S100 positive immunoreactivity in the majority of tumor cells (d3)
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vertebral lamina cervical 4. The duramater was 
opened approximately 5 mm. After it was opened, 
a yellowish-gray intradural mass was observed. The 
mass/tumor was not attached to the duramater 
and bled easily. A tumor of approximately 5 ml was 
taken for the frozen section examination, and the 
result was meningioma. Considering that the frozen 
section result was not a malignancy or an abscess, 
we decided to continue the surgery by performing 
laminectomy from C-3 to T-2 to prepare for the 

Indicator
Follow-up periods

Presurgery 3 months 6 months 1 year

Nurick grades 2 3 1 1

JOA scores 11 11 16 16

10-meter walk test (sec) NA 14 8 6

SF-36

   Physical function 65 70 85 95

   Role limitation due to physical health 50 50 75 100

   Role limitation due to emotional health 33 33 67 100

   Energy 60 60 80 90

   Emotional 70 64 88 92

   Social functioning 25 50 100 100

   Pain 10 68 90 100

   General health 40 45 75 90

Cervical lordosis (Cobb’s angle) 100 NA NA 120

Tumor resectability Gross total resection

Table 1. Clinical and radiological outcomes

JOA=Japanese Orthopedic Association; SF-36=36-item short form health survey; NA=not applicable
Nurick grade is a-six-grade system from grade 0 to 5 (grade 1 shows no difficulty in walking, grade 2 shows a slight difficulty in walking that does 
not hinder full-time work, and grade 3 is difficulty in walking that prevents full-time work or the ability to do all household chores, but is not so 
severe that it requires people's help for walking). The JOA score ranges from 0 to 17 (<12 indicates severe myelopathy, 12–14 indicates moderate 
myelopathy, ≥15 indicates mild myelopathy). Normal time of 10-meter walk test is ≤13 seconds. A higher score of SF-36 items indicates a better 
health state.

Figure 4. Sagittal T2-weighted magnetic resonance imaging 
(MRI) showing no evidence of tumor (a and b); the spinal 
cord was decompressed and placed in the center of the spinal 
canal after the tumor removal (a, b, c, and d). Red arrows: 
spinal cord; yellow arrow: cerebrospinal fluid (CSF)

Figure 5. Cervical plain radiograph before (a) and 1 year after 
operation (b) showed the improvement of cervical lordosis. 
Cobb’s angle improved from 10° before operation to 12° after 
operationa
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second-stage surgery. Laminectomy was conducted 
in conjunction with the maintenance of facet joint 
integrity.

The second-stage surgery was carried out 2 weeks 
after the first surgery, the first week after the definitive 
histopathological result showing schwannomas. 
In this stage, laminectomy was performed to the 
lamina C-2 and the lamina T-3 to expose the upper and 
lower poles of the tumor (Figures 1c and 2a). Midline 
durotomy was performed from C-2 to T-3. The tumor 
was exposed after the spinal cord was gently shifted to 
the right (Figure 2b). Then, the denticulate ligaments 
in the affected segments were cut so the spinal cord 
is easily shifted to expand access to the tumor. The 
tumor was a discrete mass of a yellowish-gray tissue 
and most of the tumor mass along with a small cystic 
part was easily suctioned. The tumor bled easily when 
it was dissected, but the bleeding could be controlled. 
The gross total resection of the tumor was achieved. 
The histopathological features (Figure 3) showed 
schwannomas. Although postoperative instability 
and kyphotic deformity could occur, external 
stabilization with a soft neck collar was used instead 
of rigid internal stabilization for 3 months to obtain a 
good image when postoperative imaging (MRI) was 
performed.

Clinical outcomes were assessed 3 months, 6 
months, and 1 year after the surgery. The instruments 
used were Nurick grade, JOA, 10-meter walk test, 
and 36-item short form health survey (SF-36) (Table 
1). MRI examinations and plain cervical spine X-ray 
was performed at 1 year post-surgery. There were no 
residual or new tumor growth and kyphotic deformity 
(Table 1). The patient could normally walk again 1 year 
after the surgery as measured by the 10-meter walking 
test, i.e., she could achieve the normal duration (6 
sec). No new neurological deficits and no tumors were 
detected during the MRI examinations (Figure 4). No 
kyphotic deformity was observed (Figure 5).

DISCUSSION

A fully intracanal long-sized schwannoma is a rare 
entity. Initially, we considered either malignancy or 
abscess for this case. The hallmarks of malignancies 
and/or spinal abscess were found from the blood and 
CSF examinations. However, she was finally diagnosed 
as schwannoma using histopathological examinations; 
and then it was confirmed by immunohistochemical 

(IHC) assay (Figure 3). She was initially diagnosed 
as meningioma based on the frozen section results. 
Spinal meningioma usually grows lengthwise and 
is entirely intradural because the cells are originally 
from meningothelial (arachnoidal) cells. The previous 
study showed the accuracy of frozen section in 
intraoperative diagnosis of central nervous system is 
high.7 The discrepancy between frozen section with 
final diagnosis was approximately 2.7%, but most 
of these are originated from spindle cells.8 Both 
meningioma and schwannoma have spindle cells, 
therefore it is often difficult to distinguish them using 
frozen section.9 To reduce this limitation, there should 
be a good communication between the surgeon and 
pathologist and an adequate tumor samplings.¹⁰,¹¹ 
The classic histopathological feature of schwannoma 
is the presence of a verocay bodies (Figure 3), but a 
morphology alone is not sufficient. The diagnosis 
should be confirmed by IHC assay to differentiate 
meningioma and schwannoma.¹²,¹³ IHC assay showed 
strong S100 positive immunoreactivity in the tumor 
cells, which is a specific marker for schwannoma.¹⁴

Several findings from blood and CSF examinations 
showed a malignancy and tumor bleeding and/or 
a cystic component consisting of necrotic tumor 
mass that enters the spinal subarachnoid space. 
An increase of LDH levels in CSF also indicates a 
malignancy and a presence of hemolysis because of 
tumor bleeding.¹⁵ Therefore the CSF color becomes 
xanthochromia (yellowish). On the other hand, an 
increase of ESR reflecting an infection or an increase 
of inflammatory response due to blood irritation in 
the spinal cord and meninges.¹⁶ The tumor bleeding 
and/or necrotic mass made myeloproliferative cells 
was available in CSF.

Neurological deficits that develop slowly for 9 
months are not a typical of either spinal malignancy 
or abscess. Previous reports showed intratumoral 
hemorrhage,¹⁷ subarachnoid hemorrhage,¹⁸ intradural 
hemorrhage,¹⁹ and necrosis during cell division in 
tumor growth,²⁰ hence those patients with spinal 
schwannoma had acute neurological deficits.

Complete tumor resection is the target of any 
spinal schwannoma surgery. The preferred surgical 
procedures are laminoplasty and laminectomy.21 
Laminoplasty is considered safer than laminectomy 
because it returns the spinal lamina to be an anatomical 
protector of the spinal cord but is more expensive 
because it adds implants. Less invasive techniques 
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with endoscopic or hemilaminectomy approaches are 
considered safe and effective surgical procedures for 
small schwannomas.²²,²³ 

Our case is a giant tumor that extends to nine 
vertebral segments so it is not suitable for less 
invasive techniques. The effectiveness and safety of 
less invasive techniques for long-segment or giant 
schwannomas remain to be proven. We performed 
a nine-segment laminectomy instead of laminoplasty 
as in the previous reports.2,3,4 Indeed, laminectomy 
is associated with postoperative deformity and 
instability.24,25 However, the study on intradural spinal 
tumors surgeries showed both laminoplasty and 
laminectomy provide comparable results in the term 
of neurological recovery and post-surgical spinal 
deformity.26,27 On the other hand, postoperative 
kyphotic deformity that requiring subsequent surgery, 
has also occurred by nine-segment laminoplasty.2 
Preservation of the facet joint is one of the tricks to 
avoid post-laminectomy kyphotic deformity.²⁸ We 
showed that the preservation of the facet joint could 
avoid post-laminectomy deformity (Figure 5) without 
compromising the gross total resection of the tumor 
(Figure 4).

The success of certain treatments or surgical 
procedures can be observed in outcomes. Many 
measurement tools are used to assess the outcomes 
of spinal surgery. These tools should not only address 
local pathologic manifestations but also examine 
patients’ quality of life after treatment.²⁹ The JOA 
scale, Nurick grade, SF-36, and walking test are widely 
used to evaluate.³⁰ Walking or ambulation after spinal 
cord dysfunctions can reflect spinal cord recovery. 
Also, the ability to walk tends to have a better score 
regarding the quality of life.³¹ A 10-meter walk test is 
a valid and reliable tool to assess the independence 
level of ambulatory patients.³² This case showed 
an improvement in the functional outcomes based 
on all the measurement tools. The 10-meter walk 
test and SF-36 revealed that clinical improvement 
occurred 3 months after surgery. One year after 
surgery, the MRI showed no residual tumors, and 
the plain C-spine radiograph indicated no kyphotic 
deformity as denoted by Cobb’s angle measurement. 
Therefore, multisegment laminectomy with a special 
attention of facet joint preservation, was safe and 
effective for the resection of long tumors.

In conclusion, managing a rare case for the first 
time is a big challenge, both in terms of diagnosis and 

choosing the optimal surgical procedure. Nine-segment 
laminectomy from C-2 to T-3 is safe and can facilitate 
complete resection of long segment schwannomas 
without causing post-operative kyphotic deformity.
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