10

Rapamycin treatment reduced reactive gliosis at the lesion site
in a spinal cord ischemia model (Codeluppi et al., 2009). Ra-
pamycin activates autophagy and improves myelination in a
demyelinating neuropathy model (Rangaraju et al., 2010). In
this study, the inhibition of mTOR by rapamycin during the
acute phase of SCI significantly reduced the neural tissue
damage and locomotor impairment. Therefore, the adminis-
tration of rapamycin during the acute phase should induce a
cytoprotective effect to reduce the secondary injury of SCIL.
Further studies may clarify the effect of rapamycin on regu-
lating neuroprotection and neuroregeneration and lead to a
novel therapeutic strategy after SCI.
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Tumors at the lateral portion of the C1-2 interlaminar space
compressing the spinal cord by rotation of the atlantoaxial
joint: new aspects of spinal cord compression

Report of 2 cases

*HirosH1 Ozawa, ML.D., Pu.D.,! TAkAsHI Kusakasg, M.D., Pu.D.,?
Tosumi A1zawa, ML.D., Pu.D.,! TAxesar NAkamura, ML.D.,! YusaiN Isan, M.D.,3
AND Eut Itor, MLD., Pu.D.!

‘Department of Orthopaedic Surgery, Tohoku University School of Medicine; ?Department of Orthopaedic
Surgery, Tohoku Rosai Hospital; and Department of Orthopaedic Surgery, Nishitaga Hospital, Sendai, Japan

The authors describe 2 patients with C-2 nerve root tumors in whom the lesions were located bilaterally in the
lateral portions of the C1-2 interlaminar space and compressed the spinal cord when the atlantoaxial joint was rotated.

The patients were adult men with neurofibromatosis. Each presented with clumsiness of both hands and motor
weakness of the extremities accompanied by spastic gait. Magnetic resonance imaging of the cervical spine per-
formed with the neck in the neutral position showed tumors at the bilateral lateral portion of the C1-2 interlaminar
space without direct compression of the spinal cord. The spinal cord exhibited an |-shaped deformity at the same level
as the tumors in one case and a trapezoidal deformity at the same level as the tumors in the other case. Computed
tomography myelography and MRI on rotation of the cervical spine revealed bilateral intracanal protrusion of the
tumors compressing the spinal cord from the lateral side. The tumors were successfully excised and occipitocervical
fusion was performed.

The tumors were pushed out into the spinal canal from the bilateral lateral portion of the interlaminar spaces due
to rotation of the atlantoaxial joint. This was caused by a combination of posteromedial displacement of the lateral
mass on the rotational side of the atlas and narrowing of the lateral portion of the interlaminar space on the contra-
lateral side due to the coupling motion of the lateral bending and extension of the atlas. The spinal cord underwent
compression from both lateral sides in a one-way rotation. Without sustained spinal cord compression, intermittent
long-term dynamic spinal cord compression from both lateral sides should induce a pathognomonic spinal cord defor-
mity and the onset of paralysis. To the authors’ knowledge, there have been no reports of the present conditions—that
is, the bilateral protrusion of tumors from the bilateral lateral portion of the C1-2 interlaminar spaces into the spinal
canal due to atlantoaxial rotation.

(http://thejns.org/doilabs/10.3171/2012 9 .SPINE12562)
neurofibromatosis ¢

Key Worps ¢ spinal cord tumor +  dumbbell tumor

atlantoaxial joint ¢ oncology

ple spinal cord tumors such as schwannomas and

neurofibromas.>® The C-2 nerve root frequently
arises in such tumors.” Spinal cord tumors occupying the
spinal canal compress the cord and nerve roots, causing
various neurological symptoms.27 When patients with
spinal cord tumors present with paralysis, tumors directly
compressing the spinal cord are clearly observed on MRI.
Goel et al? presented a series of 60 patients with C-2
nerve root tumors. Fifty-six of the 60 patients had uni-
lateral C-2 nerve root tumors, whereas 4 patients had bi-

NEUROFIBROMATOSIS is often complicated by multi-

Abbreviations used in this paper: CITM = CT myelography; JOA
= Japanese Orthopaedic Association; NF = neurofibromatosis.
* Drs. Ozawa and Kusakabe contributed equally to this work.

552

lateral tumors. In 9 patients, including all 4 with bilateral
tumors, there was evidence of NF. Bilateral C-2 tumors
were often observed in patients with NF. In the present
report we describe 2 cases of NF presenting with cervi-
cal myelopathy. In both patients, conventional MRI of
the cervical spine revealed tumors located at the bilateral
lateral portion of the C1-2 interlaminar space that did not
compress the spinal cord directly. However, it demon-
strated an unusual |-shaped deformity of the spinal cord
at the same level as the tumors in one case and a trapezoi-
dal deformity of the spinal cord at the same level as the
tumors in the other case. In both cases, CTM and MRI on
rotation of the cervical spine revealed bilateral intracanal
protrusion of the tumors and direct compression of the
spinal cord. To our knowledge, there have been no previ-
ous reports of the present conditions.

J Neurosurg: Spine / Volume 17 | December 2012

—259—



Tumor compressing spinal cord by rotation of the cervical spine

Case Reports
Case |

History and Examination. In 2002 this 58-year-old
man with NF Type 1 began to experience an unstable gait.
Since early 2008, he had felt numbness and clumsiness of
both hands and gait disturbance that rapidly progressed.
He therefore visited our clinic. Neurological examina-
tion revealed lower-extremity muscle weakness. Tendon
reflexes of the upper and lower extremities were acceler-
ated bilaterally. We established a diagnosis of myelopathy
of the upper cervical spine. The patient’s JOA score for
cervical myelopathy* was 8 (combined score of 2, 1, 1, 1,
1, and 2) of a possible 17 points. The symptoms did not
change with flexion, extension, or rotation of the neck.
Plain lateral radiography of the cervical spine showed
no spinal canal stenosis or instability. Midsagittal T2-
weighted MRI performed with the patient in the neutral
position showed spinal cord swelling with a higher signal
intensity region at C1-2. Axial MRI revealed tumors at
the bilateral lateral portion of the C1-2 interlaminar space
and slight indentation of the dural tube. Although there
was adequate subarachnoid space around the spinal cord,
the cord exhibited an I-shaped deformity at C1-2 (Fig. 1).
The spinal cord was not compressed directly and seemed
to show atrophy. We performed MRI and CTM under
flexion, extension, and rotation of the cervical spine. The
flexion and extension MRI and CTM studies did not show
any spinal cord compression. However, the rotation MRI
and CTM studies revealed bilateral intracanal protrusion
of the tumors compressing the lateral side of the spinal
cord (Fig. 2). We considered that the paralysis and spinal
cord deformity were caused by protrusion of the tumors
from the bilateral lateral portion of the C1-2 interlaminar
space into the spinal canal following rotation of the cervi-
cal spine.

Operation. We excised the tumors of the CI-2 in-
terlaminar space following resection of the C-1 posterior
arch and posterior fusion (occiput—C3) with segmental
instrumentation. The tumors seemed to originate from
the C-2 nerve root ganglion, and they did not adhere to
the dura mater. The tumors were excised in a piecemeal
manner. Histologically the tumors were determined to be
neurofibromas.

Postoperative Course. At 4 years after surgery, the
patient had improved neurologically, and his JOA score
had increased to 13. Bone fusion was complete 1 year
postoperatively. Magnetic resonance images showed res-
toration of the spinal cord shape with enlargement of the
higher signal intensity region on T2-weighted sequences.
Tumors at the bilateral lateral portion of the C1-2 inter-
laminar space had not recurred (Fig. 3).

Case 2

History and Examination. In early 2008 this 32-year-
old man with NF Type 1 experienced numbness and clum-
siness in both hands and gait disturbance. He visited our
clinic. Neurological examination revealed upper-extremity
muscle weakness. The triceps tendon reflex and knee and
ankle jerks were accelerated bilaterally. We made a diag-

J Neurosurg: Spine / Volume 17 / December 2012

Fie. 1. Case 1. A: Sagittal T2-weighted MR image taken in the
neutral position showing spinal cord swelling with a higher signal inten-
sity region at C1-2.  B: Axial T2-weighted MR image at C1-2 showing
tumors at the bilateral lateral portion of the C1-2 interlaminar space
(asterisks) and slight indentations of the dural tube. B and C: Axial
T2-weighted MRI and CTM studies at C1-2 showing an I-shaped de-
formity of the spinal cord despite adequate subarachnoid space around
the spinal cord.

nosis of cervical myelopathy in the upper cervical region.
The patient’s JOA score was 13 (combined score of 3, 3, 1,
2, 1,and 3). The symptoms did not change when the patient
moved his neck. Plain lateral radiography showed no un-
usual findings in the cervical spine. Sagittal T2-weighted

Fic. 2. Case 1. Axial T2-weighted MRI and CTM scans at C1-2 on
rotation of the cervical spine revealing bilateral intracanal protrusion of
the tumors compressing the lateral side of the spinal cord (rotation to
the right [A and C] and rotation to the left [B and D]). The arrowheads
show the indentation of the dural tube.
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Fic. 3. Case 1. Sagittal (A) and axial (B) T2-weighted MR images
demonstrating restoration of the spinal cord shape and enfargement of
the higher signal intensity region 4 years after surgery.

MRI with the patient’s neck in the neutral position showed
spinal cord swelling and a higher signal intensity region at
C1-2. Axial MRI demonstrated tumors in the bilateral lat-
eral portion of the C1-2 interfaminar space and adequate
subarachnoid space around the spinal cord. Although the
spinal cord was not compressed directly, it showed a trap-
ezoidal deformity at C1-2 (Fig. 4). Both MRI and CTM
performed on rotation of the cervical spine revealed bilat-
eral intracanal protrusion of the tumors with direct lateral
compression to the spinal cord (Fig. 5). We determined that
the patient’s paralysis and spinal cord deformity were in-
duced by the protrusion of tumors into the spinal canal.

Operation. We performed tumor excision and oc-
ciput—C3 posterior fusion. The tumors seemed to origi-
nate from the C-2 nerve root ganglion. Most of the tumors
were excised in a piecemeal manner. The histological di-
agnosis of the tumors was neurofibroma.

Postoperative Course. At 4 years after surgery, the
patient showed an excellent neurological improvement,
and his JOA score increased to 16. Magnetic resonance
imaging demonstrated restoration of the spinal cord
shape. The tumors did not recur during follow-up (Fig. 6).

Discussion

We have reported that spinal dumbbell tumors ac-
counted for 18% of all spinal cord tumors.® The most fre-
quent originating nerve root is C-2, which passes through
the lateral portion of the interlaminar space between the
C-1 posterior arch and the C-2 lamina. It is necessary to
recognize that tumors located at the bilateral lateral por-
tion of the C1-2 interlaminar space may protrude into the
spinal canal on rotation of the cervical spine, even though
the tumors are not observed in the spinal canal in the
neutral position. On the occasion, the spinal cord is com-
pressed from the lateral side by a protruding tumor, so
that the spinal cord shows the characteristic form of an |-
shaped elongation in the anteroposterior direction. This is
a clue to the diagnosis of this unusual pathological entity.

The lateral atlantoaxial joint consists of the lower
articular surface of the lateral mass of the atlas and the
upper articular surface of the axis. The rotational range of
motion at the atlantoaxial joint is the largest in the spine.
In a 3D kinetic analysis of the atlantoaxial joint, the atlas
shows the coupling motion of right bending and extension
to the axis during left rotation and the coupling motion of
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Fic. 4. Case 2. A: Sagittal T2-weighted MR image taken in the
neutral position showing spinal cord swelling with a higher signal inten-
sity region at C1-2.  B: Axial T2-weighted MR image at C1-2 demon-
strating tumors at the bilateral lateral portion of the C1-2 interlaminar
space (asterisks). B and C: Axial T2-weighted MR] and CTM scans
at C1-2 revealing a trapezoidal deformity of the spinal cord despite ad-
equate subarachnoid space around the spinal cord.

left bending and extension to the axis during right rota-
tion.” In the present cases, the tumors were in the bilateral
lateral portion of the interlaminar space at C1-2. They
were pushed out into the spinal canal from the bilateral
lateral portion of the interlaminar spaces by the rotation
of the cervical spine. This was caused by a combination

Fic. 5. Case 2. Axial T2-weighted MRI and CTM images at C1-2 on
rotation of the cervical spine showing bilateral intracanal protrusion of
the tumors compressing the lateral side of the spinal cord (rotation to
the right [A and C] and rotation to the left [B and D}). The arrowheads
show the indentation of the dural tube.
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Tumor compressing spinal cord by rotation of the cervical spine

4 B8

Fic. 6. Case 2. Sagittal (A) and axial (B) T2-weighted MR images
demonstrating restoration of the spinal cord shape 4 years after surgery.

of posteromedial displacement of the lateral mass on the
rotational side of the atlas and narrowing of the lateral
portion of the interlaminar space on the contralateral side
due to the coupling motion. In other words, the spinal
cord underwent compression from both lateral sides in a
one-way rotation. The head and neck are considered to be
oriented either to the left or right most of time. Without
sustained spinal cord compression, intermittent long-term
dynamic spinal cord compression can induce a pathogno-
monic deformity of the spinal cord and the onset of paral-
ysis. To our knowledge, there have been no reports of the
present conditions—that is, bilateral protrusion of tumors
into the spinal canal from the bilateral lateral portion of
the CI1-2 interlaminar spaces due to atlantoaxial rotation.

Kokubun® has reported that 30% of patients with
dumbbell tumors originating from C-2 nerve roots present
with electric-like shocks extending down the trunk that
are triggered by rotation of the neck, and 10% of these
patients present with transient muscle weakness of the
extremities caused by rotation of the neck. This is con-
sidered to be the result of the spinal cord compression en-
hanced by rotation of the atlantoaxial joint, as observed in
the present cases. Although the symptoms did not change
on rotation of the neck in our patients, checking for any
changes in the symptoms with the neck rotated is a simple
examination that can provide important clues when estab-
lishing a diagnosis.

The excision of the tumors alone or in combination
with atlantoaxial fusion should be performed. Excision of
the tumors may be incomplete because of excess bleed-
ing, or the tumors in NF may regenerate over many years.
Some improvement of the paralysis over the long term
would be expected by adding atlantoaxial fusion. There
are several methods available for atlantoaxial fusion. Pos-
terior fusion techniques including the use of Gallie wires,
Brooks wires, and Halifax interlaminar clamps were un-
feasible because of C-1 posterior arch resection necessary
to excise the tumors. We thought that the Magerl screw
technique and the posterior C-1 lateral mass—C2 pedicle
screw fixation technique were also not feasible because
of the bone erosion of the atlas and the upper part of
the axis. Therefore, we chose occipitocervical fusion to
maintain the frail spinal cord in complete repose for an
extended period. Both patients showed an excellent im-
provement after surgery. On the other hand, we must take
the difficulty of reoperation into consideration when the
residual tumors grow and paralysis recurs.

J Neurosurg: Spine / Volume 17 / December 2012

Conclusions

We described 2 cases of C-2 nerve root tumors locat-
ed in the bilateral lateral portion of the C1-2 interlaminar
space and compressing the spinal cord on rotation of the
cervical spine. It is important to recognize that tumors
in the bilateral lateral portion of the C1-2 interlaminar
space can protrude into the spinal canal by rotation of
the atlantoaxial joint, even though the spinal cord is not
compressed in the neutral position.
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Study Design. An open-labeled multicenter prospective controlled
clinical trial.

Objective. To confirm the feasibility of granulocyte colony—
stimulating factor (G-CSF) administration for patients with thoracic
myelopathy.

Summary of Background Data. Although G-CSF is best known
as an important cytokine commonly used to treat neutropenia, it
also has nonhematopoietic functions. Previous experimental studies
have shown that G-CSF can enhance tissue regeneration of several
organs, such as the heart and the brain. We previously reported
that G-CSF promotes functional recovery after spinal cord injury in
rodents. On the basis of those findings, we started a clinical trial of
neuroprotective therapy, using G-CSF for patients with worsening
symptoms of thoracic myelopathy.
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Methods. Patients whose Japanese Orthopaedic Association (JOA)
score for thoracic myelopathy had decreased 2 points or more
during a recent 1-month period were eligible for entry. After giving
informed consent, patients were assigned to G-CSF and control
groups. The G-CSF group (n = 10) received G-CSF 10 pg/kg per
day intravenously for 5 consecutive days. The control group (n = 14)
received similar treatments as the G-CSF group except for G-CSF
administration. The primary outcome was JOA recovery rate at 1
month after G-CSF administration or initial treatment.

Results. There was greater improvement in neurological
functioning between baseline and 1-month follow-up in the G-CSF
group (JOA recovery rate: 29.1 = 20.5%) than in the control group
(JOA recovery rate: 1.1 = 4.2%) (P < 0.01). No serious adverse
events occurred during or after the G-CSF administration.
Conclusion. The results provide evidence that G-CSF
administration caused neurological recovery in patients with
worsening symptoms of thoracic compression myelopathy.

Key words: neuroprotective therapy, granulocyte colony-
stimulating factor, thoracic myelopathy, clinical trial. Spine
2012;37:1475-1478

~= ranulocyte colony-stimulating factor (G-CSF) is a
. 19.6 kDa glycoprotein. It is best known as a growth
. factor for hematopoietic progenitor cells and is com-
monly used to treat neutropenia and to mobilize peripheral
blood-derived hematopoietic stem cells for transplantation.!
Several experimental studies have indicated that G-CSF also
has nonhematopoietic functions and can enhance the tis-
sue regeneration of several organs such as the heart and the
brain.’* We previously reported that G-CSF promotes func-
tional recovery after spinal cord injury in rodents.**

On the basis of the experimental results described eatlier,
we hypothesized that administration of G-CSF can effect neu-
rological recovery in patients with progressive compression
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myelopathy and started a phase I/lla clinical trial of G-CSF
neuroprotective therapy.” In this study, we conducted a multi-
center prospective controlled clinical trial (phase IIb) to assess
the feasibility of the G-CSF therapy for patients with worsen-
ing symptoms of thoracic compression myelopathy.

MATERIALS AND METHODS

This clinical trial was designed as an open-labeled multicenter
prospective controlled study and was performed with the
approval of the institutional review board of each participat-
ing institute. Since April 2010, we recruited patients 20 to 85
years of age, in whom the Japanese Orthopaedic Association
(JOA) score (full score = 11 points) decreased 2 points or
more during a recent 1-month period.”

We assigned patients to a G-CSF group and a control group.
Patients in the G-CSF group were given G-CSF 10 pg/kg
per day intravenously for 5 consecutive days. Patients in
the control group were enrolled in similar treatments as the
G-CSF group except for the G-CSF administration. To evalu-
ate neurological improvement resulting from neuroprotective
therapy with G-CSE, we planned to follow patients in both
groups without surgical treatment for 1 month after G-CSF
administration or initial treatment and to provide them
with equivalent conservative treatment, such as bed rest.
When patients were given informed consent documents, we
explained our plans regarding the time of surgery, and we
administered G-CSF only to those patients who agreed with
the protocol.” The G-CSF therapy was performed only in the
institute to which the corresponding author (MY) belonged.
At the other institutes, patients were treated without G-CSF
administration.

The primary outcome was the JOA recovery rate at 1
month after G-CSF administration or initial treatment. We
evaluated the patients’ severity of myelopathy using the JOA
score.” Then, we evaluated their motor and sensory functions
by determining scores for muscle power and pain sensation
according to the American Spinal Injury Association score.” In
this study, 2 orthopedic spine surgeons specializing in thoracic
spine surgery evaluated patients’ neurological status indepen-
dently after G-CSF administration and then mean data were
calculated. In addition, we analyzed hematological data from
the treated patients.

Statistical analyses were performed using a Mann-Whitney
U test and a Fisher exact probability test. A P value less than
0.05 was considered statistically significant. Results are pre-
sented as means = standard deviation of the mean.

RESULTS

Patient Data

Between April 2010 and October 2010, 24 patients (10
patients in the G-CSF group and 14 patients in the control
group) were enrolled and examined for 1 month. Patient data
for both groups are summarized in Table 1. In the control
group, many patients had the most stenotic level at the lower
thoracic spine (T9-T12), although no statistical difference
was observed in the distribution of the most stenotic level

1476  www.spinejournal.com

No. of patients 10 14
Sex
Male 9 11
Female 1 3
Age, M = SD (range), yr 49.7 + 8.9 53.1 £10.6
(32-74) (22-72)
Diagnosis
Thoracic OPLL 5 4
Thoracic OLF 2
Thoracic spondylotic 3 4
myelopathy
Most stenotic level
Upper thoracic 4 4
(T1-T4)
Middle thoracic 4 2
(T5-T8)
Lower thoracic 2 8
(T9-T12)
Surgical procedure
Posterior 5 10
decompression
Posterior decompression 5 4
with instrumented fusion
C-CSF indicates granulocyte colony—stimulating factor; OPLL, ossification of
posterior longitudinal ligament; OLF, ossification of ligamentum flavum.

between the G-CSF and control groups. No statistical differ-
ence was observed between groups regarding the spinal canal
occupation ratio by heterotopic ossification or vertebral spurs
at the most stenotic level.

Neurological Recovery

The JOA score immediately before G-CSF administration or
initial treatment was 3.8 = 1.3 in the G-CSF group and 4.1
+ 1.4 in the control group, showing no statistical difference
between groups (Table 2). There was greater improvement
in neurological functioning between baseline and 1-month
follow-up in the G-CSF group (JOA recovery rate: 29.1 *+
20.5%) than in the control group (JOA recovery rate: 1.1 *+
4.2%) (P < 0.01) (Table 2).

Regarding the muscle power score, greater improvement
between baseline and 1-month follow-up was observed in the
G-CSF group (improvement of muscle power score: 2.8 =%
2.8) than in the control group (improvement of muscle power
score: 1.6 * 5.3) (P < 0.05) (Table 2).

There was also greater improvement in the pain sensation
score between baseline and 1-month follow-up in the G-CSF
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JOA score

Immediately before treatment 3.8 +1.3(1-5.5) 4.1 +1.4(1.5-6.0) 0.501

One month after treatment 5.7 £2.4(1.0-9.0 43 +1.3(2.5-6.0) 0.061

Recovery rate 29.1 = 20.5(0.0-63.6) 1.1 £ 4.2 (0.0-15.8) <0.01
Muscle power score

Immediately before treatment 41.9 * 7.8 (22-50) 37.0 = 15.5 (0-50) 0.884

One month after treatment 44.7 * 7.6 (25-50) 38.6 = 12.6 (20-50) 0.241

Increase of muscle power score 2.8 +2.8(09) 1.6 = 5.3 (0-20) <0.05
Pain sensation score

Immediately before treatment 68.3 = 9.7(59-78) 74.1 = 9.8 (60-92) 0.364

One month after treatment 74.7 + 10.4 (62-88) 74.9 = 8.9 (64-92) 0.578

Increase of pain sensation score 6.4 = 5.5(1-17) 1.0 = 3.2(0-12) <0.01

Recovery rate = (postoperative score — preoperative score/full score — preoperative score) X 100 (%).

Muscle power score (motor: 0-50 points) and pain sensation (pin prick: 0-98 points) score were defined according to the American Spinal Injury
Association score.

C-CSF indicates granulocyte colony-stimulating factor; JOA score, Japan Orthopaedic Association score (thoracic myelopathy: 0—11 points).

group (improvement of the pain sensation score: 6.4 + 5.5)  single clinical trial with G-CSF administration for cerebral
than in the control group (improvement of the pain sensation  infarction has been reported by Shyu et al.' They reported

score: 1.0 = 3.2) (P < 0.01) (Table 2). that neurological symptoms were significantly improved by
G-CSF administration.
Blood Data and Adverse Events In this study, we conducted the first clinical trial using

In the G-CSF group, white blood cell count immediately before ~ G-CSF for patients with worsening symptoms of thoracic
G-CSF administration was 7.3 = 1.6 (X 10’/mm?). During the
administration, it increased up to 36.7 = 9.4 (X 103%/mm?),
ranging from 19.2 to 50.3 (X 10%/mm?) (Table 3). G-CSF
mobilized cells of the neutrophil lineage, but lymphocytes
were not affected (Table 3). G-CSF also caused an increase of
monocytes. There was no significant change in inflammation
during G-CSF administration, as indicated by C-reactive pro-
tein levels (Table 3).

In this series, there was no patient who showed bone pain — — ‘
or hepatic dysfunction after the G-CSF administration. No | YWBC, X107mm (75%:"; 35) a%é 1; g 34) <0.01
other severe adverse event occurred during or after the admin- — i
istration. Neutrophils, X10%/ | 4.6 = 1.4 30.6 = 6.7 <0.01
mm? (2.1-6.9) (16.6-40.5)
DISCUSSION Lymphocytes, 21+04 2.4+07 0.29
To date, 3 clinical trials of G-CSF administration for neuro- X10%/mm? (1.5-2.5) (1.5-3.2)
logical dlso'r(gc;rs have been reporte_d; 2 fqr arlr(l)yotrophlc lat; Monocytes, X10% | 0.4 + 0.2 19+009 <001
eral sclerosis® and 1 for cerebral infarction.’® Zhang et al mm? (0.2-0.8) (0.7-2.8)
reported that the progression of amyotrophic lateral scle- CRP L N N
rosis symptoms was inhibited by G-CSF administration, ) mg/ (()610:003"; ?631:005 0.08
although they did not use controls. Neffussy et al’ performed — —
a controlled study but they showed no Signiﬁcant difference *Highest level between the first and seventh day after G-CSF administration.
bl
in the progression of amyotrophic lateral sclerosis symp- G-CSF indicates granulocyte colony-stimulating factor; WBC, white blood
toms between their G-CSF-treated group and controls. A LS/ CRP Creactive protein.
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compression myelopathy. One month after G-CSF adminis-
tration, mean recovery rate of JOA score was 29.1%. In con-
trast, it was 1.1% in the control group at 1 month after initial
treatment. In addition, we observed that both motor power
and pain sensation scores significantly increased in the G-CSF
group compared with the control group at 1 month after
treatment. No surgical treatment was performed in patients
of either group during the month after G-CSF administration
or initial treatment, and they were equally provided conser-
vative treatment such as bed rest. Thus, the present results
strongly suggest that G-CSF administration exhibited a neu-
roprotective effect for the injured spinal cord in patients with
worsening symptoms of thoracic myelopathy and improved
the myelopathy.

To the best of our knowledge, there has been no other
medical treatment that has provided reliable evidence for
improvement of thoracic myelopathy. This study provides
evidence that G-CSF neuroprotective therapy may be useful
as a medical treatment of patients with worsening symptoms
of thoracic compression myelopathy. The G-CSF therapy
may be especially useful for patients in whom the treatment
of complications other than myelopathy needs to be given pri-
ority and thus requires a long waiting period before surgery.

In our present trial, no severe side effects occurred. Thus,
we suggest that the dose (10 pg/kg per d), duration (5 consec-
utive days), and route (intravenous administration) of G-CSF
administration used in this study are principally safe for the
treatment of patients with thoracic myelopathy.

The biggest limitation of this study was that the trial
was performed as an open-labeled study and the selection
of patients to the G-CSF group and the control group was
not randomized. We cannot deny the possibility that a pla-
cebo effect of injection may participate in the improvement
of neurological symptoms. To increase the level of evidence,
in the next stage the study design should be a randomized,
double-blind placebo-controlled study. By conducting a phase
IIb clinical trial in a large number of patients with the study
design described earlier, we will be able to reach a better con-
clusion regarding the effectiveness of G-CSF neuroprotective
therapy for patients with worsening symptoms of thoracic
compression myelopathy.
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- =\ multrcenter prospectlve controlled chmcal trlal vas
,*performed to confirm the feasnbmty of G-CSF admin
istration for patients with Worsenmg symptoms of
thorac1c myelopathy

’ ;Cl For 10 patients with progrésswe myelopathy, G- CSF
- (20 p,g/kg per day) was lntravenously admlnrstered
- for 5 consecutive days

- D The administration of G-CSF caused neurologlcai
- recoveryin the patients.. ' ,
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SURGERY

Radiographical Risk Factors for Major
Intraoperative Blood Loss During Laminoplasty
in Patients With Ossification of the Posterior

Longitudinal Ligament

So Kato, MD,* Hirotaka Chikuda, MD, PhD,* Atsushi Seichi, MD,+ Hiroshi Ohtsu, MS,*
Atsushi Kimura, MD, PhD,t and Yoshiaki Toyama, MD, PhD§

Study Design. A retrospective multi-institutional study.
Objective. To clarify the distribution of intraoperative blood
loss during cervical laminoplasty for ossification of the posterior
longitudinal ligament (OPLL), and to identify the radiographical risk
factors for the occurrence of major blood loss in patients with OPLL
undergoing laminoplasty.

Summary of Background Data. The incidence of major
intraoperative blood loss during laminoplasty for OPLL is unknown.
Methods. All patients who underwent cervical laminoplasty for
OPLL between April 2005 and March 2008 at 27 institutions across
Japan were included in this analysis. We investigated the patients’
characteristics and surgical data, and compared the radiographical
characteristics of OPLL in patients with and without major blood loss.
Results. The estimated intraoperative blood loss was reported for
545 patients (429 male and 116 female; mean age, 62.7 yr). The
mean intraoperative blood loss was 223 g (median, 130 g; range,
minimal to 3350 g). Excluding 1 patient with intraoperative vertebral
artery injury, major blood loss greater than 500 g was reported in
45 patients (8.3%). Patients with major blood loss were more likely
to have neurological complications (5/45 vs. 12/499) and a longer
hospital stay (29.5 d vs. 28.8 d) in comparison with those without
major blood loss. The occupying ratio of OPLL was greater in the
major blood loss group (48.3% vs. 42.2%; P = 0.02). A multivariate
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analysis revealed an occupying ratio of 60% or greater to be
associated with an increased risk of major intraoperative blood loss
(odds ratio, 2.4; 95% confidence interval, 1.1-5.3).

Conclusion. Laminoplasty for OPLL is associated with a risk of
major intraoperative blood loss, which can potentially give rise to
devastating postoperative complications. An occupying ratio of 60%
or greater is a risk factor for major blood loss during laminoplasty in
patients with OPLL. '

Key words: laminoplasty, ossification of the posterior longitudinal
ligament, major intraoperative blood loss. Spine 2012;37:
E1588-E1593

aminoplasty has been widely used for the treatment of
cervical compressive myelopathy since its development
~in the 1970s, and its efficacy is well established in the
literature.! Tt is generally considered to be a relatively less
invasive procedure and can be safely applied to the elderly
population.>"" The reported intraoperative blood loss in lami-
noplasty for cervical spondylotic myelopathy (CSM) ranges
from 43 to 608 g, with many cases being less than 100 g 3>
and blood transfusion is generally not necessary.

However, in laminoplasty for patients with ossification of
the posterior longitudinal ligament (OPLL), even experienced
surgeons occasionally encounter unexpected major blood
loss.!>13 Major intraoperative blood loss in spine surgery can
necessitate a transfusion, which has been reported to be asso-
ciated with an increased risk for disease transmission and sur-
gical site infection,'*! and major blood loss also potentially
causes multiple end-organ damage, including visual loss!¢ and
spinal cord ischemia.” Despite its clinical significance, intra-
operative blood loss in laminoplasty for OPLL has not yet
been sufficiently investigated.

The objective of the present study was to clarify the distri-
bution of intraoperative blood loss in cervical laminoplasty
for OPLL, and to identify the radiographical risk factors for
the occurrence of major blood loss.

MATERIALS AND METHODS

To investigate the neurological complications in laminoplasty
for cervical OPLL, the Research Group for Ossification of

December 2012

Copyright © 2012 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

—267—



N'0/RSN SURGERY

Major Blood Loss in Laminoplasty ® Kato et al

the Spinal Ligament sponsored by the Japanese Ministry of
Health, Labour, and Welfare conducted a multi-institutional
retrospective survey in January 2009. The incidence of neu-
rological deficits was already reported in 2011,'® and we
used the same data set, and reanalyzed it in the present study,
focusing on the intraoperative blood loss. All patients who
underwent cervical laminoplasty for OPLL between April
2005 and March 2008 at 27 institutions to which members of
the research group belonged were reviewed. These institutions
are all university hospitals and national medical centers, and
the diagnoses, surgical indications, and OPLL surgeries were
all performed by the experienced senior spine surgeons who
belonged to this research group. Patients who underwent lam-
inoplasty in 3 vertebrae or more down to T1 were included in
the analysis. The number of surgically treated vertebrae was
counted, with a partial laminectomy being counted as 0.5 ver-
tebra. The patients with laminoplasty below T2 or simultane-
ous anterior surgery and those with a traumatic spinal cord
injury within 3 weeks before surgery were excluded.

We investigated the patients’ characteristics, the surgical
data (laminoplasty type, number of surgically treated verte-
brae, length of the operation, and estimated intraoperative
blood loss), and the preoperative radiographical character-
istics of the OPLL (size of the OPLL [number of vertebrae
involved], OPLL type, occupying ratio, Cobb angle between
C2 and C7 [cervical lordotic angle; C2-C7 angle], and the
presence of a high intensity area on T2 magnetic resonance
imaging). The hospital stay and the presence of neurologi-
cal deterioration within 2 weeks postoperatively were also
investigated. On the basis of the distribution of intraoperative
blood loss on the box-and-whisker plot, we defined an esti-
mated intraoperative blood loss greater than 500 g as major
blood loss (Figure 1). We compared the patients’ characteris-
tics, their surgical data, and the radiographical characteristics
of OPLL in the patients with major blood loss and the control
group. We also surveyed whether it was possible to determine
the risk factors for major blood loss within the radiographical
characteristics by a multivariate analysis.

All analyses were carried out using the IBM SPSS Statistics
software program, version 19 (SPSS, Inc., Somers, NY). For
the comparisons of the parameters between the groups, the
chi-square test was used for categorical data, and the Mann-
Whitney U test was used for continuous variables. Spearman
rank correlation coefficient was calculated to analyze the cor-
relation between the variables. The risk-factor analysis was
conducted by a multivariate logistic regression analysis. For
all statistical tests, P < 0.05 was considered to be significant.

RESULTS

This study identified 574 eligible patients. The estimated
intraoperative blood loss was reported for 545 patients
(429 male and 116 female). The mean age of the patients
was 62.7 *= 9.9 years (range, 30-86 yr). Twenty-four per-
cent of the patients had diabetes mellitus and 30.8% had
hypertension. No patient had any kind of coagulopathy that
could have potentially affected the intraoperative hemosta-
sis. A total of 286 patients (52.5%) underwent double-door
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Figure 1. The distribution of intraoperative blood loss during cervical
laminoplasty for ossification of the posterior longitudinal ligament.
Circles indicate outliers; stars, extreme outliers.

laminoplasty and 234 patients (42.9%) had open-door lami-
noplasty. Other types of expansive laminoplasties were per-
formed in 25 patients (4.6 %). The mean number of the surgi-
cally treated vertebrae was 5.0 + 0.8 (range, 3-8). The mean
length of the operation was 156 * 70 minutes (range, 43-573
min), and the mean intraoperative blood loss was 223 = 330
g (median, 130 g; range, minimal to 3350 g) (Figure 1). The
mean hospital stay was 28.9 = 18.9 days (range, 5-199 d).
Neurological deterioration in the lower limbs within 2 weeks
postoperatively was reported in 3.3% of the patients, and
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neurological deterioration in the upper limbs was reported in
6.7% including proximal paresis (CS palsy) in 4.4%.

Major intraoperative blood loss greater than 500 g was
reported in 46 patients. One of those patients was compli-
cated by a vertebral artery injury while making a trough for
double-door laminoplasty, and the intraoperative blood loss
was 1460 g. Excluding this patient, 8.3% (45 of 544 patients)
had major blood loss during uneventfully completed lami-
noplasty, and only these patients were included in further
analyses. The incidence of major blood loss in double-door
laminoplasty was 4.2%, whereas it was 12.0% in subjects
who underwent open-door laminoplasty. The prevalence of
diabetes and hypertension was not significantly different from
the major blood loss group and the control group (diabetes
mellitus, 17.8% vs. 24.7%, P = 0.30; hypertension, 40.0%
vs. 29.9%; P = 0.16). The surgical data were compared in
the 2 groups, and the mean numbers of surgically treated ver-
tebrae were 5.1 £ 1.0 and 5.0 = 0.8 (P = 0.68), and the
mean lengths of the operations were 240 = 112 and 149 +
59 minutes (P < 0.001), respectively. The mean hospital stays
were 29.5 * 14.4 and 28.8 = 19.1 days, respectively, and
had a tendency to be longer in the major blood loss group
(P = 0.16). Patients with major blood loss were more likely
to have neurological deterioration in the lower limbs (5/45 vs.
12/499) and C5 palsy (5/43 vs. 19/496) than those without
major blood loss.

Next, the preoperative radiographical characteristics of
OPLL were compared in the 2 groups (Table 1). The occupy-
ing ratio was greater in the major blood loss group (48.3%
vs. 42.2%, P = 0.02). We further stratified the patients by
laminoplasty types to compare the occupying ratio between
patients with or without major blood loss. In the double-door
laminoplasty group (n = 234), the occupying ratio was sig-
nificantly greater in patients with major blood loss than in
the control group (53.5% wvs. 42.4%, P = 0.007). Also in
the open-door laminoplasty group (n = 285), the occupying
ratio was greater in patients with major blood loss, although
it did not reach statistical significance (44.3% vs. 41.7%,
P = 0.36). We performed a scatterplot analysis focusing on
the relationship between intraoperative blood loss and the
occupying ratio (Figure 2), but no strong correlation was
found (r = 0.13, P = 0.002). However, among those with
a high occupying ratio of 60% or greater, major blood loss
was reported in 16.7% (10 of 60 patients), whereas it was
reported in only 6.9% of those with an occupying ratio less
than 60%. These radiographical parameters were surveyed
for a risk-factor analysis. The patient age, sex, size of OPLL,
OPLL type, and an occupying ratio of 60% or greater were
used for the independent variables. A total of 515 patients in
whom all these parameters were available were included in
this analysis. By the stepwise multivariate logistic regression
analysis, an occupying ratio of 60% or greater was the only

: 8. 4
Sex (male/female) 428/116 39/6 389/110 0.17
Age (yr) 62.7 £ 9.8 60.6 = 10.1 62.9£9.8 0.10
Size of OPLL (vertebrae) 3.7 £1.5(n=536) 39x1.4(n=43) 3.6 £1.5(n=493) 0.23
OPLL type 0.14
Continuous 103 (19.9%) 13 (31.7%) 90 (18.9%)
Segmental 134 (25.9%) 10 (24.4%) 124 (26.1%)
Mixed 257 (49.7%) 18 (43.9%) 239 (50.2%)
Local 23 (4.4%) 0(0.0%) 23 (4.8%)
Not specified 27 4 23
Occupying ratio (%) 42.7 = 13.2 (n = 535) 483 = 13.4 (n = 43) 422 = 13.1 (n = 492) 0.02
C2-C7 angle (9) 12.2 £10.5 (n = 534) 125 9.8 (n = 43) 12.2 £10.6 (n = 491) 0.93
High-intensity area on T2 magnetic 0.51
resonance imaging
+ 383 (72.4%) 33 (76.7%) 350 (72.0%)
- 146 (28.0%) 10 (23.3%) 136 (28.0%)
Not available 15 2 13
All parameters were compared in the major blood loss group and the control group.
OPLL indicates ossification of the posterior longitudinal ligament.
E1590 www.spinejournal.com December 2012
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Figure 2. The scatter diagram of intraoperative blood loss and occupy-
ing ratio of ossification of the posterior longitudinal ligament.

variable that remained significant (odds ratio, 2.4; 95% con-
fidence interval, 1.1-5.3; P = 0.03).

DISCUSSION

We have investigated the distribution of intraoperative blood
loss during laminoplasty for OPLL, and major blood loss
greater than 500 g was reported in 8.3% of the patients.
Major blood loss was associated with an increased risk of
postoperative neurological deterioration and a longer hospital
stay. An occupying ratio of 60% or greater was the only clear
risk factor among the preoperative radiographical character-
istics of OPLL for major intraoperative blood loss.

In the present study, the mean intraoperative blood loss
was 223 g and the median was 130 g. There have been several
studies that reported the intraoperative blood loss in cervical
laminoplasty for CSM.>!! The mean blood loss ranged from
43 to 608 g, but many of the cases lost less than 100 g.5>! On
the contrary, only a few studies have reported the intraopera-
tive blood loss in laminoplasty for OPLL, with the amounts
ranging from 119 to 493 g.>%71%% The results of the present
study for the mean blood loss correlate with these reports.
Three previous reports compared the amount of blood loss in
OPLL and CSM,>%7 and 2 of them indicated that the blood
loss was greater in the OPLL group.®® It is necessary to keep
in mind that in these studies of small surgical populations, the
rare cases of major blood loss may not be reflected in the aver-
age. The present study is the first report that mentions the dis-
tribution of intraoperative blood loss during laminoplasty for
OPLL based on the analysis of the largest number of surgical
subjects in multiple institutions. The fact that the maximum
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blood loss was more than 3000 g, with all operations per-
formed by experienced surgeons in the federal research study
group, is worth attention.

Major intraoperative blood loss is important because
it is known to be associated with multiple postoperative
complications.'*'"*' Major blood loss during spine surgery
can cause inadvertent hypotension and jeopardize the spinal
circulatory system, which may potentially result in postopera-
tive neurological deterioration. There has been no study that
has discussed the risk factors for major blood loss in spine
surgery. Defining major intraoperative blood loss is somewhat
challenging. There have been a few published risk-factor anal-
yses of intraoperative blood loss in liver surgery, but their defi-
nitions of major blood loss varied among the studies, including
1500 g and the 25th percentile of the population.?>?* Because
there is no established definition of significant intraopera-
tive blood loss during spine surgery** and whether a transfu-
sion was performed was not known in the present study, we
defined 500 g as the cutoff, because blood loss of greater than
approximately S00 g was recognized as an outlier on the box-
and-whisker plot (Figure 1). Patients with major blood loss
above this cutoff were more likely to have neurological dete-
rioration than those without major blood loss in the present
study, although this association could be complicated by the
difference in the occupying ratio between the 2 groups. The
association between intraoperative hypotension and spinal
cord damage has not been proven,!” but some of these compli-
cations could have been avoided by careful preoperative plan-
ning including the preparation of blood transfusion.

We attempted to identify the risk factors for major blood
loss in the preoperative radiographical characteristics of
OPLL. The surgical procedure used for laminoplasty is the
same, regardless of the morphology of the OPLL, besides the
longitudinal exposure of the surgical field and the number
of expanded vertebrae being larger according to the size of
OPLL. Therefore, the size of the OPLL was expected to be a
risk factor, but interestingly it was not significantly larger in
the group that experienced major blood loss. On the contrary,
a high occupying ratio of 60% or greater was found to be a
clear risk factor for major blood loss. An occupying ratio of
60% or greater is also known to be a risk factor for the devel-
opment of myelopathy,” and we used this value as the cutoff
in this observational study instead of performing the receiver
operating characteristic curve analysis. When laminoplasty is
performed in patients with OPLL with a high occupying ratio,
we recommend that a blood transfusion should be prepared
preoperatively in case of major blood loss. The patients should
also be well informed about this possible complication.

Although the occurrence of abnormal intraoperative
bleeding during laminoplasty for OPLL has been historically
reported,? the episodes have been reported only anecdotally
because of its relative rarity, and the precise frequency and
the pathology of major blood loss in laminoplasty remain
unknown. Some authors have hypothesized that the bleeding
tendency in patients with OPLL is caused by the abnormality
of angiogenesis associated with ectopic bone formation,®
whereas other authors showed that intraoperative blood loss
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during cervical laminoplasty correlates with the vertebral
intraosseous pressure, which is considered to be identical to
the epidural venous pressure.* The abnormal distention of the
epidural venous plexus was also reported by close intraopera-
tive observation during laminoplasty.?® In the present article,
we found that a high occupying ratio was a risk factor for
major blood loss. Thus, we speculate that the thick OPLL
obstructs local epidural venous drainage via Batson plexus,
thereby changing the local circulation pattern.

There are some limitations to this study that should be
kept in mind when interpreting the results. First, whether a
transfusion was performed or not was not reported in the
study. Some of the complications related to spine surgery are
known to be associated with transfusion. We used 500 g as
the cutoff for major blood loss and showed that blood loss of
greater than this value was associated with a poor postopera-
tive outcome, but what percentage of the subjects in the major
blood loss group consequently needed a blood transfusion is
unknown. Second, it is possible that the study population had
some selection bias. We chose to use the population selected
in the national survey, and all the diagnoses and surgeries
were done by experienced surgeons in university hospitals or
national medical centers. Therefore, the demographical data
of these patients might have been different from those of the
population in which laminoplasty for OPLL is generally indi-
cated. On the contrary, the accuracy of diagnosis and surgical
skill were of guaranteed quality, and the episodes of major
blood loss may be encountered more frequently in other insti-
tutions or when surgeries are performed by less experienced
surgeons. Third, it is unclear where and when in the surgi-
cal procedure major blood loss occurred. The relatively larger
amount of bleeding could have continued throughout the
procedure; from the incision to the closure of the wound, or
the massive bleeding could have occurred only in association
with the manipulation of the lamina and extradural tissue. A
high occupying ratio was found to be a risk factor for major
blood loss; therefore, the massive bleeding may have occurred
during the opening of the lamina on the distended epidural
venous plexus. Further studies that include close intraopera-
tive observations are warranted to prove this. Finally, given
that the incidence of major blood loss was 16.7% even with
a high occupying ratio, it is speculated that major intraopera-
tive blood loss is multifactorial. The patients’ characteristics,
including their comorbidities (cardiovascular diseases, his-
tory of anticoagulation, etc.) and surgeons’ factors (preferred
methods for the procedure, experience, etc.) can affect the
incidence of major blood loss. For example, intraoperative
blood loss has been reported to be greater in open-door lami-
noplasty than in double-door laminoplasty,”” possibly because
epidural venous plexus is more developed laterally than in the
middle of the spinal canal, and it can be more easily damaged
during the manipulation of the lamina. The present study also
reported major blood loss more frequently in the open-door
laminoplasty group, and it may be partly associated with this
anatomical factor. Among these potential risk factors, we
have focused on the radiographical characteristics of OPLL
in the study, which can be objectively assessed preoperatively.

E1592  www.spinejournal.com

Further studies are warranted to identify risk factors other
than the radiographical characteristics.

CONCLUSION

Laminoplasty for OPLL is associated with a risk of major
intraoperative blood loss, which can potentially give rise
to devastating postoperative complications. A multivariate
analysis showed that patients with a high occupying ratio of
60% or greater were at a 2.4-fold higher risk of major intra-
operative blood loss greater than 500 g. When we choose to
perform laminoplasty for OPLL with a high occupying ratio,
a sufficient transfusion should therefore be prepared preop-
eratively with extreme care.

> Key Pomts

EI Thls is the retrospecttve multl mstatutnonal study
~ investigating the distribution of mtraoperattve blood
Ioss in Iammopiasty for cerwcal OPLL in 545 patlents.

El Major mtraoperatlve blood loss greater than 500 g
_ during uneventfully completed Iamlnoplasty was
~reported in 45 patients (8.3%), and it was ‘associated
~with an increased risk of postoperative neurologlcal
detenora‘uon and a Ionger hosp ta stay

D Patlents witha hlgh occupying ratlo (>60%) were at
a 2.4-fold higher risk of major lntraoperatlve blood
Ioss than those thh a lower occupymg ratlo

Acknowledgments

The authors thank the following doctors: Dr. Yuichi Hoshino,
Dr. Shinnosuke Nakahara, Dr. Masahiko Watanabe, Dr. Tsuy-
oshi Kato, Dr. Atsushi Ono, Dr. Yoshihisa Kotani, Dr. Mamoru
Mitsukawa, Dr. Kosei Jjiri, Dr. Norio Kawahara, Dr. Satoshi
Inami, Dr. Katsushi Takeshita, Dr. Yukihiro Nakagawa, Dr.
Toshihiko Taguchi, Dr. Masashi Yamazaki, Dr. Kenji Endo,
Dr. Hironobu Sakaura, Dr. Kenzo Uchida, Dr. Yoshiharu
Kawaguchi, Dr. Masashi Neo, Dr. Masahito Takahashi, Dr.
Katsumi Harimaya, Dr. Hideo Hosoe, Dr. Shiro Imagama,
Dr. Shinichiro Taniguchi, Dr. Takui Ito, Dr. Takashi Kaito, Dr.
Kazuhiro Chiba, and Dr. Morio Matsumoto.

References

1. Edwards CC, Heller J. Cervical laminoplasty. In: Herkowitz HN,
Garfin SR, Eismont FJ, et al., eds. Rothman-Simeone The Spine.
Philadelphia, PA: Saunders; 2006:877-95.

2. Shibuya S, Komatsubara S, Oka S, et al. Differences between subto-
tal corpectomy and laminoplasty for cervical spondylotic myelopa-
thy. Spinal Cord 2010;48:214-20.

3. Chiba K, Ogawa Y, Ishii K, et al. Long-term results of expansive
open-door laminoplasty for cervical myelopathy—average 14-year
follow-up study. Spine 2006;31:2998-3005.

4. Edwards CC II, Heller JG, Murakami H. Corpectomy versus
laminoplasty for multilevel cervical myelopathy: an independent
matched-cohort analysis. Spine 2002;27:1168-75.

5. Kakiuchi M. Intraoperative blood loss during cervical laminoplasty
correlates with the vertebral intraosseous pressure. | Bone Joint
Surg Br 2002;84:518-20.

6. Kishiya M, Furukawa K, Yokoyama T, et al. Comparison of
cardiovascular parameters between patients with ossification of
posterior longitudinal ligament and patients with cervical spondy-
lotic myelopathy. ] Spinal Disord Tech 2009;22:361-6.

December 2012

Copyright © 2012 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

—271—



7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Splne SURGERY

Major Blood Loss in Laminoplasty ¢ Kato et al

Meyer SA, Wu JC, Mummaneni PV. Laminoplasty outcomes:
is there a difference between patients with degenerative stenosis
and those with ossification of the posterior longitudinal ligament?
Neurosurg Focus 2011;30:E9.

. Orabi M, Chibbaro S, Makiese O, et al. Double-door laminoplasty

in managing multilevel myelopathy: technique description and
literature review. Neurosurg Rev 2008;31:101-10.

. Tsutsumimoto T, Shimogata M, Ohta H, et al. Tranexamic acid

reduces perioperative blood loss in cervical laminoplasty: a
prospective randomized study. Spine 2011;36:1913-8.

Wada E, Suzuki S, Kanazawa A, et al. Subtotal corpectomy
versus laminoplasty for multilevel cervical spondylotic myelopa-
thy: a long-term follow-up study over 10 years. Spine 2001;26:
1443-8.

Yukawa Y, Kato F, Ito K, et al. Laminoplasty and skip laminectomy
for cervical compressive myelopathy: range of motion, postopera-
tive neck pain, and surgical outcomes in a randomized prospective
study. Spine 2007;32:1980-5.

Asao Y, Hirasaki A, Matsushita M, et al. A patient who recovered
successfully from severe anemia which continued for one hour
Masui 1997;46:700-3.

Kito K, Fujita H, Utsumi J, et al. A patient with OPLL who had
intraoperative major blood loss. Masui 1989;38:588-9.

Pull ter Gunne AF, Cohen DB. Incidence, prevalence, and analysis
of risk factors for surgical site infection following adult spinal sur-
gery. Spine 2009;34:1422-8.

Schwarzkopf R, Chung C, Park JJ, et al. Effects of perioperative
blood product use on surgical site infection following thoracic and
lumbar spinal surgery. Spine 2010;35:340-6.

Lee LA, Roth S, Posner KL, et al. The American Society of Anes-
thesiologists Postoperative Visual Loss Registry: analysis of 93
spine surgery cases with postoperative visual loss. Anesthesiology
2006;105:652-9.

Grundy BL, Nash CL Jr, Brown RH. Deliberate hypotension for
spinal fusion: prospective randomized study with evoked potential
monitoring. Can Anaesth Soc | 1982;29:452-62.

Seichi A, Hoshino Y, Kimura A, et al. Neurological complications
of cervical laminoplasty for patients with ossification of the pos-

Spine

19.

20.

21.

22.

23.

24.

25.

26.

27.

terior longitudinal ligament—a multi-institutional retrospective
study. Spine 2011;36:E998-1003.

Ogawa Y, Chiba K, Matsumoto M, et al. Long-term results after
expansive open-door laminoplasty for the segmental-type of ossifi-
cation of the posterior longitudinal ligament of the cervical spine:
a comparison with nonsegmental-type lesions. | Neurosurg Spine
2005;3:198-204.

Sakai K, Okawa A, Takahashi M, et al. Five-year follow-up evalu-
ation of surgical treatment for cervical myelopathy caused by ossi-
fication of the posterior longitudinal ligament: a prospective com-
parative study of anterior decompression and fusion with floating
method versus laminoplasty. Spine 2012;37:367-76.

Tse EY, Cheung WY, Ng KF, et al. Reducing perioperative blood
loss and allogeneic blood transfusion in patients undergoing major
spine surgery. | Bone Joint Surg Am 2011;93:1268-77.

Yamamoto Y, Shimada K, Sakamoto Y, et al. Preoperative identi-
fication of intraoperative blood loss of more than 1,500 mL dur-
ing elective hepatectomy [published online ahead of print May 19,
2011). ] Hepatobiliary Pancreat Sci.

Ozier YM, Le Cam B, Chatellier G, et al. Intraoperative blood
loss in pediatric liver transplantation: analysis of preoperative risk
factors. Anesth Analg 1995;81:1142-7.

Elgafy H, Bransford RJ, McGuire RA, et al. Blood loss in major
spine surgery: are there effective measures to decrease massive hem-
orrhage in major spine fusion surgery? Spine 2010;35:547-56.
Matsunaga S, Nakamura K, Seichi A, et al. Radiographic predic-
tors for the development of myelopathy in patients with ossification
of the posterior longitudinal ligament: a multicenter cohort study.
Spine 2008;33:2648-50.

Tsuyama N. A research group for ossification of the posterior
longitudinal ligament. In: Japanese Ministry of Health and Welfare,
ed. Summaries of Investigation and Research on Diseases Specified
by the Ministry of Health and Welfare. Tokyo, Japan: Japanese
Ministry of Health and Welfare; 1972-1978:115-28.

Okada M, Minamide A, Endo T, et al. A prospective randomized
study of clinical outcomes in patients with cervical compressive
myelopathy treated with open-door or French-door laminoplasty.
Spine 2009;34:1119-26.

www.spinejournal.com  E1593

Copyright © 2012 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

—272—



Arch Orthop Trauma Surg (2012) 132:765-771
DOI 10.1007/s00402-012-1475-x

Neurological recovery after posterior decompression surgery
for anterior dural compression in paralytic spinal metastasis

So Kato - Takahiro Hozumi - Katsushi Takeshita -
Taiji Kondo + Takahiro Goto * Kiyofumi Yamakawa

Received: 6 January 2012 /Published online: 14 February 2012
© Springer-Verlag 2012

Abstract

Purpose Paralysis in spinal metastasis is often caused by
anterior dural compression, and anterior approach has been
frequently chosen for decompression despite its dreadful
complications. On the other hand, the effectiveness of
posterior indirect decompression has not specifically
established. The objective of the present study was to
investigate the anatomical patterns of dural compression,
and to clarify the effectiveness of posterior surgery for
anterior lesions.

Methods We retrospectively analyzed the anatomical
patterns of spinal metastasis on MRI images and the neu-
rological recovery in the paralytic patients who underwent
posterior decompression and fusion surgery with intraop-
erative radiation therapy. The recovery rate was compared
between those with an anterior or circumferential dural
compression (A+), who were indirectly decompressed, and
those with a posterior and/or lateral dural compression (A—),
who were directly decompressed.

Results A total of 135 cases were included in the study,
and 81.5% had anterior dural compression (A+). In the A+
group, 88.2% of preoperatively non-ambulatory cases
regained the gait. Full recovery was achieved in 50% of
preoperatively ambulatory cases. These rates were not
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significantly different from those in the A— group. The rate
of gait regain was diminished in the surgeries of the middle
thoracic spine (T5-8).

Conclusions Most spinal metastases cause paralysis by
anterior compression; however, the result of posterior
indirect decompression was similar to that of posterior
direct decompression, although kyphosis negatively affec-
ted the result. Anterior decompression might not always be
necessary for soft tumor compression as long as the adju-
vant therapy is effective for the local control.

Keywords Spinal metastasis - Paralysis - Posterior
decompression surgery - Anterior compression

Introduction

Increasing numbers of patients with metastatic spinal
tumor are currently being encountered in the clinical set-
ting. With the amazing progress of the treatment of tumors
and the improvement of prognosis, the treatment of
paralysis due to spinal metastasis is an emerging challenge
for all spine surgeons. Since the dural sac is often com-
pressed anteriorly by the tumor mass, some surgeons
believe that anterior surgery is superior to posterior surgery
for accomplishing decompression {1, 2]. Anterior surgery,
however, has some definite drawbacks in its potentially
mortal complications including respiratory impairment and
major vessel damage [3]. These complications may
potentially preclude surgical intervention for patients in an
advanced stage. Moreover, not all anterior compressive
lesions necessitate an anterior direct decompression. For
example, good neurological results have been reported with
posterior surgery for patients with paralysis due to burst
fracture [4, 5].
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Although some authors have reported favorable out-
comes following posterior surgery for paralytic spinal
metastasis [6—8], their studied population numbers are
limited and the detailed clinical results according to the
morphological patterns of metastasis were not reported.
Therefore, the results of posterior decompression for
anterior compression have not been specifically estab-
lished. We have performed posterior decompression sur-
gery for paralytic spinal metastasis, even with anterior
compressive lesion, believing that posterior indirect
decompression is satisfactory as long as local control of the
anterior lesion is guaranteed. For the local control of the
tumor, we use intraoperative radiation therapy (IORT),
which allows for direct high-dose irradiation to the residual
tumor and avoids damage to the spinal cord with the use of
a lead shield [9]. In the present study, we investigated the
anatomical and morphological characteristics of the dural
compression by the spinal metastasis and compared the
result of posterior decompression surgery for various pat-
terns of metastasis to clarify the effectiveness of posterior
surgery for anterior lesion.

Materials and methods

We retrospectively analyzed the data of 205 patients with
metastatic tumor in the cervical, thoracic or lumbar verte-
brac who underwent posterior decompression surgery
between November 1992 and December 2008.

Surgical indication and procedure

Surgery was indicated in those patients with paralysis due
to spinal metastasis who presented with neurological
impairment and had an expected survival period of more
than 6 months, and whose general condition was good
enough to be a candidate for a surgery under general
anesthesia. Preoperative embolization of the tumors’ blood
vessels was performed for hypervascular tumors, such as
metastases from renal and thyroid cancer. We performed a
wide laminectomy by a posterior approach to decompress
the dural sac. For extradural tumors in the spinal canal, we
only resected the dorsal portion to the equator as much as
possible. We did not, however, resect ventrally located
extradural tumors to avoid massive bleeding and spinal
cord damage. Thus, the metastases that were associated
with anterior dural compression were indirectly decom-
pressed by our procedure. Thorough direct decompression
was accomplished in those with posterior and/or lateral
dural compressions. Instrumentation was also performed in
almost all patients, mainly by a 2 above and 2 below
pedicle screw fixation, with a few exceptions of those with
limited prognosis or activity of daily living and increased
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risk of surgical site infection. For those with tumors of low
radiosensitivity, preoperative or postoperative external
radiation therapy was applied additionally.

Intraoperative radiation therapy

For all patients, intraoperative irradiation was applied for
the residual lesions in the pedicles and vertebral body.
After decompression was achieved, a lead plate was set on
the lamina to shield the spinal cord. The patient was
transferred to the irradiation room and electron beam
irradiation was then administered. The electron energy was
determined such that the most ventral region of the tumor
would receive at least 40% of the dose. The delivered dose
was 20-30 Gy, which biologically corresponds to approx-
imately 45-70 Gy of fractionated external irradiation.
Electron beams show marked scatter, spreading from
behind the shielded central spinal cord region to reach the
posterior region of the vertebral body located directly
anterior to the spinal cord (Fig 1).

Statistical analysis

The patients who were followed for more than 3 months
after the surgery were included in the study. The details of
the surgical procedure (operation time, estimated blood
loss, use of instrumentation, use of external radiation
therapy, and primary tumor) were investigated. The oper-
ated level was categorized into cervical, thoracic (upper:
T1-4, middle: T5-8 and lower: T9-12) and lumbar. The
most involved spinal level was adopted for the surgeries
involving multiple vertebrae.

Preoperative axial MRI images were used to locate the
metastatic lesions in the vertebra as well as the primary
compression site of the dural sac in the spinal canal.
Lesions in the vertebral body, the pedicles and the posterior
elements were defined as “anterior”, “lateral” and “pos-
terior”, respectively. The anatomical existence of the
metastasis was classified into seven categories (three
locations and their combinations). The primary compres-
sion site of the dural sac was defined in the same way, but
we added “circumferential” compression instead of
“anterior, lateral and posterior” (Fig. 2). The neurological
recovery was compared between the group with anterior or
circumferential dural compression (A+ group), which was
indirectly decompressed, and the group with posterior and/
or lateral compression (A— group), treated with direct
decompression. The recovery rate was further surveyed
according to the involved spinal level.

All analyses were carried out using IBM SPSS Statistics
Version 19 (SPSS, Inc., Somers, NY, USA). The Chi
square test was used to analyze the difference in the cate-
gorical data between the two groups and Student’s t test or
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Fig. 1 Intraoperative radiation therapy (a schema of irradiation, b isodose curves of dose distribution [9]) The permission to use this figure was
obtained from Wolters Kluwer Health via Rightslink by Copyright Clearance Center on December 31 2011. License number is 2819330625001

Fig. 2 Anatomical patterns of dural compression (a anterior, b lateral, ¢ posterior, d circumferential)
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Mann-Whitney’s U test was used in the analyses of con-
tinuous variables. P values of less than 0.05 were consid-
ered to be significant for all statistical tests.

Results

A total of 233 spinal metastases surgeries were performed
in 205 patients. Fourteen patients had two surgeries and
seven patients had three surgeries. We excluded from the
analysis 14 surgical cases with local recurrence in the same
or adjacent vertebrae and 43 cases in which we did not use
the instrumentation for various reasons. Among the
remaining 176 cases, 156 cases followed for more than
3 months after the surgery (follow up period: 3 months to
9.5 years, mean: 30 months) were included. Preoperative
MRI images were available in 135 cases and were finally
included in our analysis.

The anatomical location of the metastasis is summarized
in Fig. 3. Metastasis was positioned anteriorly in 129
patients (95.6%), laterally in 94 patients (69.6%) and
posteriorly in 90 patients (66.7%). Figure 4 shows the
location of the primary dural compression. The patients
with posterior and/or lateral dural compression accounted
for 18.5% (A—). The remaining 81.5% had anterior dural
compression (A+) and were indirectly decompressed by
posterior decompression surgery.

Patient demographic data are shown in Table 1. The
neurological status of 93 cases (68.9%) were Frankel C or
worse, namely not ambulatory, and the remaining 42 cases
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|

Fig. 3 Locations of metastases in a vertebra. Metastasis was present
anteriorly in 95.6% of cases
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Fig. 4 Primary dural compression site. Anterior or circumferential
dural compression was present in 81.5% of cases

(31.1%) were ambulatory with some neurological impair-
ment (Frankel D). Metastases in the thoracic spine
accounted for 65.9% of the cases. As the primary tumor,
breast cancer accounted for the biggest proportion (21.5%),
followed by colon cancer (13.3%), kidney cancer (12.6%)
and thyroid cancer (11.1%). There were no significant
differences between the two groups in gender, age, pre-
operative neurological status, operated spinal level, oper-
ation time, estimated blood loss and the rate of additional
external radiation therapy.

Overall, 92.6% (125/135) of the cases were ambulatory
and 27.4% (37/135) showed full recovery with no neuro-
logical impairment postoperatively (Table 2). In the A+
group, 76 cases were not ambulatory preoperatively and
67 of them (88.2%) regained the gait postoperatively. Full
recovery was achieved in 50% (17/34) of preoperatively
ambulatory cases. On the other hand, in the A— group, 17
cases were not ambulatory preoperatively and 16 of them
(94.1%) regained the gait postoperatively. Full recovery
was achieved in 50% (4/8) of preoperatively ambulatory
cases. Neither the rate of gait regain nor the rate of full
recovery was significantly different between the two
groups (P = 0.47 and P = 1.00, respectively). The rate of
neurological recovery of at least one Frankel’s grade was
80.0% in both groups. Among the non-ambulatory cases in
the A4 group, surgeries in the cervical spine had a most
remarkable rate of gait regain (100%) and those in the
thoracic spine were the worst (85.5%). More specifically,
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