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CERVICAL SPINE

Cervical Myelopathy in Patients With Athetoid

Cerebral Palsy
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Study Design. Retrospective clinical study.

Objective. To report the surgical outcomes of patients with
cervical myelopathy associated with athetoid cerebral palsy and to
assess whether a halo vest is necessary for postoperative external
immobilization.

Summary of Background Data. Although a halo vest has
remained the first choice for postoperative external immobilization
of patients with cervical myelopathy associated with cerebral palsy,
simplification of this method has been attempted in recent years.
Studies focusing on postoperative external immobilization are rare.
Methods. Since 2001, 20 patients underwent surgery with
posterior instrumented fusion or posterior fixation and anterior
decompression with fusion with a year or longer follow-up.
Before 2004, all patients were given a halo vest for postoperative
external immobilization. After 2004, halo vests were not used,
and when abnormal involuntary neck movements were severe,
an intramuscular injection of botulinum toxin was administered
before and after surgery. Surgical outcomes, surgical methods and
complications were compared between the group that used a halo
vest and the group that did not use a halo vest.

Results. In the halo vest group, the average Japanese Orthopedic
Association score was 6.9 points before surgery and 9.3 points at
1-year follow-up. The average recovery rate was 25.0%. In the group
without halo vest use, the average Japanese Orthopedic Association
score was 5.8 points before surgery and 9.9 points at 1-year follow-
up. The average recovery rate was 35.7%. The group without halo
vest use achieved outcomes equal to those achieved in the group
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with halo vest use. The frequency of complications was less without
halo vest use than with halo vest use.

Conclusion. No inferiority in clinical outcomes was seen if
postoperative halo vest use was omitted. Progress in surgical
instrumentation and injection of botulinum toxin may explain this
result.

Key words: cervical myelopathy, athetoid cerebral palsy, surgical
outcomes, halo vest, botulinum, postoperative external immobiliza-
tion, instrumentation. Spine 2013;38:E151-E157

thetoid cerebral palsy (CP) can cause cervical spon-
dylosis through involuntary movements, and cervi-
wcal myelopathy can occur at a relatively young age.'™
Conservanve therapy is not appropriate, and surgical treat-
ment is often required.” Because of the additional problems
of strong muscle tone and involuntary movements, the treat-
ment of cervical myelopathy is more difficult than that of typi-
cal spondylotic myelopathy. Decompression without fusion is
not recommended because of the repetitive cervical move-
ment.® Patients with CP undergoing laminoplasty often show
late neurological deterioration because of adjacent segment
instability and progression of spondylosis of the upper cervi-
cal spine.” At surgery, therefore, rigid instrumented fixation
using strong anchors such as pedicle screws at adequate lev-
els is required. Although there are several reports concerning
surgical outcomes,>?! studies that focus on postoperative
external immobilization are rare. Here, we report the surgical
outcomes of patients in our institute with cervical myelopa-
thy associated with CP and compare the results obtained with
and without the use of a halo vest for postoperative external
immobilization.

MATERIALS AND METHODS

Patient Population

Patients who underwent posterior instrumented fusion were
selected. To obtain a more homogeneous population, patients
who underwent only posterior decompression were excluded.
Since 2001, a total of 20 (14 males, 6 females) patients with
cervical myelopathy with CP underwent posterior decompres-
sion with instrumented fusion or posterior fixation with ante-
rior decompression with fusion in our hospital with a year
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Total cases 10 10

Sex (n)

Male 6 8
Female 4 2

Age at surgery (yn)* 50.6 (39-70) | 58.6 (39-72)
Duration of symptoms (mo)* 61.7 (3-260) 61.1 (2-396)

Follow-up period (mo)* 91.9 (12-124) | 29.91(12-82)

Surgical Procedure

PDF 9 9

PF + ADF 1 1

*Values are expressed as the mean, with the range in parentheses.
tStatistically different from the data in halo vest group (P < 0.07).

PDF indicates posterior decompression with instrumented fusion; PF, posterior
fixation; ADF, anterior decompression with fusion.

or longer of follow-up. Their mean age at surgery was 54.6
years, and they were followed for an average of 61.4 months.
Before 2004, 9 patients were treated with posterior decom-
pression with instrumented fusion, and 1 patient was treated
with posterior fixation and anterior decompression with
fusion. In these 10 patients, postoperative external immobiliza-
tion was performed using a halo vest for 1 to 3 months. These
10 patients were defined as the “ halo vest group” in this study.
After 2004, if abnormal involuntary neck movements in
patients were severe, an intramuscular injection of botulinum
toxin was given before and after surgery. We simplified the
postoperative external immobilization treatment commenc-
ing with the botulinum toxin treatment. Nine patients were
treated with posterior decompression with instrumented
fusion, and 1 patient was treated with posterior fixation and
anterior decompression with fusion. None of these 10 patients
was treated with halo vest immobilization after surgery, and an
intramuscular injection of botulinum toxin was given to 8 of
them. These 10 patients were defined as the “without halo vest
group” in this study. A summary of the clinical data for the 20
cases is shown in Table 1. A statistical difference in the length
of the follow-up period was seen between the 2 groups, with
a significantly longer duration of follow-up in the halo vest
group. Among all 20 patients, there were 2 salvage surgeries.

Treatment of Cervical Myelopathy in Patients with CP

Essentially, laminoplasty was chosen for patients who had
small involuntary movements and no instability. Posterior
decompression with instrumented fusion was chosen for
patients who had involuntary movements and evidence of
instability. We made it a rule to add anterior decompression
when the spinal decompression was considered inadequate

E152  www.spinejournal.com

JOA score (points)

6.9 (3.5-14.5)
9.3 (4.0-15.5)

5.8 (3.0-11.0)
9.9 (4.0-14.0)

Before surgery*

A year follow-up*

Recovery rate (%)

A year follow-up* | 25.0(13.0-44.4) 35.7 (7.1-66.7)

Fuji's classification at a year follow-up

Excellent 2 3
Good 5 7
Fair 3 0
Poor 0 0

JOA indicates Japanese Orthopaedic Association (full score = 17 points).

Recovery rate = (Postoperative JOA score — preoperative JOA score)/(Full
score (17)— preop. JOA score) X 100

Fuji’s classification; Excellent, indicates improvement with the extent of
patient’s former level of activity; Good, improvement with a minimum
decrease in activity; Fair, improvement with an incresed need for help; Poor,
no improvement or worsening.

*Values are expressed as the mean, with the range in parentheses.

No statistically difference between two groups.

after posterior decompression and fusion. Before 2004, halo
vest immobilization was used routinely for any type of sur-
gery for 1 to 3 months after surgery. After 2004, postopera-
tive external immobilization was not used. Botulinum toxin
treatment was initiated for patients who had large involun-
tary movements.

Clinical Assessment

The Japanese Orthopedic Association scoring system (JOA
score) was used to evaluate patient neurological status before
surgery and at a year’s follow-up, and the Hirabayashi
method? was used to calculate the recovery rate. Neurologi-
cal status at a year’s follow-up was also evaluated using the
Fuji classification.’ Details of the JOA scoring system and
recovery rate are found in our previous report.”> Postopera-
tive external immobilization, surgical method, and preop-
erative and postoperative sagittal alignment of the cervical
spine were examined in each patient. We examined sagittal
alignment according to the report of Azuma et al.*> Details
regarding the surgical method, botulinum toxin treatment,
and complications related to halo vest use and implants dur-
ing the perioperative period are also provided.

Statistical Analysis

A Mann-Whitney U test was used to determine differences
between the 2 groups. Significance was assessed at the P <
0.05 and P < 0.01 levels.
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1 55/M 90 PF+ADF St St

2 42/F 65 PDF St St

3 61/M 63 PDF K K

4 70/M 60 PDF K St

5 65/M 90 PDF L L +
6 41/F 90 PDF K St

7 39/M 60 PDF L L

8 46/F 60 PDF S St

9 48/F 3 PDF L K +
10 39/M 32 PDF St St

11 51/M PDF L

12 72/M PDF S K

13 49/M + PDF L

14 46/M PDF L St

15 62/M PDF L K +
16 55/F + PF + ADF S S

17 71/F PDF L St

18 73/M PDF K St

19 39/M PDF L St

20 68/M PDF L L

EI; //;r;giggfesst,pgi;%ﬁf fixation; ADF, anterior decompression and fusion; PDF, posterior decompression with instrumented fusion; L, lordosis; K, kyphosis; S,

RESULTS

Clinical results are summarized in Table 2. In the halo vest
group, the average JOA score was 6.9 points before surgery
and 9.3 points at 1-year follow-up. The average recovery rate
was 25.0% at 1-year follow-up. In the group without halo
vest use, the average JOA score was 5.8 points before surgery
and 9.9 points at 1-year follow-up, and the average recovery
rate was 35.7% at 1-year follow-up. According to the Fuji
classification, the group without halo vest use obtained results
equivalent to the group that used a halo vest. Key character-
istics of the 20 study cases are shown in Table 3. Cases 1 to
10 were patients in the halo vest group, and cases 11 to 20
were patients without halo vest use. The mean duration of
postoperative halo vest immobilization in the halo vest group
was 61.3 days (range, 3-90 d). The patient who wore the vest
for only 3 days (case 9) had difficulty swallowing, which was
a complication of wearing the halo vest. After it was removed,
this difficulty resolved. An intramuscular injection of botuli-
num toxin was administered to 8 patients in the group with-
out halo vest use. Case 9 and 1 patient in the group without

Spine

halo vest use (case 15) showed development of kyphosis at
sagittal alignment of the cervical spine. Three cases, includ-
ing cases 9 and 15, showed nonunion in the radiographical
examination. These 3 cases resulted in implant failure.
Details of the instrumented methods are shown in Table 4.
A plate-screw or plate-screw-hook system of instrumented
fusion anchors was used initially. More recently a rod-screw
system with pedicle and lateral mass screws was used. Nota-
bly, we commenced using polyaxial screws to increase the flex-
ibility of the connection between rods from case 12 onward.
Furthermore, a combination of sublamina wiring with ultra-
high-molecular-weight polyethylene cable (Tekmilon tape;
Alfresa Pharma, Osaka, Japan). A representative case from
each group is shown in Figures 1 and 2 (cases 7 and 19).
Botulinum toxin treatment was used to decrease spasticity
and involuntary movements. Details regarding botulinum toxin
injections are shown in Table 5. Treatment during the preoper-
ative period administered 1 to 3 times, depending on the grade
of the involuntary movement in each patient. At treatment ini-
tiation, which varied from 14 to 126 days prior to surgery, the
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Figure 1. Postoperative lateral radiographical image in a neutral posi-
tion, 7 years after posterior decompression at C5-C7 with instrument-
ed fusion at C3-C7 using pedicle screws performed for a 39-year-old
man who was diagnosed with cervical myelopathy because of athetoid
CP (case 7). He was treated with a halo vest for postoperative external
immobilization for 2 months.

initial dose was 60 to 100 units. The total amount administered
varied from 60 to 385 units. The muscles into which the toxin
was injected were the sternomastoid, trapezius, splenius capitis,
platysma, iliocostalis thoracis, and scalenus muscles. The tim-
ing, dose, and site of administration were determined by the
posture and muscle tone of the individual patients.

Surgical complications related to halo vest use and implants
are shown in Table 6. Rod breakage (case 5) and loosening
of a pedicle screw occurred (case 9) in patients in the halo
vest group. Dislodgement of rods occurred in 1 patient (case
15) in the group without a halo vest. These patients disliked
the cervical metallic sound and sense of incongruity that were
caused by failed instrumentation. At the request of 2 patients
in the halo vest group, we removed the internal fixation in the
22nd month and 18th month, respectively, after the primary
surgery. As mentioned above, case 9 experienced difficulty in
swallowing while wearing the halo vest. Infection of a halo
vest pin occurred in another patient (case 3). One of the other
complications related to surgery was postoperative radicular

E154 www.spinejournal.com

Figure 2. (A) Postoperative lateral radiographical image in a neutral posi-
tion and (B) T-2 weighted midsagittal magnetic resonance (MR) image, 1
year after posterior decompression at C3-C7 with instrumented fusion at
C2-Th1 using pedicle screws at C2, C7, and T1, and lateral mass screws
at C3, C4, and C5 performed for a 39-year-old man diagnosed with
cervical myelopathy because of athetoid CP (case 19). He was treated
without a halo vest for postoperative external immobilization. An injec-
tion of botulinum toxin was given during the preoperative period.

pain or motor weakness of the upper extremity. Postoperative
radicular pain occurred in 1 patient in the halo vest group. We
performed a second surgery for this case. Postoperative motor
weakness in the upper extremity occurred in 1 patient in each
group. We carefully observed these patients conservatively,
and their muscle gradually recovered from weakness.

DISCUSSION

Postoperative Immobilization for Cervical Myelopathy

Associated with CP

The findings of this study showed that there were no statisti-
cally significant differences in clinical outcomes between the
halo vest group and the without halo vest group at 1-year
follow-up after surgery. We examined previous reports of
posterior decompression performed with instrumented fusion
or posterior fixation and anterior spinal fusion for cervical
myelopathy in patients with CP5&1-1315-1719-21 Although
a halo vest has remained the first choice for postoperative
external immobilization, simplification of this method has
been attempted in recent years.>'”*! Onari et af reported 8
cases that used a soft cervical collar for postoperative external
immobilization. Jameson et al*! reported 2 cases that used cer-
vicothoracic orthosis. Duruflé et al'” reported 1 case with no
external immobilization in the postoperative period. Findings
in this study indicated that a halo vest could be omitted for
cases in which involuntary movements were controlled and
rigid fixation was maintained. This seems to be beneficial in
the context of the perioperative burden of wearing a halo vest.
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1 C2-T1 Plate-screw + +

2 o-C7 Rod-screw-hook +

3 0-Céb Rod-screw-hook + +

4 C2-C7 Plate-screw + + +

5 O-Cé Rod-screw-hook + +

6 C3-C7 Plate-screw + +

7 C3-C7 Rod-screw + +

8 C3-7 Rod-screw + +

9 C3-T1 Rod-screw + +

10 C3-C7 Rod-screw + +

11 C3-C7 Rod-screw + +

12 C2-C7 Rod-screw (P) + +

13 Cc2-C7 Rod-screw (P) + + + C2,C7
14 C2-C7 Rod-screw (P) + + C2,C7
15 C2-C7 Rod-screw (P) + + + C2,C7
16 C2-T4 Rod-screw (P) + + C2,C3,7T2,13
17 C2-T1 Rod-screw (P) + + C2,C7,T1
18 C1-T1 Rod-screw (P) + + C1 LMS

19 C2-T1 Rod-screw (P) + +

20 C3-T1 Rod-screw (P) + + C21LS C2
OS indicates occipital screw; TAS, transarticular screw; PS, pedicle screw; LMS, lateral mass screw; rod-screw (P), rod-screw (poly-axial screw); LS,

lamina screw.

Posterior Instrumented Fusion for Cervical Myelopathy
in Patients with CP

Surgical methods for cervical myelopathy in patients with
CP can be classified generally into anterior decompression
with fusion, posterior decompression with instrumented
fusion, laminoplasty, and posterior fixation and anterior
decompression with fusion. Each method has its merits and
disadvantages. Choice of the surgical method varies among
cases and institutes. The purposes of the surgery are spinal
decompression and preservation of alignment by the fixation.
Some authors have reported the clinical outcomes of posterior
decompression with instrumented fusion for cervical myelopa-
thy in patients with CP.5'3-172021 Fixation with a rod-wiring
system,'® C2 and C7 pedicle screws,' and C2 pedicle screws
and C3 and C4 lateral mass screws have been reported.® Other
reports have described details regarding the surgical outcomes
of posterior fixation and anterior decompression with fus
ion.51-14161921 Posterior fixation with a rod or plate-wiring

Spine

system, 7141 plate-screw-wiring system,'* and rod-screw
el >l

system®*! have been reported. A rod or plate-wiring system
has been the major technique for fixation in the past, but a
rod-screw system has been the focus of much recent attention
with the progress of this instrumentation. In Spine Division,
Department of Orthopaedic Surgery, Chiba University Gradu-
ate School of Medicine, we obtain rigid fixation by using a
C3-Cé6 pedicle screw system in addition to C2, C7, and T1
pedicle screws (Table 4). Recently, other notable techniques,
including sublamina wiring and polyaxial screws, have been
reported. Such new instrumentation and techniques contrib-
ute to the achievement of relatively good surgical outcomes.

Intramuscular Injection of Botulinum Toxin

Recently, the usefulness of the botulinum therapy has been
reported.*'-*2° Injection of botulinum toxin is widely used
to decrease spasticity and involuntary movements associated
with athetosis or dystonia. Wong et al* and Jameson et al*!
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11 21 60 SCM
12 14 60 SC
13 21 (1st) 100 SC, T
7 (2nd) 125 SCM, SC, P
15 126 (1st) 100 P
94 (2nd) 60 P
8 (3rd) 225 SCM, SC, T
16 66 (1st) 100 SCM, 5C
38 (2nd) 100 P ICT
18 51 100 SCM, §
19 27 (1st) 100 SC, T
9 (2nd) 100 TS
20 50 (1st) 100 SC
23 (2nd) 150 SC
S It temockdomsld, £ ot sl copls 7

reported cases of cervical myelopathy in patients with CP
who received posterior fixation combined with an injection of
botulinum toxin. In the current study, details of 8 cases with
botulinum toxin use are reported (Tables 3 and 5). Although
Lee et al" have indicated the possibility of serious complica-
tions associated with toxin injection, we have not experienced
such complications to date. Our findings indicate that an
injection of botulinum toxin may enable control of involun-
tary movement. This effect reinforces rigid cervical fixation
even if a halo vest is not used.

Complications

Because of the large involuntary movements associated with
CP, the number of postoperative complications is relatively
high compared with typical cervical spondylotic myelopa-
thy. Some of the complications are because of involuntary
movements and surgery itself.’® 2% 2! Others are the result
of wearing a halo vest.>'>"” Dislodgement of rods'¢2%%!
and loosening of screws® have been reported previously.
Epstein ef al'’ reported displacement of a halo vest 4 days
after surgery because of severe involuntary movement.
Wong et alé reported a case of loosening of a halo ring
pin. Lee et al*’ reported a halo vest loosening and pin site
infection of 4 out of 4 cases of anterior spinal fusion. Other
important complications related to surgery are postopera-
tive radicular pain and upper extremity motor weakness.
Miyamoto et al*® reported that 2 out of 19 patients devel-
oped CS palsy. In this series, we experienced 2 cases of
radicular pain and 1 case of motor weakness of the upper
extremities in the early postoperative period. There is a
risk that nerve-root irritation from foraminal stenosis will

E156
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Implant failure 2 (20.0%) 1(10.0%)

Difficulty in 1(10.0%) 0 (0.0%)

swallowing after

wearing a halo vest

Infection of halo 1(10.0%) 0 (0.0%)
vest’s pin

occur at a higher rate than in typical cervical spondylotic
myelopathy.

Our results indicate that the frequency of complications
was less in the group without halo vest use than in the group
with halo vest use. We think that these findings are the result
of the decrease in complications with the surgery itself because
of the progress of instrumentation and the absence of compli-
cations because of halo vest omission.

Limitations and Conclusion

This study is limited by its retrospective nature relative to
preoperative assessment of involuntary movements, and
indeed, classification of CP is insensitive. We observed a
statistical difference in the follow-up period between the
2 groups. Further, the surgical procedures and types of
anchors were not homogeneous, nor was the use of botuli-
num toxin. Therefore the results should be interpreted with
caution. Nevertheless, the data provide some useful new
information. This study demonstrates that CP patients with
cervical myelopathy can be adequately managed by botuli-
num injections into the neck muscles to reduce involuntary
movements before posterior decompression with segmen-
tal screw fixation. There was a resultant improvement in
neurological outcome. The addition of a postoperative halo
vest does not improve clinical outcomes or reduce surgical
complications, but poses additional risks of halo-related
complications.
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Abstract

Objective  To confirm the feasibility and safety of gran-
ulocyte colony-stimulating factor (G-CSF) for treating
spinal neuropathic pain associated with compression
myelopathy, we have initiated an open-label single-center
prospective clinical trial.

Methods Between January 2009 and February 2011, 17
patients were accrued and were divided into two groups.
One group included 7 patients who complained of pain
associated with worsening symptoms of myelopathy (pro-

gressing myelopathy-related pain group). The other group

included 10 patients who complained of pain that persisted
after surgery for compression myelopathy (post-operative
persistent pain group). All patients underwent intravenous
administration of G-CSF (10 pg/kg/day) for 5 consecutive
days. Pain severity was evaluated using a visual analog
scale (VAS) before and after G-CSF administration.

Results In 14 of the 17 patients, pain was relieved within
several days after G-CSF administration. Pain disappeared
completely in 3 patients. In the progressing myelopathy-
related pain group, the mean VAS score was 71.4/100
before G-CSF administration, and decreased to 35.9/100 at
1 week after G-CSF administration (p < 0.05). In the post-
operative persistent pain group, the mean VAS score was
72.0/100 before G-CSF administration, and decreased to
51.7/100 at 1 week after G-CSF administration (p < 0.05).

K. Kato - M. Yamazaki ((<]) - A. Okawa - T. Furuya -
T. Sakuma - H. Takahashi - K. Kamiya - T. Inada -
K. Takahashi - M. Koda

Spine Section, Department of Orthopaedic Surgery,
Chiba University Graduate School of Medicine,

1-8-1 Inohana, Chuo-ku, Chiba 260-8670, Japan
e-mail: masashiy @faculty.chiba-u.jp

No severe adverse events occurred during or after G-CSF
administration.

Conclusions The present results provide us with the
possibility that G-CSF has a pain-relieving effect for neu-
ropathic pain in patients with compression myelopathy.

Keywords Neuroprotective therapy - Granulocyte
colony-stimulating factor - Myelopathy -
Neuropathic pain - Clinical trial

Introduction

Granulocyte colony-stimulating factor (G-CSF) is a cyto-
kine that promotes survival, proliferation, and differentia-
tion of cells in the neutrophil lineage [11, 16]. Furthermore,
G-CSF can mobilize both immature and mature bone
marrow cells into the peripheral blood. As a result, it is
used clinically for patients with leukocytopenia and for
donors of peripheral blood-derived hematopoietic stem
cells for transplantation. Recent studies have indicated that
G-CSF also has non-hematopoietic activity and can
potentially be used for the treatment of neuronal injury,
including stroke and neurodegenerative diseases [3, 5, 7,
18, 19]. We previously demonstrated that G-CSF promoted
the restoration of damaged spinal cord tissue and the
recovery of neural function in experimental spinal cord
injury in both mice and rats [4, 6, 12]. In addition, we
showed that G-CSF promoted the migration of bone mar-
row-derived cells into the damaged spinal cord, suppressed
apoptosis of neuronal cells and oligodendrocytes, protected
myelin, decreased inflammation, and promoted angiogen-
esis [4, 6, 12]. Based on these findings, we initiated a
clinical trial that evaluated the safety and efficacy of neu-
roprotective therapy using G-CSF for patients with
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Table 1 Patient data (progressing myelopathy-related pain group)

Case no. Age (years)/gender Diagnosis Most stenotic level Surgical procedure® Time of surgery after
G-CSF administration (weeks)
1 46/M OPLL T6-7 PDF (T2-11) 8
2 75/M OPLL C4-5 PDF (C2-7) 7
3 64/M OPLL C4-5 PDF (C2-7) 2
4 32M OPLL T9-10 PDF (T7-12) 4
5 67/M OLF T11-12 PD (T10-12) 5
6 36/M OPLL T5-6 PDF (T2-10) 7
7 T2/F OPLL T11-12 PDF (T6-L3) 23

OPLL ossification of posterior longitudinal ligament, OLF ossification of ligamentum flavum, PDF posterior decompression with instrumented

fusion, PD posterior decompression
* Surgery after G-CSF administration

worsening symptoms of compression myelopathy [17]. In
this clinical trial, we intravenously administered G-CSF (5
or 10 pg/kg/day) to 17 patients for 5 consecutive days.
G-CSF administration suppressed progression of myelop-
athy in all patients, and no serious adverse events occurred
during or after treatment [17].

During this trial, several cases unexpectedly experi-
enced a dramatic reduction in neuropathic pain associated
with thoracic myelopathy after G-CSF administration [22].
Such a pain-relieving effect of G-CSF was not specified as
an endpoint of this trial. However, this effect has important
implications for future clinical use of G-CSF for com-
pression myelopathy. Thus, we initiated a new clinical trial
to verify the feasibility and safety of using G-CSF for
spinal neuropathic pain. In the present study, G-CSF was
administered to patients who complained of pain associated
with compression myelopathy, and the pain-relieving effect
of G-CSF for spinal neuropathic pain was analyzed.

Materials and methods

We performed a phase I and Ila clinical trial evaluating
G-CSF administration in patients who complained of
neuropathic pain associated with compression myelopathy.
The trial was initiated following the approval of the Insti-
tutional Review Board of our university. According to the
inclusion criteria, patients of 20-85 years of age were
recruited. Patients in the following categories were exclu-
ded: (1) those with intracranial pathologies (e.g., tumors,
infection, or ischemia), (2) those with a history of major
bleeding requiring blood transfusion or a history of leu-
kopenia, thrombocytopenia, hepatic or renal dysfunction,
severe heart failure, or splenomegaly, and (3) those with
evidence of malignant disease within the last 5 years. We
also excluded patients who were pregnant or nursing. Eli-
gible patients gave informed consent for participation in
the trial.

@ Springer

Granulocyte colony-stimulating factor (10 pg/kg/day)
was intravenously administered for 5 consecutive days.
This was an open-label study; thus, there was no control
group. Spinal neuropathic pain of patients analyzed in the
present clinical trial was classified into two categories:
at-level pain and below-level pain [1]. At-level pain is
characterized as pain located within two or three spinal
segments below the neurological level of a spinal cord
lesion. In contrast, below-level pain presents diffusely
caudal to the level of a spinal cord lesion. The severity of
pain was evaluated before and after G-CSF administration
using a visual analogue scale (VAS) ranging from 0 to 100.
We also evaluated severity of myelopathy using the
Japanese Orthopaedic Association (JOA) score (cervical
myelopathy scores range from 0 to 17, thoracic myelopathy
scores range from 0 to 11) [9]. In the present study, two
orthopedic spine surgeons specializing in cervical and
thoracic spine surgery evaluated neurological status inde-
pendently every month until 6 months after G-CSF
administration, and calculated the mean data. Hematolog-
ical data from treated patients were analyzed. Adverse
events using the National Cancer Institute (NCI) Common
Terminology Criteria for Adverse Events, version 3.0 were
also evaluated.

Statistical analysis was performed using a Mann—-Whit-
ney U test. A p value less than 0.05 was considered sta-
tistically significant. Results are presented as mean =+ SD.

Results
Patient data

Between January, 2009 and February, 2011, a total of 18
patients were enrolled in this trial. In one patient, however,
fever developed 3 days after the initiation of G-CSF
administration, and the administration was discontinued.
This patient was excluded from the study. Thus, 17 patients
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Table 2 Patient data (post-operative persistent pain group)

a

Case no. Age (years)/gender Diagnosis Most stenotic level Procedure of previous surgery Time of previous surgery before
G-CSF administration (years)

58/M OPLL C5-6 PD (C3-6) 2
72/M DH T12-L1 PDF (T9-L3) 0.5

10 71M OPLL C5-6 PD (C3-7) 3

11 78/M OLF T10-11 PDF (T10-12) 189

12 70/M OPLL C4-5 PD (C3-5) 30

13 70/F OPLL C5-6 PDF (C2-7)

14 81/F OLF T10-11 PD (T9-11) 5

15 69/M CSM C4-5 PDF (C4--5)

16 62/M CSM C5-6 PD (C3-7) 10

17 63/M OPLL C5-6 PDF (C3-7) 8

DH disc herniation, CSM cervical spondylotic myelopathy
? Surgery before G-CSF administration

Table 3 Neuropathic pain data

Case no. Type of pain VAS before G-CSF Duration of
administration pain

1 At-level 60 0.8

2 Below-level 50 3

3 At-level 50 0.3

4 At-level 80 4

5 At-level 90 0.2

6 At-level 100 0.2

7 At-level 70 5

8 At-level 50 1

9 Below-level 90 3

10 At-level 80 3

11 Below-level 60 19

12 At-level 60 27

13 At-level 60

14 Below-level 80 5

15 Below-level 80 4

16 Below-level 70 11

17 At-level 90 8

VAS visual analogue scale (0-100)

received G-CSF administration and were followed-up for
>6 months (Tables 1, 2). These 17 patients were divided
into two groups. One group included 7 patients (Cases 1-7)
who complained of pain associated with worsening
symptoms of myelopathy (progressing myelopathy-related
pain group) (Table 1). The other group included 10 patients
(Cases 8§-17) who complained of pain that persisted after
surgery for compression myelopathy (post-operative per-
sistent pain group) (Table 2).

In the progressing myelopathy-related pain group,
worsening of myelopathy occurred due to compression of
the spinal cord by ossification of the posterior longitudinal

ligament (OPLL) or ossification of the ligamentum flavum
(OLF) (Table 1). The mean JOA score for cervical or
thoracic myelopathy decreased >2 points or more during a
recent 1-month period. Of the 7 patients in this group, 6
patients (Cases 1, 3, 4, 5, 6, and 7) complained of at-level
pain and 1 patient (Case 2) complained of below-level pain
(Table 3). The duration of pain was 0.2-5 years (mean,
1.9 years). In all 7 patients, surgery for myelopathy was
performed 2-23 weeks after initial G-CSF administration
(Table 1).

In the post-operative persistent pain group, pain caused
by compression to the spinal cord persisted even after
myelopathy surgery (Tables 2, 3). Of these 10 patients, 5
patients (Cases 8, 10, 12, 13, and 17) complained of at-
level pain and 5 patients (Cases 9, 11, 14, 15, and 16)
complained of below-level pain (Table 3). The duration of
pain in all 10 patients in this group was 1-27 years (mean,
8.2 years), which was significantly longer than that of the
progressing myelopathy-related pain group (p < 0.01).

VAS

In the progressing myelopathy-related pain group, a
decrease in VAS score of >10 was obtained in all 7 patients
within 1 week after initial G-CSF administration. In 1
patient (Case 4), pain completely disappeared. The mean
VAS score immediately before G-CSF administration was
71.4, and it significantly decreased to 35.9 at 1 week after
initial G-CSF administration (p < 0.05) (Fig. la). The
pain-relieving effect of G-CSF was attenuated at 3 months
after administration in 3 patients (Cases 2, 3, and 5), and
the VAS score returned to the pre-administration level in 1
patient (Case 2). However, 3 and 6 months after G-CSF
administration, mean VAS scores were still lower than
those before G-CSF administration (p < 0.05) (Fig. 1a).
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Fig. 1 Visual analogue scale before and after G-CSF administration
in progressing myelopathy-related pain group (a) and post-operative
persistent pain group (b). VAS visual analogue scale, before
immediately before G-CSF administration, /w 1 week after initial
G-CSF administration, / m 1 month after initial G-CSF administra-
tion, 3 m 3 months after initial G-CSF administration, 6 m 6 months
after initial G-CSF administration. *p < 0.05 compared with that
before G-CSF administration. 'p < 0.05 compared with that 1 week
after G-CSF administration. ¥p < 0.05 compared with that 1 month
after G-CSF administration

Figure 2 shows the change of VAS before and after
surgery in seven cases of the progressing myelopathy-
related pain group. After surgery, VAS was not altered in
four cases (Cases 1, 3, 4 and 6), increased in two cases
(Cases 2 and 5), and decreased in one case (Case 7)
(Fig. 2).

In the post-operative persistent pain group, a decrease in
VAS score of >10 was obtained in seven out of ten patients
within 10 week after initial G-CSF administration. In three
patients (Cases 9, 14, and 16), G-CSF did not show any
pain-relieving effect. The mean VAS score immediately
before G-CSF administration was 72.0, and it significantly
decreased to 51.7 at 1 week after initial G-CSF adminis-
tration (p < 0.05) (Fig. 1b). The pain-relieving effect of

@ Springer
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Before

Fig. 2 Change of visual analogue scale after G-CSF administration
in each case of progressing myelopathy-related pain group. VAS
visual analogue scale, before immediately before G-CSF administra-
tion, / w 1 week after initial G-CSF administration, / m 1 month
after initial G-CSF administration, 3 m 3 months after initial G-CSF
administration, 6 m 6 months after initial G-CSF administration.
Arrowheads indicate the time of surgery

G-CSF was attenuated at 3 months in 4 patients (Cases 11,
13, 15, and 17) and at 6 months in 1 patient (Case 12), and
VAS scores returned to pre-administration levels in 4
patients (Cases 11, 13, 15, and 17). The mean VAS score
increased to 64.0 at 3 months after G-CSF administration
(Fig. 1b).

JOA score

In all 7 patients in the progressing myelopathy-related pain
group, the JOA score increased after G-CSF administra-
tion. The mean JOA recovery rate at 1 and 6 months after
G-CSF administration was 32.3 and 54.2 %, respectively
(Table 4).

In the post-operative persistent pain group, an increase
in JOA score was observed in only 3 patients (Cases 8, 10,
and 11). Three patients (Cases 9, 14, and 16), in whom no
pain-relieving effect was observed after G-CSF adminis-
tration, also did not show any increase in JOA score. The
mean JOA recovery rate at 1 month and 6 months after
G-CSF administration was 7.3 and 7.3 %, respectively
(Table 4). Thus, the neurological improvement after
administration of G-CSF in the post-operative persistent
pain group was inferior to that in the progressing mye-
lopathy-related pain group (Table 4).

Blood data

White blood cell count dramatically increased the day after
G-CSF administration; during G-CSF administration, it
increased to 31.2 + 8.3 (x10°/mm?®) (Table 5). G-CSF
mobilized cells of the neutrophil lineage, but lymphocytes

—607—



Eur Spine J (2013) 22:197-204

201

Table 4 Recovery rate of JOA score after G-CSF administration

Group

Time after G-CSF administration

1 month

6 months

Progressing myelopathy-related pain group
Post-operative persistent pain group

32.3 £ 27.7* (0-70.6)
7.3 £12.2 (0-28.6)

542 4 21.2%* (28.6-81.8)
7.3 + 12.2 (0-28.6)

Data are expressed as the mean =+ standard deviation, with the range in parentheses. Recovery rate = (post-operative JOA score — preoperative

JOA score/full score — preoperative JOA score) x 100 (%)

JOA score Japanese Orthopaedic Association score (cervical myelopathy 1-17 points, thoracic myelopathy 0-11 points)

* p < 0.05 compared with that of the post-operative persistent pain group

** p < 0.01 compared with that of the post-operative persistent pain group

Table 5 Blood data before and after G-CSF administration

Normal range Before Peak value after G-CSF administration® p
WBC (x10*/mm>) 4.0-9.0 6.2 + 2.0 (3.3-12.5) 31.2 £ 8.3 (19.2-47.3) <0.01
Neutrophil (x10%/mm?) 1.8-5.0 3.6 + 1.2 (2.0-6.6) 25.8 & 5.4 (16.6-34.1) <0.01
Lymphocyte {x10*/mm?>) 1.0-4.1 2.0 £+ 1.0 (0.9-5.4) 2.1+ 1.1 (0.7-5.9) 0.25
Monocyte (x 10°/mm?®) 0.1-0.6 0.4 & 0.1 (0.2-0.6) 1.2 £ 09 (0.3-3.4) <0.01
CRP (x10*/mm?) <0.5 0.1 & 0.1 (0.0-0.4) 0.3 £ 0.4 (0.0-1.3) <0.01

WBC white blood cell, CRP C-reactive protein
# Peak value within 7 days after initiating G-CSF administration

were not affected. G-CSF also caused an increase of
monocytes. C-reactive protein levels slightly increased, but
this did not appear to be related to any clinical events.

Adverse events

In this series, no patient experienced bone pain or hepatic
dysfunction after G-CSF administration. No other severe
adverse events occurred during or after G-CSF
administration.

Case presentation
Case 6 (progressing myelopathy-related pain group)

A 36-year-old man was admitted to our hospital com-
plaining of progressive motor weakness of his lower
extremities and gait disturbance. On admission, his JOA
score for thoracic myelopathy was 3/11 points. He also
showed spontaneous severe back pain (at-level pain).
Magnetic resonance (MR) and computed tomography (CT)
images showed beak-type OPLL and OLF that compressed
his spinal cord anteriorly and posteriorly at T5-6 (Fig. 3a,
b). Beginning on the day of admission, he received G-CSF.
Six days after initial G-CSF administration, he felt relief of
his back pain. His pain VAS score was 100 before G-CSF
administration, and it decreased to 70 1 week after initial

treatment. At 1 month after initial administration, his VAS
score further decreased to 50. He also felt improved muscle
strength of his legs, and his JOA score increased to 3.5
points. At 7 weeks after G-CSF administration, he under-
went surgery for spinal cord decompression using a pos-
terior approach and T2-T10 posterior instrumented fusion.
At 6 months after G-CSF administration, he showed
recovery from myelopathy (JOA score = 8 points) and his
VAS score was 50.

Case 11 (post-operative persistent pain group)

A 78-year-old man was admitted to our hospital com-
plaining of motor weakness of his lower extremities and
gait disturbance. Nineteen years prior, he had undergone
T10-12 laminectomy for thoracic myelopathy due to OLF.
After surgery, pain persisted in his lower extremities. On
admission, his JOA score was 4/11 points. In addition to
myelopathy symptoms, he complained of spontaneous
severe bilateral pain at the level of his thigh and leg
(below-level pain). MR images showed that his spinal cord
was decompressed, but was atrophic at T10-11 (Fig. 4a, b).
Beginning on the day of admission, he received G-CSF.
One day after initial G-CSF administration, he felt pain
relief in his bilateral thigh and leg. His VAS score for pain
was 60 before G-CSF administration. At 1 week after ini-
tial administration, the VAS score was reduced to zero and
his pain was diminished. His myelopathy also improved,
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Fig. 3 Case 6. T2-weighted
midsagittal MR image (a) and
CT midsagittal reconstruction
plane (b) showing anterior and
posterior compression of the
spinal cord by beak-type OPLL
and OLF at T5-T6

Fig. 4 Case 11. T2-weighted
MR midsagittal image (a) and
axial image at T10-T11

(b) showing that the spinal cord
was decompressed but was
atrophic at T10-T11

e

and his JOA score increased to 6/11 points 1 month after
G-CSF administration. At 3 months after administration,
however, he felt recurrence of his pain and his VAS score
returned to 60.

Discussion

Neuropathic pain has been defined as a type of pain arising
as a direct consequence of a lesion affecting parts of the
somatosensory system, such as the brain, spinal cord, and
peripheral nerves [1, 10, 21]. Among numerous diseases of
the spinal cord, neuropathic pain following spinal cord
injury (SCI) has been studied most extensively [10, 21].
Baastrup and Finnerup [1] reviewed pharmacological
management of neuropathic pain following SCI. Based on
the data from several randomized controlled trials, these
investigators suggested that pregabalin, gabapentin, and

‘2_) Springer

B

tricyclic antidepressants (TCAs) are optimal first-line
treatments for neuropathic pain associated with SCI. Fur-
thermore, they considered that serotonin-norepinephrine
reuptake inhibitors (SNRIs) are second-line choices, and
that tramadol, opioids, and lamotrigine are third-line
options. However, these researchers concluded that such
oral pharmacological intervention is often inadequate,
commonly resulting in a reduction of only 20-30 % in pain
intensity. Thus, no established cure for spinal neuropathic
pain currently exists.

The present study is the first to report the results of a
clinical trial that evaluated the therapeutic effect of G-CSF
on neuropathic pain associated with compression myelop-
athy. G-CSF was administered to two distinct groups of
spinal neuropathic pain patients: the progressing myelop-
athy-related pain group and the post-operative persistent
pain group. In the 7 patients in the progressing myelopathy-
related pain group, G-CSF administration reduced
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neuropathic pain within several days in all patients. The
mean VAS score was 71.4/100 before G-CSF administra-
tion, and it significantly decreased to 35.9/100 at 1 week
after administration, indicating that the severity of pain
decreased to 50 % of the pre-administration level. In all 7
patients, surgery for compression myelopathy was per-
formed >2 weeks after initial G-CSF administration. Thus,
the pain-relieving effect of G-CSF occurred prior to sur-
gery. We suggest that the pain reduction observed within
1 week of administration in these seven cases was caused
by the pharmacological effect of G-CSF and not by
surgery.

To the best of our knowledge, no report has fully
determined the effect of surgery itself on spinal neuro-
pathic pain associated with compression myelopathy. In the
present study, all seven patients in the progressing mye-
lopathy-related pain group underwent surgery >2 weeks
after the initial G-CSF administration. At the time of sur-
gery, pain reduction had already been achieved in all the
patients receiving G-CSF. After surgery, further decreases
of pain were not obtained. These findings suggest the
possibility that surgery itself does not have pain-relieving
effects exceeding G-CSF. However, there are several lim-
itations to this hypothesis. In this study, surgeries were
performed a rather long time after myelopathy worsening.
In addition, the number of patients analyzed in the present
study was too small for definitive conclusions. Further
studies with a larger number of patients will be required.
We will determine the effect of much earlier times of
surgery on the reduction of neuropathic pain due to com-
pression myelopathy.

In the present study, we employed only one pain mea-
sure, VAS, to evaluate the severity of pain before and after
the G-CSF administration. A number of pain measures
have been reported for evaluating the intensity and quality
of pain in patients with spinal neuropathic pain [2, &, 14,
20]. Previous clinical trials analyzing the effect of ami-
triptyline [2, 14], gabapentin [§, 14], and pregabalin [20]
on neuropathic pain associated with SCI employed multi-
ple pain measures in addition to VAS, such as the McGill
Pain Questionnaire (MPQ) and the Center for Epidemiol-
ogic Studies Depression Scale (CESD). They combined
several pain measures based on the characteristics of each
tool, and adequately evaluated the efficacy of the drugs for
neuropathic pain. Since our present study was a phase I and
IIa clinical trial, we utilized only VAS. In the subsequent
phase ITb clinical trial of G-CSF neuroprotective therapy,
we are planning to employ multiple pain measures in
addition to VAS to evaluate the details of the effect of
G-CSF on spinal neuropathic pain.

In the 10 patients in the post-operative persistent pain
group, G-CSF administration did not have a pain-relieving
effect in 3 patients. Since no improvement of myelopathy

was observed in these 3 patients, we speculate that the
pain-relieving and neuroprotective effects with respect to
improvement of motor and sensory deficits of G-CSF are
correlated. However, a pain-relieving effect was observed
in the other 7 patients within 1 week after initial G-CSF
administration. The mean VAS score of all 10 patients in
the post-operative persistent pain group was 72.0/100 prior
to G-CSF administration, and it significantly decreased to
51.7/100 at 1 week after administration. This indicates that
the severity of pain decreased to 72 % of the pre-admin-
istration level. Based on this finding, we suggest that
G-CSF may have a certain pain-relieving effect in patients
who complain of post-operative persistent pain, although
this effect is not as pronounced as that for patients with
worsening symptoms of compression myelopathy.

Of the 17 patients analyzed in the present study, a pain-
relieving effect associated with G-CSF was detected in 14
patients. However, recurrence of pain occurred in 8 out of
these 14 patients during the follow-up period. Notably,
pain returned to pre-administration levels in 5 patients. The
recurrence of pain was detected at 3 months after G-CSF
administration in 7 patients and at 6 months after G-CSF
administration in 1 patient. This finding suggests that the
pain-relieving effect by G-CSF only lasts for at most
3—4 months. Therefore, when the clinical utility of G-CSF
for spinal neuropathic pain is evaluated in the future,
administration every 3—4 months should be considered.

Previous studies reported the presence of placebo effects
in patients suffering from neuropathic pain, although the
duration of the placebo effect was not fully established
[13]. In the present study, the pain-relieving effect of
G-CSF continued for 3-4 months. Because the study
design was open label, we cannot deny the contribution of
the placebo effect of injection for reducing the spinal
neuropathic pain. To verify the pharmaceutical pain-
relieving effect of G-CSF on spinal neuropathic pain, a
subsequent clinical trial with double-blind placebo-con-
trolled study design will be necessary.

To the best of our knowledge, no reports of experi-
mental studies of G-CSF administration in an animal model
of spinal neuropathic pain have been published. In our
studies using animal models of compression-induced and
contusive SCI, intravenously administered G-CSF resulted
in functional recovery by (1) promoting the migration of
bone marrow-derived cells into the damaged spinal cord,
(2) directly suppressing the neural apoptosis that occurs via
G-CSF receptors at the injured spinal cord, and (3)
decreasing the expression of inflammatory cytokines such
as IL-1B and TNF-a [4, 6, 12]. Ro et al. [15] administered
G-CSF to animal models of peripheral neuropathic pain,
and demonstrated that G-CSF increased the number of
opioid-contained polymorphonuclear cells and relieved
neuropathic pain. We suggest that such mechanisms may
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participate in the pain-relieving effect of G-CSF on spinal
neuropathic pain, although further studies are required to
fully clarify all of the underlying mechanisms.

To date, no effective therapies for spinal neuropathic
pain have been established. To the best of our knowledge,
this is the first report showing the possibility of a thera-
peutic effect of G-CSF on neuropathic pain associated with
compression myelopathy. The biggest limitation of the
present study was that this was an open-label study, so
no comparison with a control group was performed. We
cannot deny the possibility that a placebo effect of injec-
tion and surgical intervention contributed to pain relief.
Based on the experience of the present findings, however,
we intend to advance to a further clinical trial to verify the
feasibility of using G-CSF for relief of spinal neuropathic
pain. This will be a multi-center, double-blind, controlled
clinical trial; the control group will receive placebo injec-
tion. If the efficacy and safety of G-CSF treatment for
spinal neuropathic pain is confirmed and clinical use of
G-CSF therapy is approved, a novel and effective approach
for the treatment of this disorder will be available.

Acknowledgments This work was supported by a Health Labour
Science Research Grant of Japan.

Conflict of interest No funds were received in support of this study.

References

1. Baastrup C, Finnerup NB (2008) Pharmacological management
of neuropathic pain following spinal cord injury. CNS Drugs
22:455-475

2. Cardenas DD, Warms CA, Turner JA et al (2002) Efficacy of
amitriptyline for relief of pain in spinal cord injury: results of a
randomized controlled trial. Pain 96:365-373

3. Gibson CL, Jones NC, Prior MJ et al (2005) G-CSF suppresses
edema formation and reduces interleukin-1p expression after
cerebral ischemia in mice. J Cereb Blood Flow Metab 25:431~
439

4. Kawabe J, Koda M, Hashimoto M et al (2011) Granulocyte
colony-stimulating factor (G-CSF) exerts neuroprotective effects
via promoting angiogenesis after spinal cord injury in rats.
J Neurosurg Spine 15:414—421

5. Kawada H, Takizawa S, Takanashi T et al (2006) Administration
of hematopoietic cytokines in the subacute phase after cerebral
infarction is effective for functional recovery facilitating prolif-
eration of intrinsic neural stem/progenitor cells and transition of
bone marrow-derived neuronal cells. Circulation 113:701-710

6. Koda M, Nishio Y, Kamada T et al (2007) Granulocyte colony-
stimulating factor (G-CSF) mobilizes bone marrow-derived cells

@ Springer

—611—

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

into injured spinal cord and promotes functional recovery after
compression-induced spinal cord injury in mice. Brain Res
1149:223-231

. Komine-Kobayashi M, Zhang N et al (2006) Neuroprotective

effect of recombinant human granulocyte colony-stimulating
factor in transient focal ischemia of mice. J Cereb Blood Flow
Metab 26:402-413

. Levendoglu F, Ogiin CO, Ozerbil O et al (2004) Gabapentin is a

first line drug for the treatment of neuropathic pain in spinal cord
injury. Spine 29:743-751

. Masaki Y, Yamazaki M, Okawa A et al (2007) An analysis of

factors causing poor surgical outcome in patients with cervical
myelopathy due to ossification of the posterior longitudinal lig-
ament: anterior decompression with spinal fusion versus lamin-
oplasty. J Spinal Disord Tech 20:7-13

New PW, Lim TC, Hill ST et al (2007) A survey of pain during
rehabilitation after acute spinal cord injury. Spinal Cord 35:658—
663

Nicola NA, Metcalf D, Matsumoto M et al (1983) Purification of
a factor inducing differentiation in murine myelomonocytic leu-
kemia cells. Identification as granulocyte colony-stimulating
factor. J Biol Chem 258:9017-9023

Nishio Y, Koda M, Kamada T et al (2007) Granulocyte colony-
stimulating factor attenuates neuronal death and promotes func-
tional recovery after spinal cord injury in mice. J Neuropathol
Exp Neurol 66:724-731

Petersen GL, Finnerup NB, Ngrskov KN et al (2012) Placebo
manipulations reduce hyperalgesia in neuropathic pain. Pain
153:1292-1300

Rintala DH, Holmes SA, Courtade D et al (2007) Comparison of
the effectiveness of amitriptyline and gabapentin on chronic
neuropathic pain in persons with spinal cord injury. Arch Phys
Med Rehabil 88:1547-1560

Ro LS, Chen SR, Chao PX et al (2009) The potential application
of granulocyte colony stimulating factor therapy on neuropathic
pain. Chang Gung Med J 32:235-246

Roberts AW (2005) G-CSE: a key regulator of neutrophil pro-
duction, but that’s not all! Growth Factors 23:33—41

Sakuma T, Yamazaki M, Okawa A et al (2011) Neuroprotective
therapy using granulocyte-colony stimulating factor for patients
with worsening symptoms of compression myelopathy, part 1: a
phase I and Ila clinical trial. Eur Spine J 21:482-489

Schibitz WR, Kollmar R, Schwaninger M et al (2003) Neuro-
protective effect of granulocyte colony-stimulating factor after
focal cerebral ischemia. Stroke 34:745-751

Schneider A, Kuhn HG, Schibitz WR (2005) A role for G-CSF
(granulocyte-colony stimulating factor) in the central nervous
system. Cell Cycle 4:1753-1757

Siddall PJ, Cousins MJ, Otte A et al (2006) Pregabalin in central
neuropathic pain associated with spinal cord injury: a placebo-
controlled trial. Neurology 67:1792-1800

Stormer S, Gerner HJ, Griininger W et al (2007) Chronic pain/
dysaesthesiae in spinal cord injury patients: results of a multi-
centre study. Spinal Cord 35:446-455

Yamazaki M, Sakuma T, Kato K et al (2012) Granulocyte col-
ony-stimulating factor reduced neuropathic pain associated with
thoracic compression myelopathy: report of 2 cases. J Spinal
Cord Med (in press)



40

Case report

Granulocyte colony-stimulating factor reduced
neuropathic pain associated with thoracic
compression myelopathy: Report of two cases

Masashi Yamazaki, Tsuyoshi Sakuma, Kei Kato, Takeo Furuya, Masao Koda

Chiba University Graduate School of Medicine, Chiba, Japan

Context: A clinical trial was conducted to evaluate the safety and efficacy of neuroprotective therapy using
granulocyte colony-stimulating factor (G-CSF) for patients with worsening symptoms of compression
myelopathy. During this trial, we found that neuropathic pain associated with thoracic myelopathy was
dramatically reduced after G-CSF administration in two cases.

Findings: A 32-year-old man with compression of the spinal cord at levels T7-T10 complained of spastic gait
associated with spontaneous severe pain from his back to his chest. G-CSF 10 pg/kg/day was administered
for 5 consecutive days; his pain was reduced 1 day after the initial G-CSF administration. One month after
administration, he underwent spinal fusion surgery for decompression of the spinal cord. Six months after
G-CSF administration, he showed recovery from myelopathy and no recurrence of pain. A 68-year-old man
with spastic gait and bilateral thigh pain caused by ossified ligamentum flavum at T11-T12 was treated with
G-CSF 10 pg/kg/day for 5 days; his pain was reduced 1 day after initial administration. One month later, he
underwent a T10-T12 laminectomy. Three months after G-CSF administration, his thigh pain began to
attenuate. At 6 months after administration, he showed recovery from myelopathy, and his pain was still

improved compared with that before administration.

Conclusion: G-CSF may have a therapeutic effect on spinal neuropathic pain.

Keywords: Myelopathy, Spinal cord compression, Neuroprotective therapy, Granulocyte colony-stimulating factor, Thoracic myelopathy, Neuropathic pain,

Spasticity, Clinical trial

Introduction

Granulocyte colony-stimulating factor (G-CSF) is a
cytokine that promotes survival, proliferation, and
differentiation of cells in the neutrophil lineage.'
Recent studies have indicated that G-CSF also has
non-hematopoietic functions and can potentially be
used for the treatment of neuronal injury, including
stroke and neurodegenerative diseases.> We previously
demonstrated that G-CSF promoted the restoration of
damaged spinal cord tissue and the recovery of neural
function in experimental spinal cord injury (SCI) in
both mice and rats.>™ On the basis of these findings,
we initiated a clinical trial to evaluate the safety and effi-
cacy of neuroprotective therapy using G-CSF for
patients with worsening symptoms of compression mye-
lopat:hy.6 In phases I and Ila of the clinical trial, we
recruited patients 20-75 years of age, in whom
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Japanese Orthopaedic Association (JOA) score for cer-
vical and thoracic myelopathy decreased 2 points or
more during a recent 1-month period.® In the first step
of this trial, G-CSF 5 pg/kg/day was intravenously
administered for 5 consecutive days in five patients.
We then administered G-CSF 10 pg/kg/day for 5 con-
secutive days in 10 patients. No serious adverse events
occurred during or after treatment, and all patients
showed neurological improvement, although G-CSF
10 ug/kg/day resulted in better neurological recovery.
Thus, we suggested that intravenous administration of
G-CSF at a dosage of 10 ug/kg/day for 5 days is an
appropriate protocol for G-CSF neuroprotective
therapy.®

During this trial, we encountered an unexpected
finding — two patients in whom neuropathic pain associ-
ated with thoracic myelopathy was dramatically reduced
after G-CSF administration. Such a pain-relieving effect
of G-CSF had not been included as an endpoint in this
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trial. However, the effect is a significant feature with
implications for future clinical use of G-CSF for com-
pression myelopathy.

Case reports

Case 1

A 32-year-old man was admitted to our hospital com-
plaining of progressive motor weakness of his lower
extremities and gait disturbance. On admission, his
JOA score for thoracic myelopathy (motor function:
0-4 points, sensory function: 0-4 points, bladder func-
tion: 0~3 points, total possible score = 11 points)’ was
4 points. He also showed spontaneous severe pain devel-
oping from his back to his chest.

Four years prior to this admission, he suffered from
thoracic myelopathy because of postvertebral osseous
spurs that compressed his spinal cord anteriorly at
T7-T10 (Figs. 1A and B). He underwent surgical treat-
ment for T7-T10 anterior decompression with spinal
fusion. Before his first surgery, he had complained of
gait disturbance and spontaneous pain from his back
to his chest. After the surgery, his symptoms of myelo-
pathy and pain were relieved. Three years after the
surgery, however, his symptoms began to deteriorate.

Reconstruction images from a computed tomography
(CT) myelogram showed that the grafted bone at the
T7-T8, T8-T9, and T9-T10 intervertebral disc levels
was absorbed, and spine fusion was not obtained
(Fig. 1C). The CT images showed regrowth of osseous
spurs that compressed his spinal cord anteriorly at
T7-T8 and T9-T10 (Figs. 1C and D, arrows) and
newly developed ossified ligamentum flavum (OLF)

A
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that compressed his spinal cord posteriorly at T9-T10
(Figs. 1C and D, arrowheads).

From the day of admission, he underwent adminis-
tration of G-CSF (10 pg/kg/day) for 5 consecutive
days. One day after the initial G-CSF administration,
he felt relief of his back and chest pain. Visual analog
scale (VAS) score of his pain was 80 mm before
G-CSF administration, and it decreased to 50 mm 1
day after the initial G-CSF administration. At 1 week
after the initial administration, his VAS score became
0mm, and his pain was diminished. He also felt
improved muscle strength of his legs, and his JOA
score was increased to 6 points at 1 month after the
administration.

According to the protocol for G-CSF neuroprotective
therapy for worsening symptoms of compression myelo-
pathy, we followed the patients without surgical treat-
ment for 1 month after G-CSF administration.® At
1 month after the administration, he underwent
surgery for decompression of the spinal cord using a
posterior approach and T4-T12 posterior instrumented
fusion. At 6 months after the administration, his recov-
ery from myelopathy was maintained (JOA score = 6
points) with no recurrence of pain.

Case 2

A 68-year-old man was admitted to our hospital with a
complaint of motor weakness of his lower extremities
and gait disturbance. On admission, JOA score was 4
points. In addition to the symptoms of myelopathy, he
complained of spontaneous severe bilateral pain at the
level of his thigh.

C D

Figure 1 Case 1: T2-weighted midsagittal magnetic resonance image (A) and CT myelogram midsagittal reconstruction plane (B) 4

years prior to this admission showing anterior compression of the spinal cord by postvertebral osseous spurs at T7-T10. CT
myelogram midsagittal reconstruction plane (C) and axial planes at T7-T8 and T9-T10 (D) on admission showing re-growth of the
osseous spurs that compressed the spinal cord anteriorly at T7-T8 and T9-T10 (C, D, arrows) and a newly developed ossified
ligamentum flavum (OLF) that compressed the spinal cord posteriorly at T9-T10 (C, D, arrowheads).
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From 10 years earlier, his gait had become progress-
ively unstable. Beginning 2 months previously, his gait
disturbance progressed rapidly, and he could not walk
without canes on admission. He had also felt severe
bilateral thigh pain for the previous 2 months.

Sagittal magnetic resonance and reconstruction CT
images showed that his spinal cord was severely
compressed posteriorly by an OLF at TI10-T11
(Figs. 2A-C).

From the day of admission, he underwent adminis-
tration of G-CSF (10 ug/kg/day) for 5 consecutive
days. One day after the initial G-CSF administration,
he felt relief of his pain at his bilateral thigh. His VAS
score for pain was 90 mm before the G-CSF adminis-
tration, and it decreased to 40 mm 1 day after the
initial G-CSF administration. His myelopathy also
improved, and his JOA score became 6.5 points 1
month after G-CSF administration.

At 1 month after the administration, he underwent
surgery for T10-T12 laminectomy. At 3 months after
the administration, his pain recurred and the VAS
score increased to 60 mm. After that, however, further
aggravation of his pain did not occur, and the VAS
score was 60 mm 6 months after the administration.
The recovery from myelopathy was also maintained,
and the JOA score was 6.5 points 6 months after
G-CSF administration.

Discussion

Neuropathic pain has been defined as a type of pain
arising from the direct consequence of a lesion affecting
the somatosensory system such as in the brain, spinal
cord, or peripheral nerves.®* Among numerous diseases
of the spinal cord, neuropathic pain following SCI has

A B
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been studied most commonly. Previous studies have
classified neuropathic pain from spinal cord lesions
into two types: at-level pain and below-level pain.'
At-level pain is characterized as pain located within
two or three spinal segments below the neurological
level of the spinal cord lesion. In contrast, below-level
pain presents diffusely caudal to the level of the spinal
cord lesion.

In case 1, the patient complained of spontaneous
severe pain developing from his back to his chest. We
suggest that his pain is a typical at-level pain originating
from the spinal cord lesions at vertebral levels T7-T10.
In case 2, the patient complained of spontaneous severe
bilateral thigh pain corresponding to dermatome levels
L2-L3. In this patient, the spinal cord was compressed
by a T11-T12 OLF. Anatomically, the spinal cord
level compressed by a T11-T12 OLF is considered to
be the upper portion of the epiconus, where multiple
spinal cord segments (usually L2-L5) are densely
located.'® Thus, we suggest that the thigh pain of this
patient is also at-level pain. In the present two cases,
G-CSF administration resulted not only in recovery
from myelopathy, but also in reduction of neuropathic
pain. In case 1, the VAS score was 80 mm before
G-CSF administration, and it became 0 mm at 1 week
after administration. In case 2, the pre-administration
VAS score was 90 mm, and it decreased to 40 mm
1 day after G-CSF administration. In both cases,
decompression surgery was performed 1 month after
G-CSF administration. Thus, we suggest that the pain
reduction observed in the present two cases during the
1 month after G-CSF administration was caused by
the pharmacological effect of G-CSF and not by
surgery. After surgery, however, the VAS score of both

Figure 2 Case 2: T2-weighted midsagittal magnetic resonance image (A) and CT midsagittal reconstruction plane (B) and CT axial
plane at T11-T12 (C) showing posterior compression of the spinal cord by an OLF at T11-T12.
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cases did not necessarily reflect the neuroprotective
effect of G-CSF. Despite the confounding factor of
surgery, the present findings suggest that G-CSF may
have a therapeutic effect on neuropathic pain in patients
with thoracic compression myelopathy.

To the best of our knowledge, no reports of exper-
imental studies of G-CSF administration in an animal
model of spinal neuropathic pain have been published.
In our studies using animal models of compression-
induced and contusive SCI, intravenously administered
G-CSF resulted in functional recovery by (1) promoting
the migration of bone marrow-derived cells into the
damaged spinal cord, (2) directly suppressing the
neural apoptosis that occurs via G-CSF receptors at
the injured spinal cord, and (3) decreasing the
expression of inflammatory cytokines such as IL-1§
and TNF-a.>® Ro et al’ administered G-CSF to
animal models of peripheral neuropathic pain, and
demonstrated that G-CSF increased the number of
opioid-contained polymorphonuclear cells and relieved
neuropathic pain. We suggest that such mechanisms
may participate in the pain-relieving effect of G-CSF
on spinal neuropathic pain, although further studies
are required to fully clarify all of the underlying
mechanisms.

Among numerous diseases of the spinal cord, neuro-
pathic pain following SCI has been studied most exten-
sively.® Investigators have suggested that pregabalin,
gabapentin, and tricyclic antidepressants are optimal
first-line treatments for neuropathic pain associated
with SCI. Furthermore, serotonin-norepinephrine
reuptake inhibitors are considered to be second-line
choices, and tramadol, opioids, and lamotrigine are
used as third-line options. However, these researchers
concluded that such oral pharmacological intervention
is often inadequate, commonly resulting in a reduction
of only 20-30% in pain intensity.® To date, therefore,
no effective therapies for spinal neuropathic pain have
been established.

Conclusion
To the best of our knowledge, this is the first report
showing the therapeutic effect of G-CSF on neuropathic

G-CSF reduced neuropathic pain associated with thoracic compression myelopathy

pain associated with compression myelopathy. We
cannot deny the possibility that the placebo effect of
injection and the surgical intervention contributed to
the pain relief. On the basis of the experience of the
present cases, however, we intend to advance to a clini-
cal trial to verify the feasibility of using G-CSF for relief
of spinal neuropathic pain. If the efficacy and safety of
G-CSF treatment for spinal neuropathic pain is con-
firmed and clinical use of G-CSF therapy is approved,
a novel and effective approach for the treatment of
this disorder will be available.
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Abstract

Background Two-dimensional imaging is not adequate
for evaluating ossification of the posterior longitudinal
ligament (OPLL). This study was designed to evaluate the
accuracy of a novel computed tomography (CT)-based
three-dimensional (3D) analysis method that we had
devised to measure volume changes in OPLL.

Subjects and methods Twenty OPLL patients (12 male
and 8 female; mean age 63.6 years) who were being fol-
lowed conservatively were examined twice with an interval
of at least 1 year between the two scans. The mean interval
was 22 (range 12-45) months. A 3D model was created
with DICOM data from CT images, using the MIMICS®
software to calculate the volume. The mean ossification
volume was determined from two measurements. Since
ossification size varies widely, evaluation of change in
volume is generally affected by the original size. There-
fore, the change in ossification volume between the first
and second CT examinations was calculated as the annual
rate of progression.

Results The type of OPLL was classified as continuous in
3 patients, segmented in 3, and mixed in 14. The mean
ossification volume was 1,831.68 mm? at the first exami-
nation and 1,928.31 mm?> at the second, showing a
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significant mean increase in ossification volume. The mean
annual rate of lesion increase was 3.33 % (range
0.08-7.79 %).

Conclusion The 3D method used allowed detailed OPLL
classification and quantification of change in the ossified
volume. Thus, this method appears to be very useful for
quantitative evaluation of OPLL with only minimal mea-
surement error.

Keywords OPLL - 3D analysis - CT - Ossification

Introduction

Ossification of the posterior longitudinal ligament (OPLL)
of the cervical spine is one of the main causes of myelo-
radiculopathy in Asian populations, especially in Japan [1—
4]. Accurate determination of the size of OPLL and the
nature of its growth in terms of length and thickness is
important because these factors crucially relate to spinal
canal stenosis and can cause myelopathy [5]. Evaluating
the size and growth of OPLL is important to determine the
timing of the operation and the risk factors for rapid pro-
gression of OPLL. Previous attempts have already been
made to measure the size of OPLL [6-10]. However, these
methods involved two-dimensional imaging. Recent tech-
nical improvements in computed tomography (CT)-based
three-dimensional (3D) imaging analysis have made
accurate 3D measurement of OPLL possible [5, 11]. Pre-
vious studies on lung cancer growth found that evaluation
of the growth of lung cancer using a 3D measurement
method was more reliable than using a 2D method [12-15].
The present study was designed to evaluate the accuracy of
anovel CT-based method of 3D analysis we had previously
devised, to measure changes in the volume of OPLL.
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