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Abstract

Purpose To determine levels of biomarkers reflecting damage to axon, myelin, astrocytes, and neuron in cerebrospinal fluid
(CSF) of patients with cervical compression myelopathy.

Methods We collected 69 CSF samples from patients before spinal surgery for acutely worsening compression myelopathy
(AM, 20), chronic compression myelopathy (CM, 20), and lumbar canal stenosis (LCS 29; control). We measured levels
of phosphorylated neurofilament subunit H (pNF-H), tau (reflecting axonal damage), myelin basic protein (MBP) (reflect-
ing demyelination), S100b (reflecting astrocyte damage), and neuron-specific enolase (NSE) (reflecting neuronal damage).
Change of neurological function by surgery was determined using a Japanese Orthopaedic Association (JOA) score for
cervical myelopathy.

Results Significantly higher levels of pNF-H were detected in AM compared with those in either CM or LCS (P <0.01).
Significantly higher levels of tau were detected in AM compared with those in CM (P <0.05). Levels of MBP were unde-
tectable in almost all the patients. Levels of S100b were equivalent in the three groups. Levels of NSE in AM and CM were
significantly lower than those in LCS (P <0.01). The recovery rate of JOA score was significantly greater for patients with
AM than CM. We found a positive correlation between pNF-H and recovery of JOA score (r=0.381, P=0.018).
Conclusion The present results suggest that axonal damage is remarkable compared with demyelination, astrocytic, and
neuronal damage in AM. Better clinical outcome in AM with high CSF levels of pNF-H indicates that axonal compensatory
plasticity in spinal cord is preserved, and pNF-H can be predictive of good surgical outcome for AM.

Graphical abstract These slides can be retrieved under Electronic Supplementary Material.
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1. High levels of pNF-H and tau in the CSF of AM suggest that axonal
damage is remarkable in acute worsening symptoms of compression
myelopathy.

1. 69 cerebrospinal fluid (CSF) samples were collected from patients
before spinal surgery for acutely worsening compression myelopathy
(AM, 20), chronic compression myelopathy (CM, 20), and lumbar canal
stenosis (LCS 29; control) to determine levels of biomarkers reflecting 0 0
damage to axon, myelin, astrocytes, and neuron.
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2. A positive correlation between the pNF-H levels and neurological

Correlation of pNF-H level and recovery rate of JOA score outcome suggests that axonal compensatory plasticity is preserved in
acute worsening symptoms of compression myelopathy.
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3. pNF-H may act as a biomarker that predicts neurological recovery
after surgical treatment.
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Introduction

Chronic compression of the spinal cord by osteophytes,
degenerated discs, hypertrophy of the facet joint, thick-
ened ligamentum flavum, and ossification of the posterior
longitudinal ligament are causes of compression myelopa-
thy [3]. Usually, compression myelopathy shows a slow
and incremental decline in function. By contrast, acutely
worsening symptoms of motor and sensory function with
mild or no trauma are observed occasionally. Such acute
worsening symptoms of compression myelopathy result in
severe neurological deficits with poor functional recovery
[21]. To date, the only effective therapy for compression
myelopathy is the early surgical treatment, and relatively
good functional recovery of JOA score (about 50-70%)
is reported [27]. However, in some cases, no sufficient
improvement of neurological function is achieved [20]. To
date, it is supposed that the pathogenesis of compression
myelopathy is similar to secondary injury to the spinal
cord in acute spinal cord injury [19]. However, the detailed
pathogenesis of compression myelopathy remains unclear
and we cannot accurately predict the degree of neurologi-
cal recovery before surgery.

Phosphorylated neurofilament subunit H (pNF-H) is a
structural protein of axon fibers that is not detected in the
plasma or cerebrospinal fluid (CSF) of healthy people. The
level of pNF-H in plasma and CSF increases in accordance
with axonal breakdown [7, 22]. We previously reported that
the levels of pNF-H in CSF become elevated in patients
with acutely worsening compression myelopathy (AM)
[24]. However, to our knowledge, there is no report that ana-
lyzes other biomarkers of neuronal damage or the degree
of damage to another cells in the CNS such as astrocytes
or Schwann cells. Increases in the CSF levels of various
proteins occur in accordance with traumatic brain injury
or acute spinal cord injury, and reflect the breakdown of
various cells in the CNS. Tau is a component of axonal
microtubules. Therefore, similar to increases of pNF-H lev-
els, increases of tau levels in the plasma and CSF reflect
axonal breakdown [9, 27]. Similarly, increases in the levels
of myelin basic protein (MBP) reflect the breakdown of the
myelin [27] produced by oligodendrocytes, and increases
in S100b levels reflect astrocyte breakdown [8, 18]. Fur-
thermore, increases in neuron-specific enolase (NSE) levels
further reflect neuronal damage [11]. Therefore, we sought
to determine the CSF levels of proteins that reflect damage
to axons, myelin, astrocytes, and neurons in patients with
worsening symptoms of cervical compression myelopathy
to determine the relationship between the levels of these
proteins and clinical outcome.

Methods
Patients and sample selection

The present study was performed to extend our previous
study [24]. After approval by Toho University, human eth-
ics committee and informed consent were obtained from all
patients; we obtained CSF samples from patients at the time
of myelography just before spinal surgery in Toho University
Sakura Medical Center from January 2011 to March 2015.
All consenting patients who were diagnosed as having cervi-
cal compression myelopathy were recommended the surgical
treatment and included in this study. Cervical myelopathy
was diagnosed from neurological findings, X-ray, and MRI
imaging by two orthopaedic spine surgeons. We did not
exclude patients because of the severity of their myelopa-
thy. Exclusion criteria included: patients who did not wish
to have surgical treatment and chose conservative treat-
ment; patients who had an allergy to the iodinated contrast
medium or renal failure complications, because we could
not obtain the CSF samples or myelography before surgery;
patients who did not undergo myelography for other reasons;
patients who were diagnosed as having cervical spondylotic
radiculopathy or cervical spondylotic amyotrophy; patients
who were diagnosed with spinal cord tumor, infection, and
trauma; and patients with a double lesion [cervical com-
pression myelopathy and lumbar canal stenosis (LCS)]. We
included 58 patients with cervical myelopathy in the present
study and excluded 18 patients for the reasons mentioned
above. After informed consent, the CSF samples from the
first 37 consecutive patients who underwent surgery for
LCS were obtained at the time of myelography as a control
group consistent with our previous study [24]. We excluded
8 of the 37 samples, because the sample volume was insuf-
ficient for all of the assays. Ultimately, CSF samples from 69
patients were included in this study. The causes of disorder
were cervical compression myelopathy in 40 patients and
LCS, which was used as a control disorder, in 29 patients.
We divided samples from patients with compression mye-
lopathy into two groups: patients with acutely worsening
symptoms (AM; 20 patients) and chronic symptoms (CM;
20 patients). We defined AM as that in which the Japanese
Orthopaedic Association (JOA) score of patients with cer-
vical myelopathy decreased by two points or more during a
recent 1-month period [19]. All the patients were followed
up for at least until 1 year after surgery.
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Assay of proteins

The assays of pNF-H, Tau, MBP, and S100b were performed
using commercially available enzyme-linked immunosorb-
ent assay (ELISA) kits. Human phosphorylated neurofila-
ment H ELISA (BioVendor, Czech Republic) for the pNF-H
assay, h-Tau kit (NIPRO, Japan) for the tau assay, myelin
basic protein ELISA kit (Cosmic Corporation, Japan) for the
MBP assay, and human S100B ELISA (BioVendor, Czech
Republic) for the S100b assay were used. The NSE assay
was performed using an electro-chemiluminescent immu-
noassay (ECLIA) kit (Roche Diagnostics, Switzerland). All
assays were performed according to the protocols specified
by the manufacturers. All samples were tested in duplicate
and the average value for each sample was calculated.

Evaluation of the neurological improvement
in patients with compression myelopathy

In all patients with compression myelopathy (those in the
AM and CM groups), neurological evaluation using a JOA
score for cervical myelopathy (cervical myelopathy scores
range from 0 to 17) was determined by two orthopaedic
spine surgeons [12]. The scores were determined at the time
of myelography before surgery and 1 year after surgery. The
relationships between the recovery of JOA scores and levels
of each protein were evaluated.

Statistical analyses

Results are expressed as mean + standard deviation (SD).
A one factor ANOVA with a post hoc Tukey—Kramer test
was used to evaluate differences in the level of each protein
between patients with AM, CM, and LCS. A Mann—Whit-
ney U test and Spearman’s correlation coefficient by rank
test were used to evaluate the JOA score and recovery of
JOA score. P <0.05 was considered significant. All statisti-
cal analyses were performed using SPSS (ver. 21) Software
(IBM Corporation, Armonk, NY, USA).

Results
Patient characteristics

The characteristics of the three types of patients are shown in
Table 1. There was no significant difference in the age of the
patients between the three groups. There were significantly
more women in the LCS group (P <0.05). The JOA score
in the group of patients with AM was significantly worse
than that in the group of patients with CM (P <0.01). The
choice of surgical procedure, laminoplasty (LMP), poste-
rior decompression and fusion (PDF), and anterior decom-
pression and fusion (ADF) was not significantly different
between patients with AM and CM.

The levels of proteins

The levels of each protein in the CSF of patients with AM,
CM, and LCS are shown in Fig. 1. The levels of pNF-H
were 1907.8 +730.4 (pg/ml) in the group of patients with
AM, whereas the levels were 198.6 + 124.5 in the group
of patients with CM, and 462.9 +913.9 in the group of
patients with LCS. Significantly higher levels of pNF-H
were found in patients with AM than in patients with CM
and LCS (P <0.01). The levels of tau were 287.0+161.8
(pg/ml) in the AM group, whereas they were 193.5 +81.6
in the CM group and 270.6 + 105.7 in the LCS group.
Significantly higher levels of tau were found in patients
with AM than in patients with CM (P <0.05). Levels of
MBP were not significantly higher in patients with AM
than in those with CM or LCS, expect for slightly higher
levels found in CSF samples from two patients with AM
(43.5 and 145.0). The levels of S100b were 192.7 +104.8
(pg/ml) in the CSF of patients with AM, 144.2 +53.0
in the CSF of patients with CM, and 156.3 +35.5 in the
CSF of patients with LCS. The levels of S100b were not
significantly different between the three groups. By con-
trast, the levels of NSE were 2.02 +0.68 (ng/ml) in the

Table 1 Patient characteristics

Age (years) JOA score before surgery  Surgical procedure

LMP PDF ADF

. Number  Gender
in each group of cases  (male/
female)
AM 20 11/9
CM 20 15/5
LCS 29 11/18
P

65.4+13.0 (28-86) 8.4+2.9(0.5-14) 9 5 6
65.6+11.8(32-79) 11.2+2.3(7.5-15.5) 9 5 6
70.4+7.3 (56-86)

0.005

Data are presented as mean + standard deviation (range). JOA score before surgery is significantly lower in
patients with AM than in patients with CM

AM acutely worsening compression myelopathy, CM chronic compression myelopathy, LCS lumbar canal
stenosis, JOA Japanese Orthopaedic Association, LMP laminoplasty, PDF posterior decompression and
fusion, ADF anterior decompression and fusion
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Table2 Recovery of JOA score JOA score before surgery JOA score 1 year after surgery Recovery rate of JOA score
AM 8.4+2.9 (0.5-14) 14.0+2.4 (7-17) 68.3+16.9 (46.2-100)
CM 11.2+2.3 (7.5-15.5) 142+1.5 (11-16.5) 50.8+17.3 (30-66.7)
P value 0.005 0.848 0.003

Data are presented as mean + standard deviation (range)

AM acutely worsening compression myelopathy, CM chronic compression myelopathy, LCS lumbar canal
stenosis, JOA Japanese Orthopaedic Association

CSF of patients with AM and 2.04 +0.66 in patients with
CM, whereas they were 2.97 +0.81 in patients with LCS.
Levels of NSE in the CSF of patients with AM and CM
were significantly lower than those in patients with LCS
(P <0.05).

Neurological recovery and the levels of proteins

The changes of JOA scores and recovery after surgery are
shown in Table 2. The JOA scores before surgery were
significantly lower in patients with AM than they were
in patients with CM (P <0.01). Although sufficient neu-
rological improvement was obtained in both groups, the
recovery of JOA score (%) was significantly higher in
patients with AM than in patients with CM (P <0.01).
We found a positive correlation between pNF-H levels and
the recovery of JOA score after surgery (Fig. 2). There was
no significant correlation between other protein levels and
the recovery of JOA score after surgery.
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Fig.2 Correlation of pNF-H level and JOA recovery rate

Discussion

We previously showed that levels of pNF-H that reflect
axonal damage are elevated in the CSF of patients with
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AM [24]. To our knowledge, the present study is the first
to determine the levels of proteins that reflect damage to
various structures in the spinal cord including axons (pNF-
H, Tau), Schwann cells (MBP), astrocytes (S100b), and
neurons (NSE) in compression myelopathy. Nevertheless,
other studies have reported the levels of inflammatory
cytokines in the CSF, such as IL-6, IL-8, and TNF-a [14].
However, there are several reports about protein levels in
the CSF of patients with traumatic brain injury or acute
spinal cord injury. The levels of breakdown proteins from
axons, myelin, astrocytes, and neurons in patients with
traumatic brain injury [11, 18, 23] or acute spinal cord
injury [1, 4, 6, 17] were about the same. By contrast, we
found only increased levels of pNF-H and tau in the CSF
of patients with AM. The level of tau is increased in mus-
culoskeletal disorders, and the levels of tau were not as
different as levels of pNF-H in the disorders which we
examined. Our findings suggest that axonal damage is
remarkable in AM. Lower levels of NSE were found in
the CSF of patients with AM and CM than the levels found
in patients with LCS. By contrast, it is well known that the
level of NSE increases by neuronal damage [11]. Impor-
tantly, the NSE level was shown to increase significantly
in acute spinal cord injury, which reflects the severity of
damage to the neuronal cell body [27]. However, the level
of NSE in healthy subjects ranges widely from 2.2 to 16
(ng/ml) that indicates that the levels of NSE in the CSF of
patients with AM and CM were nearly the same as those in
healthy subjects [5, 15, 25]. In any case, the levels of NSE
did not increase in AM and CM compared with healthy
control different from acute spinal cord injury, which
indicates that the damage to the neuronal cell body was
not severe despite the remarkable axonal damage in AM.
The NSE decrease in cases of compression myelopathy
is difficult to explain; however, we hypothesize that the
mechanism involves a decrease in the numbers of func-
tional neuronal cell bodies because of chronic spinal cord
compression. Nevertheless, the present results suggest the
possibility that the pathogenesis of compression myelopa-
thy is distinct from the secondary injury to the spinal cord
found in acute spinal cord injury.

In our previous study of pNF-H levels in CSF, we found
no significant difference in the recovery rate of JOA score
between AM and CM and no significant correlation between
the protein level and JOA score recovery after surgery using
Spearman’s correlation coefficient by rank test because of
the small sample size resulting in insufficient power [24].
However, in the present study, the neurological improvement
in patients with AM in which the pNF-H value is signifi-
cantly higher is better than that in patients with CM; and we
found a positive correlation between pNF-H levels in the
CSF and the recovery of JOA score after surgery, because
the larger sample size used provided adequate power. In

@ Springer

acute traumatic injury or subarachnoid hemorrhage, higher
pNF-H levels reflect poorer functional recovery [2, 22].
However, for compression myelopathy, we found the oppo-
site. This paradoxical finding means that the pathogenesis
of compression myelopathy, in which there is chronic com-
pression to the spinal cord, is different to that of traumatic
brain injury or acute spinal cord injury, at least in part. The
recent report has indicated that delayed decompression
exacerbates ischemia—reperfusion injury that result in the
better neurological improvement in AM [26]. However, the
detail changes of axonal environment are unclear. In general,
a direct external force to the brain or spinal cord, as the
primary injury, may be reflected by an increase of pNF-H
levels and functional recovery in such cases of trauma. This
increase is confirmed by observations that peak pNF-H
levels found after the onset of traumatic brain injury are at
about 24-48 h and the level slowly decreases to baseline
over several days [2]. By contrast, in compression myelopa-
thy, there is chronic compression of the spinal cord. This
continuous compression probably accounts for the continu-
ous increase of pNF-H. Considering our findings, although
we did not follow the time course of pNF-H levels in com-
pression myelopathy, we speculate that the level of pNF-H
may increase in the acute phase (AM) and slowly decrease
with change to the chronic phase (CM) and that damage to
the spinal cord is cumulative. This may result in the good
neurological improvement early after surgical treatment in
AM when the pNF-H level is significantly high, indicating
that axonal compensatory plasticity is preserved in cases of
acutely worsening symptoms of compression myelopathy.
A clinical study indicated that neuroprotective treatment
was effective for acute worsening symptoms of compres-
sion myelopathy [19]. In the present study, the neurological
improvement in patients with AM was better than that in
patients with CM. Furthermore, we found that the higher
the level of pNF-H in the CSF, the better the neurological
improvement after surgery. The major pathogenesis of better
surgical outcome in AM is the ischemia—reperfusion phe-
nomenon [26]. In addition to this phenomenon, our results
suggest the possibility that compensatory plasticity is pre-
served in the axons of AM phase with a higher pNF-H level;
and pNF-H may act as a biomarker to predict the outcome
of surgical treatment for compression myelopathy. Further
investigation is needed to clarify the detailed pathogenesis
and mechanism of the pNF-H increase.

The present study has several limitations. First, there
are biases in the degree of severity and surgical procedure.
We found that, before surgery, the JOA scores in patients
with AM were significantly lower than those in patients
with CM. However, usually, the worse the neurological
symptom becomes, the lower the recovery of JOA score in
patients with compression myelopathy. Therefore, we con-
sider that our findings of neurological improvement do not
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produce a bias. Although the surgical procedures to treat
compression myelopathy are not standardized, LMP is not
recommended for K-line (-) cervical OPLL, and ADF or
PDF is recommended [10]. In our procedure, only ADF
or PDF was chosen for patients with K-line (=) OPLL and
adequate procedures were chosen for all patients. Second,
the definition of AM and CM is subjective, because the dis-
tinction is only due to the neurological finding. Especially,
CM includes both the sub-acute phase and real chronic
phase in this definition. That is the reason that we analyzed
pNF-H and recovery rate of JOA score in a total of myelopa-
thy patients (AM and CM). In all patients of AM, surgical
treatment was performed at the adequate timing. Thus, the
recovery rate of JOA score was sufficient in all cases, and
no significant correlation between the recovery rate of JOA
score and the pNF-H value was observed in the analysis
of AM patients. However, the present result of a positive
correlation between pNF-H and the recovery rate of JOA
score in a total of myelopathy patients (AM and CM that
include sub-acute phase) may suggest that the pNF-H level
can distinguish the acute and chronic phases, and an objec-
tive distinction of AM and CM may become possible. Third,
this study lacks assessments using MRI. Plain MRI was per-
formed in almost all cases. However, we found no differ-
ences between patients with AM or CM in high T2-signal
changes in compressed spinal cords. Diffusion basis spec-
trum imaging (DBSI), which quantifies axonal loss, shows a
strong correlation with neurological outcome [13]. Although
DBSI was not performed in the present study, our CSF find-
ings also showed remarkable axonal damage. Furthermore,
the high levels of pNF-H in the CSF found correlated with
neurological outcome in the present study support the pre-
vious imaging-associated outcomes. Fourth, we lack CSF
data from healthy controls because of ethical considerations.
Based on the previous study, we set the LCS group as the
control [24]. The CSF levels of pNF-H were high in patients
with LCS [16]. However, the levels of pNF-H in CSF from
patients with AM were significantly higher than those in
patients with CM or LCS. The levels of S100b and NSE
in the CSF of our patients were almost the same as those
found in healthy controls [5, 15, 25]. This similarity sug-
gests that the axonal damage is remarkable, and that damage
to astrocytes, oligodendrocytes, and neurons is not severe
in AM. However, the detailed pathogenesis of compression
myelopathy remains unclear. Further studies using rodent
models of disease and clinical investigations are required
to clarify the pathogenesis. Fifth, the sample size is small
and we lack data regarding the change in the CSF levels of
proteins over time. In addition, we lack data from patients
who chose conservative treatment. For ethical reasons, CSF
samples could only be obtained at just one time before mye-
lography in patients who chose the surgical treatment. In the
present study, the clinical outcome in conservative treatment

for compression myelopathy was excluded. Surgical treat-
ment is recommended to treat compression myelopathy [28].
Furthermore, although CSF usefully contains diagnostic bio-
markers, CSF is unsuited for evaluating changes over time
because of ethical limitations. Our findings indicate that CSF
levels of pNF-H are high in AM. Further investigation using
larger sample size would provide greater statistical power.
In addition, further investigation of levels in plasma may
be useful to evaluate cases of conservative treatment and
changes in the levels over time, because the sample can be
collected more easily than CSF.

In conclusion, high levels of pNF-H and tau in the CSF
suggest that axonal damage is remarkable in AM. The better
clinical outcome in AM and a positive correlation between
the pNF-H levels and neurological outcome suggest the pos-
sibility that axonal compensatory plasticity is preserved in
AM. Although pNF-H may act as a biomarker that predicts
neurological recovery after surgical treatment, further inves-
tigation will be needed to determine its utility.

Acknowledgements This study was supported in part by JSPS KAK-
ENHI Grant Number 25861346.

Compliance with ethical standards

Conflict of interest The authors declare that they have no competing
interests.

References

1. Ahadi R, Khodagholi F, Daneshi A et al (2015) Diagnostic value
of serum levels of GFAP, pNF-H, and NSE compared with clini-
cal findings in severity assessment of human traumatic spinal
cord injury. Spine (Phila Pa 1976) 40:E823-E830. https://doi.
org/10.1097/brs.0000000000000654

2. Anderson KJ, Scheff SW, Miller KM et al (2008) The phospho-
rylated axonal form of the neurofilament subunit NF-H (pNF-H)
as a blood biomarker of traumatic brain injury. J] Neurotrauma
25:1079-1085. https://doi.org/10.1089/neu.2007.0488

3. BabaH, Maezawa Y, Imura S et al (1996) Quantitative analysis of
the spinal cord motoneuron under chronic compression: an experi-
mental observation in the mouse. J Neurol 243:109-116

4. CaoF, Yang XF, Liu WG et al (2008) Elevation of neuron-specific
enolase and S-100beta protein level in experimental acute spinal
cord injury. J Clin Neurosci 15:541-544. https://doi.org/10.1016/].
jocn.2007.05.014

5. Casmiro M, Maitan S, De Pasquale F et al (2005) Cerebrospinal
fluid and serum neuron-specific enolase concentrations in a nor-
mal population. Eur J Neurol 12:369-374. https://doi.org/10.111
1/j.1468-1331.2004.01021.x

6. Haque A, Ray SK, Cox A et al (2016) Neuron specific enolase:
a promising therapeutic target in acute spinal cord injury. Metab
Brain Dis. https://doi.org/10.1007/s11011-016-9801-6

7. Hayakawa K, Okazaki R, Ishii K et al (2012) Phosphorylated
neurofilament subunit NF-H as a biomarker for evaluating the
severity of spinal cord injury patients, a pilot study. Spinal Cord
50:493-496. https://doi.org/10.1038/sc.2011.184

@ Springer


https://doi.org/10.1097/brs.0000000000000654
https://doi.org/10.1097/brs.0000000000000654
https://doi.org/10.1089/neu.2007.0488
https://doi.org/10.1016/j.jocn.2007.05.014
https://doi.org/10.1016/j.jocn.2007.05.014
https://doi.org/10.1111/j.1468-1331.2004.01021.x
https://doi.org/10.1111/j.1468-1331.2004.01021.x
https://doi.org/10.1007/s11011-016-9801-6
https://doi.org/10.1038/sc.2011.184

1830 European Spine Journal (2018) 27:1824-1830
8. Heizmann CW, Fritz G, Schafer BW (2002) S100 proteins: 18. Raabe A, Seifert V (2000) Protein S-100B as a serum marker of
structure, functions and pathology. Front Biosci J Virtual Libr brain damage in severe head injury: preliminary results. Neuro-
7:d1356-d1368 surg Rev 23:136-138
9. Jimenez-Jimenez FJ, Hernanz A, Medina-Acebron S et al (2005) 19. Sakuma T, Yamazaki M, Okawa A et al (2012) Neuroprotective
Tau protein concentrations in cerebrospinal fluid of patients with therapy using granulocyte colony-stimulating factor for patients
amyotrophic lateral sclerosis. Acta Neurol Scand 111:114-117. with worsening symptoms of compression myelopathy, part 1: a
https://doi.org/10.1111/j.1600-0404.2005.00370.x phase I and Ila clinical trial. Eur Spine J Off Publ Eur Spine Soc
10. Koda M, Mochizuki M, Konishi H et al (2016) Comparison of Eur Spinal Deform Soc Eur Sect Cerv Spine Res Soc 21:482—489.
clinical outcomes between laminoplasty, posterior decompres- https://doi.org/10.1007/s00586-011-2020-2
sion with instrumented fusion, and anterior decompression with 20. Sampath P, Bendebba M, Davis JD et al (2000) Outcome of patients
fusion for K-line (-) cervical ossification of the posterior longi- treated for cervical myelopathy. A prospective, multicenter study
tudinal ligament. Eur Spine J Off Publ Eur Spine Soc Eur Spinal with independent clinical review. Spine (Phila Pa 1976) 25:670-676
Deform Soc Eur Sect Cerv Spine Res Soc 25:2294-2301. https:// 21. Schmidt MH, Quinones-Hinojosa A, Rosenberg WS (2002) Cer-
doi.org/10.1007/s00586-016-4555-8 vical myelopathy associated with degenerative spine disease and
11. LimaJE, Takayanagui OM, Garcia LV et al (2004) Use of neuron- ossification of the posterior longitudinal ligament. Semin Neurol
specific enolase for assessing the severity and outcome in patients 22:143-148. https://doi.org/10.1055/5-2002-36537
with neurological disorders. Braz J] Med Biol Res 37:19-26 22. Shaw G, Yang C, Ellis R et al (2005) Hyperphosphorylated neu-
12. Masaki Y, Yamazaki M, Okawa A et al (2007) An analysis of rofilament NF-H is a serum biomarker of axonal injury. Biochem
factors causing poor surgical outcome in patients with cervical Biophys Res Commun 336:1268-1277. https://doi.org/10.1016/j.
myelopathy due to ossification of the posterior longitudinal liga- bbrc.2005.08.252
ment: anterior decompression with spinal fusion versus lamino- 23. Shibahashi K, Doi T, Tanaka S, Hoda H et al (2016) The
plasty. J Spinal Disord Tech 20:7-13. https://doi.org/10.1097/01. serum phosphorylated neurofilament heavy subunit as a predic-
bsd.0000211260.28497.35 tive marker for outcome in adult patients after traumatic brain
13. Murphy RK, Sun P, Xu J et al (2016) Magnetic resonance imag- injury. J Neurotrauma 33:1826-1833. https://doi.org/10.1089/
ing biomarker of axon loss reflects cervical spondylotic mye- neu.2015.4237
lopathy severity. Spine (Phila Pa 1976) 41:751-756. https://doi. 24. Takahashi H, Aoki Y, Nakajima A et al (2014) Phosphorylated
org/10.1097/brs.0000000000001337 neurofilament subunit NF-H becomes elevated in the cerebrospi-
14. Nagashima H, Morio Y, Yamane K et al (2009) Tumor necro- nal fluid of patients with acutely worsening symptoms of com-
sis factor-alpha, interleukin-1beta, and interleukin-6 in the cer- pression myelopathy. J Clin Neurosci 21:2175-2178. https://doi.
ebrospinal fluid of patients with cervical myelopathy and lumbar org/10.1016/j.jocn.2014.04.021
radiculopathy. Eur Spine J Off Publ Eur Spine Soc Eur Spinal 25. Van Engelen BG, Lamers KJ, Gabreels FJ et al (1992) Age-related
Deform Soc Eur Sect Cerv Spine Res Soc 18:1946-1950. https:// changes of neuron-specific enolase, S-100 protein, and myelin basic
doi.org/10.1007/s00586-009-1069-7 protein concentrations in cerebrospinal fluid. Clin Chem 38:813-816
15. Nygaard O, Langbakk B, Romner B (1998) Neuron-specific eno- 26. Vidal PM, Karadimas SK, Ulndreaj A et al (2017) Delayed
lase concentrations in serum and cerebrospinal fluid in patients decompression exacerbates ischemia-reperfusion injury in cervi-
with no previous history of neurological disorder. Scand J Clin cal compressive myelopathy. JCI Insight. https://doi.org/10.1172/
Lab Investig 58:183—-186 jei.insight. 92512
16. OhyaJ, Chikuda H, Kato S et al (2015) Elevated levels of phos- 27. Yokobori S, Zhang Z, Moghieb A et al (2015) Acute diagnostic
phorylated neurofilament heavy subunit in the cerebrospinal biomarkers for spinal cord injury: review of the literature and
fluid of patients with lumbar spinal stenosis: preliminary find- preliminary research report. World Neurosurg 83:867-878. https
ings. Spine J Off ] N Am Spine Soc 15:1587-1592. https://doi. ://doi.org/10.1016/j.wneu.2013.03.012
org/10.1016/j.spinee.2015.03.013 28. Zhu B, Xu Y, Liu X et al (2013) Anterior approach versus poste-
17. Pouw MH, Kwon BK, Verbeek MM et al (2014) Structural bio- rior approach for the treatment of multilevel cervical spondylotic
markers in the cerebrospinal fluid within 24 h after a traumatic myelopathy: a systemic review and meta-analysis. Eur Spine J Off
spinal cord injury: a descriptive analysis of 16 subjects. Spinal Publ Eur Spine Soc Eur Spinal Deform Soc Eur Sect Cerv Spine
Cord 52:428-433. https://doi.org/10.1038/sc.2014.26 Res Soc 22:1583-1593. https://doi.org/10.1007/s00586-013-2817-2
Affiliations

Hiroshi Takahashi' - Yasuchika Aoki? - Arata Nakajima' - Masato Sonobe’ - Fumiaki Terajima' - Masahiko Saito' -
Takuya Miyamoto' - Keita Koyama' - Keiichiro Yamamoto' - Takeo Furuya® - Masao Koda® - Seiji Ohtori? -
Masashi Yamazaki* - Koichi Nakagawa'

<

Hiroshi Takahashi
hirochann @syd.odn.ne.jp

Department of Orthopaedic Surgery, Toho University
Sakura Medical Center, 564-1, Shimoshizu, Sakura,
Chiba 285-8741, Japan

Department of Orthopaedic Surgery, Chiba Eastern Medical
Center, Togane, Japan

@ Springer

Department of Orthopaedic Surgery, Chiba University
Graduate School of Medicine, Chiba, Japan

Department of Orthopaedic Surgery, University of Tsukuba,
Tsukuba, Japan


https://doi.org/10.1111/j.1600-0404.2005.00370.x
https://doi.org/10.1007/s00586-016-4555-8
https://doi.org/10.1007/s00586-016-4555-8
https://doi.org/10.1097/01.bsd.0000211260.28497.35
https://doi.org/10.1097/01.bsd.0000211260.28497.35
https://doi.org/10.1097/brs.0000000000001337
https://doi.org/10.1097/brs.0000000000001337
https://doi.org/10.1007/s00586-009-1069-7
https://doi.org/10.1007/s00586-009-1069-7
https://doi.org/10.1016/j.spinee.2015.03.013
https://doi.org/10.1016/j.spinee.2015.03.013
https://doi.org/10.1038/sc.2014.26
https://doi.org/10.1007/s00586-011-2020-2
https://doi.org/10.1055/s-2002-36537
https://doi.org/10.1016/j.bbrc.2005.08.252
https://doi.org/10.1016/j.bbrc.2005.08.252
https://doi.org/10.1089/neu.2015.4237
https://doi.org/10.1089/neu.2015.4237
https://doi.org/10.1016/j.jocn.2014.04.021
https://doi.org/10.1016/j.jocn.2014.04.021
https://doi.org/10.1172/jci.insight.92512
https://doi.org/10.1172/jci.insight.92512
https://doi.org/10.1016/j.wneu.2013.03.012
https://doi.org/10.1016/j.wneu.2013.03.012
https://doi.org/10.1007/s00586-013-2817-2

	Axonal damage is remarkable in patients with acutely worsening symptoms of compression myelopathy: biomarkers in cerebrospinal fluid samples
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 
	Graphical abstract 

	Introduction
	Methods
	Patients and sample selection
	Assay of proteins
	Evaluation of the neurological improvement in patients with compression myelopathy
	Statistical analyses

	Results
	Patient characteristics
	The levels of proteins
	Neurological recovery and the levels of proteins

	Discussion
	Acknowledgements 
	References




