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Abstract

Background : Cervical spondylotic radiculopathy (CSR) is a relatively common neurological dis-
ease caused by the mechanical compression of nerve roots. Limaprost, a prostaglandin E; deriva-
tive, functions as a vasodilator and has been used in the treatment of lumbar spinal stenosis in Japan.
However, the effects of limaprost in cervical radiculopathy remain unclear. Our aim was to compare
the efficacy of limaprost with that of pregabalin, which is widely used for the treatment of neuropath-
ic pain.

Methods : In this randomized trial, patients with CSR received either limaprost or pregabalin orally
for 8 weeks, along with nonsteroidal anti-inflammatory drugs. The primary outcomes were as-
sessed using a numerical rating scale of pain and numbness, both at rest and during movement.
Secondary outcomes were assessed using Short Form-36, provocation tests, painDETECT ques-
tionnaire, and subjective global assessment. The obtained data were evaluated according to the
per-protocol analysis principle.

Results : A total of 46 patients were enrolled in this study, and 35 were available for analysis. A
greater reduction in pain score was observed in neck pain during movement, and scapular and arm
In the li-

maprost-treated group, numbness of the arm during movement showed a marked alleviation com-

pain both at rest and during movement in the pregabalin-treated group up to 4 weeks.
pared to the pregabalin-treated group at 8 weeks. There were no apparent differences between the
two groups in terms of the secondary outcomes.

Conclusions : Although pregabalin provided an earlier pain relief than limaprost, limaprost was su-

perior to pregabalin in treating arm numbness.

options for CSR in primary care settings.

Limaprost might be one of the effective therapeutic

Key words : cervical radiculopathy, limaprost, prostaglandin E; and pregabalin

Introduction

Cervical spondylotic radiculopathy (CSR) is a
widespread disease caused by nerve root compres-
sion due to foraminal space narrowing secondary to
spondylarthrosis and degenerative disc disease.
The general clinical characteristics include neck and
scapular pain irradiating to the arm and fingers cor-
responding to the affected nerve root, although ah-
sence of radiating arm pain does not preclude nerve
root impairment. Evaluation of patients’ history,

physical examination, and imaging modalities, in-
cluding plain radiographs, magnetic resonance imag-
ing (MRI), and/or computed tomography (CT), are
necessary to assist this diagnosis ; however, no uni-
versally accepted criteria are currently available'™.
Cervical radiculopathy is typically self-limited and
its prognosis is favorable. Approximately 70-90%
of patients reported symptomatic alleviation with
conservative therapies*®. In practice, analgesics
are the standard primary care in CRS, unless some
signs of myelopathy or significant motor weakness
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are detected.

Nerve root compression underlying cervical ra-
diculopathy is supposed to result in both nociceptive
and neuropathic pain components®”. Nonsteroidal
anti-inflammatory drugs (NSAIDs) could alleviate
nociceptive pain as first-line agents in acute set-
tings. Some patients may benefit from opioids,
such as tramadol, or oral steroids*®. For the man-
agement of neuropathic pain, pregabalin, a calcium
channel alpha2-delta ligand, is well-accepted for
most neuropathic pain conditions and its efficacy in
painful cervical radiculopathy was reported as
well’*?.  Considering the pathogenesis underlying
neuropathic pain, nerve tissue ischemia seems to
play a crucial role in the development of neuropathic
pain™ . Prostaglandin E, (PGE,) derivative, a va-
sodilator and an inhibitor of platelet aggregation, im-
proves neuropathic pain and neural dysfunction by
acting on the impaired nerve blood flow as shown in
animal studies using neuropathic pain models'®'®.
Clinical studies reported that oral administration of
PGE,, limaprost, improved neurological symptoms,
walking ability, and quality of life (QOL) in patients
with lumbar spinal stenosis (LSS)*?. In addition,
a recent randomized controlled trial showed that li-
maprost was not inferior to pregabalin in LSS,
These findings lead us to propose a therapeutic po-
tential of limaprost for CSR, taking into account the
similar neural pathogenesis caused by nerve root
compression. However, to our knowledge, the ef-
fects of limaprost in the treatment of CSR-related
symptoms have not been previously investigated,
indicating a lack of evidence regarding PGE, effects
in cervical radiculopathy. Therefore, we aimed to
assess how limaprost affects CSR-related symptoms
compared to pregabalin that is generally used against
neuropathic pain state.

Methods

Study designs and participants

Study participants were prospectively recruited
from patients diagnosed with CSR at our hospital
between January 2014 and March 2016. Patients
should have symptoms of radiating arm pain or
numbness in the distribution of an ipsilateral specific
nerve root. Plain radiographs and MRI were used
to assist in CSR diagnosis and rule out other diseas-
es, such as disc herniation, infection, and tumor.
Exclusion criteria included a history of treatments
within the past year, previous cervical spine surgery,
surgery needed due to progressive and severe neu-

rological deficits, antiplatelet or anticoagulant agents
use, severe cardiovascular, hepatic, or renal disor-
ders, pregnancy, cerebral infarction, history of gas-
tric ulcers or intestinal bleeding, and psychogenic
disorders. Informed consent which included that
limaprost was currently an unapproved agent for
cervical radiculopathy in Japan was obtained from all
eligible participants of this study. Ethical approval
was obtained from the institutional review board of
our hospital (ID : 25092701).

Interventions

The participants were randomly assigned to li-
maprost plus NSAIDs (L + N) and pregabalin plus
NSAIDs (P + N) treatments groups to compare the
efficacy and tolerability of treatments for CSR-in-
duced radicular pain and associated symptoms.
Block randomization was performed by an indepen-
dent member of our institution, using random num-
ber charts and the results were presented to each
subject by sealed envelopes. The treatment alloca-
tion was concealed until the patient was entered into
the trial where, after allocation, the patient or physi-
cian was not blinded to the medication administered.
The L + N group received 5 pg limaprost three
times daily and a physician-determined NSAID with
the recommended standard dose. The P + N group
received 25 mg pregabalin during the first week and
then 75 mg from second dose twice daily as well as
the aforementioned NSAID. Each subject also re-
ceived a concomitant 100 mg rebamipide with
NSAID for gastric mucosal protection. Each treat-
ment lasted 8 weeks. Additional therapies, includ-
ing physical therapy, immobilization by cervical col-
lar, and any type of injections for pain relief were
prohibited throughout the study period.

Clinical outcome assessments

For the primary outcomes, numerical rating
scale (NRS) in pain and numbness were assessed to
compare the therapeutic effectiveness after treat-
ments between the two groups. The secondary
outcomes were health-related QOL, pain provoca-
tion tests, presence of a neuropathic pain compo-
nent, and subjective satisfaction. All clinical out-
comes were conducted by a self-reported ques-
tionnaire forms that were distributed and collected
by the nurse at outpatient clinic.

NRS :

All items of NRS in pain (neck, scapula, arm) or
numbness intensity were required for scores in
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worst during a few days and valued on an 11-point
intensity, where 0 = no symptom and 10 worst pos-
sible symptoms, periodically in 2, 4, and 8 weeks af-
ter treatments. These CSR-associated symptoms
were assessed both at rest and during movement.

SF-36 :

The health-related QOL were assessed using
the Short Form-36 (SF-36), Japanese version. This
questionnaire was administered at the first and at
the final visit to assess physical, social, and mental
well-being. Scores were transformed to a scale of
0 to 100, with a higher score indicating better QOL.

Provocation tests :

Spurling and Jackson tests to detect nerve root
involvement were performed by a physician in
charge. A positive test determined radiating pain
in the affected arm. The tests were performed at 2,
4, and 8 weeks after treatments.

PainDETECT :

A score < 12 indicated that pain was unlikely to
have a neuropathic component (negative), while a
score = 19 suggested that pain was likely to have a
neuropathic component (positive). A score be-
tween these values indicated an uncertain result
(unclear)?®. The scores after treatments were
compared between two groups at 2, 4, and 8 weeks
after treatments.

Subjective satisfaction :

The overall subjective global satisfaction with
treatment was determined and compared between
treated groups. The subjective satisfaction was
measured on NRS (0-10 points) as well ; a higher
score meant higher satisfaction.

Statistical Analysis

The overall differences between different treat-
ments in NRS scores (mean =+ standard deviation),
PainDETECT (mean =+ standard deviation), and sub-
jective satisfaction (mean + standard deviation)
were assessed using analysis of variance for repeat-
ed measures and then the Mann-Whitney test was
used for comparisons between two groups at each
time point. Statistical differences in provocation
tests and SF-36 subscales (mean *+ standard devia-
tion) between different treatments at specific time
points were assessed using the y? test and un-paired
t-test, respectively. Demographic data of the eval-
uated subjects were also assessed using the ¥* test
and un-paired t-test. Data were analyzed with

JMP® software (SAS Institute Inc., Cary, NC, USA).
It was calculated that a sample size in each group
would have 80% power to detect a mean difference
of two points on the NRS, assuming a common stan-
dard deviation of 2.0. As the result of calculation, a
number of subjects above 17 in each group was war-
ranted in the current study. The per-protocol anal-
ysis population included all subjects who fulfilled the
study protocol. P values < 0.05 were considered
statistically significant.

Results

A total of 35 patients of 46 enrolled participants
were ultimately available for the protocol analysis
(Fig. 1). Involved nerve roots were C6 (n = 17),
C7(n =14),C5 (n = 3), and C8 (n = 1), respective-
ly.

No significant differences were found between
the two groups in demographic characteristics (Table
1). Inthe P + N group, 2 patients were withdrawn
from this study protocol because of dizziness and
somnolence. No serious adverse events occurred
in either treatment group. NSAID use in this study
was follows : 60 mg loxoprofen 3 times daily (n =
18), 100 mg celecoxib 2 times daily (# = 15), and 4
mg lornoxicam 3 times daily (n = 2).

Changes in NRS

Neck, scapulay, and arm pain

At rest, NRS of the scapular pain showed a
significant reduction in the P + N group at 2 and 4
weeks after treatment compared to the L + N
group. During movement, the pronounced reduc-
tions in score were also detected in the P + N group
at 2 weeks in the neck, and at 2 and 4 weeks in the
scapula and in the arm, respectively. An insignifi-
cant difference was confirmed between the two
treatment groups at week 8. Changes in score
from baseline values showed the marked reductions
at 2 weeks in the arm pain at rest in the P + N
group (Table 2).

Arm numbness

No significant differences in numbness at rest
were detected between the two groups throughout
the observation period. A remarkable alleviation
from pre-treatment value in numbness during move-
ment was detected at 8 weeks in the L + N group
compared to the P + N group. The differences in
score from baseline at 8 weeks were —5.2 + 2.6 in
the L + N group and —2.9 = 2.5 inthe P + N
group, respectively (P < 0.05) (Table 2).
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Eligibility (n = 46)

L+N

<:I Randomization

group

Limaprost +
NSAIDs (n =23)

Discontinued (n = 5)
* Lost to follow-up (n = 3)
+ Use of additional analgesia (n = 2)

18 evaluated

Fig. 1. Study flow diagram

P+N
group

Pregabalin +
NSAIDs (n=23)
|

Discontinued (n = 6)
* Lost to follow-up (n = 3)
+ Use of additional analgesia (n = 1)
* Adverse effects (n = 2)
_[ dizziness (n=1)
somnolence (n = 1)

|

17 evaluated

Of 46 eligible participants, six were lost to follow-up, three needed additional analgesia, and two discontinued be-
cause of adverse effects. The remaining 35 participants completed this study.
NSAIDs, nonsteroidal anti-inflammatory drugs ; L + N, limaprost plus NSAIDs ; P + N, pregabalin plus NSAIDs

Table 1. Demographic characteristics of the included patients

L+N P+N P
Age (years) 57.8 = 12.0 61.0 = 7.1 0.34
Gender (M/F) 12/6 12/5 0.80
BMI (kg/m?) 239 +28 23.7+4.0 0.85
Duration of symptoms, 6.1 = 6.2 6.2 =53 0.96
weeks (range) (0.5-24) (1-24)

Variable data : mean (SD) ; categorical data : number of cases

BMI, body mass index

P values showing comparison between the groups

SF-36

An extent of increment in score was noticeable
in body pain as a physical component summary over
time. Conversely, the vitality, social function, and
mental health did not show a trend toward ameliora-
tion. Comparisons of any subscales between two
groups failed to reach statistical significance (Table
3).

Provocation tests

The initial positive provocation tests were con-
firmed at the rate of 29% (10/35 patients) for the
Jackson test and 69% (24/35 patients) for the Spurl-
ing test, respectively. At final follow-up, the rates
decreased to 11% (4/35 patients) for both tests. No
apparent differences in the positive rate were de-
tected over time course between the two groups

(Table 4).

PainDETECT

The average painDETECT score was 12.5 =
4.6 at the first visit. The number of positive, un-
clear, and negative scores were 4 (11.4%), 13
(37.1%), and 18 (51.4%), respectively. No signifi-
cant differences were seen between two groups at
every time points (Table 5).

Subjective satisfaction

The scores of satisfaction gradually increased in
both groups with time course. At final follow-up,
the scores were 7.5 = 2.6 in the L + N group and
6.4 = 2.4 in the P + N group, respectively, suggest-
ing a modest trend favoring the limaprost-treated
group (P = 0.06) (Table 6).
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Table 2. NRS at rest and during movement

L+N P+ N
Symptoms L+N P+ N P P
Difference from baseline
Neck pain
At rest
ow 21+21 24 +22 0.77
2w 21+23 1.6 + 1.8 0.49 0.0*24 -0.8 22 0.19
4w 23+22 1.2+ 1.3 0.12 02 =*15 -11=x21 0.03
8w 1.2 +1.7 0911 0.96 -09=+24 -15+23 0.40
During movement
ow 52 +35 3.8+29 0.18
2w 51=*2.7 1.8+18 <0.01* -01=+=15 -21+19 <001
4w 3.7+28 1.9+ 1.7 0.06 -16=*+23 -18+23 0.70
8w 1.1+0.9 14 +15 0.96 -4.1=+33 -24+3.0 0.09
Scapular pain
At rest
0w 34+25 3.0 3.0 0.53
2w 3421 1.6 + 1.8 0.01* 0.0 = 2.0 -14 =27 0.11
4w 2.7+19 1314 0.02* -0.7+238 -1.6 2.7 0.47
8w 1.9+ 2.0 0.8 0.9 0.15 -16+23 -22+29 0.69
During movement
0w 59+ 29 44 + 34 0.31
2w 5.6 * 2.0 1.8+18 <0.01* -03=+37 -26=*25 0.06
4w 44 2.1 1.8+19 <0.01* -14+34 —-25+26 0.60
8w 2.0=1.7 1.7+ 1.7 0.56 -39=27 —2.6 4.2 0.48
Arm pain
At rest
0w 2.7+24 3427 0.41
2w 29+ 2.6 1.6 +1.9 0.11 03 +1.8 -1.7+22 0.01*
4w 2.1x20 14 +17 0.27 -0.6 +2.8 -19+19 0.10
8w 1314 0.9 = 1.0 0.38 -13+3.0 -25+2.0 0.12
During movement
ow 53 *2.9 45+29 0.31
2w 51=* 1.6 22=+18 <0.01* -02=*18 -23+20 <0.01
4w 35=1.9 21+18 <0.01* -18=+1.6 -24=+19 0.48
8w 13+11 1.9+19 0.62 -4.0=+238 -26+3.1 0.16
Arm numbness
At rest
0w 4.0 = 3.6 3.1=x24 0.50
2w 3.1=x25 3.8+26 0.47 -09=+2.0 0.8 =28 0.18
4w 19+16 22*20 0.72 -21+37 -0.8=1.0 0.74
8w 1.1+14 1.0+1.1 0.96 -29+35 -21%138 0.85
During movement
ow 6.4 = 3.0 5.4+ 2.2 0.18
2w 4.6 =29 43 2.0 0.67 -19=2.0 -11=+14 0.30
4w 3.1=x21 3.1+22 0.99 -33=3.0 -22=*15 0.13
8w 1.2+11 25+18 0.04 -52+2.6 -29=25 0.02*

Values are presented as mean *+ SD
P values showing comparison between the groups
*P <0.05, significant difference between the groups followed by a repeated measures ANOVA
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Table 3. SF-36 subscale scores

L+N P+N
Category L+N P+N P P
Difference from baseline
Physical function
0w 82.2 + 14.0 88.8 £ 9.3 0.11
8w 83.3 +16.5 91.0 = 9.4 0.10 1.1+123 22+ 58 073
Physical role
ow 70.8 = 28.9 82.8 = 15.9 0.14
8w 77.1 = 31.4 84.6 = 19.6 0.40 6.3 = 26.3 1.8 +20.5 0.58
Body pain
0ow 41.3 = 15.9 474 = 8.5 0.16
8w 49.6 = 19.6 55.9 = 10.1 0.23 8.2 +19.3 85+10.5 0.95
General health
0w 56.6 = 14.2 60.9 = 11.2 0.32
8w 57.1 = 16.8 63.2 = 16.3 0.28 0.6 = 10.7 23+133 0.67
Vitality
ow 63.2 = 24.9 66.2 = 22.2 0.71
8w 60.7 = 25.0 64.4 = 19.5 0.64 -25+258 —-19+136 093
Social function
0w 84.7 = 13.2 88.2 =129 0.43
8w 80.5 = 25.8 83.8 = 17.5 0.66 —-42=+265 —4.4+202 098
Emotion role
0w 82.4 +21.9 86.6 = 16.3 0.53
8w 84.3 = 20.8 87.1 £13.7 0.64 1.8 + 26.8 0.5+16.9 0.86
Mental health
ow 68.3 = 19.4 76.2 = 11.1 0.15
8w 66.7 = 15.0 74.7 £ 19.7 0.19 -17+121 -15+13.0 0.96
Values are presented as mean + SD
P values showing comparison between the groups
Table 4. Provocation tests Table 5. Scores of painDETECT
Tests L+N P+N P L+N P+N P
Jackson test (positive) Ow 13.2 +4.2(11.2-15.3) 11.6 +5.1(9.0-14.3) 0.18
0w 6/18 4/17 0.52 2w 6.2 £3.0(4.7-7.6) 6.0 = 3.5(4.2-7.8)  0.99
2w 4/18 417 0.93 4w 6.3 +3.0(4.8-7.8) 6.8 =2.3(5.6-8.00 0.89
4w 1/18 4/17 0.12 8w 7.3 £25(6.1-8.6) 6.9 +2.6(5.6-83) 0.29
8w /18 317 0.26 Values are presented as mean *= SD (95% confidence
Spurling test (positive) interval) . .
P values showing comparison between the groups at
0ow 14/18 10/17 0.23 each time point
2w 8/18 6/17 0.58
4w 4/18 6/17 0.39
8w 2/18 2/17 0.95 Discussion

Values are presented as the number of positive results

in each group

P values showing comparison between the groups at

each time point

The outcome of NRS in the present trial
showed an earlier reduction in neck pain during
movement, and scapular and arm pain both at rest
and during movement at 2 weeks in the pregabalin-
treated group compared to the limaprost-treated
group. However, the beneficial effect did not out-
last over 4 weeks. With regards to arm numbness,
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Table 6. Scores of subjective satisfaction

L+N P+N P

2w 5.6 +2.6(4.3-6.9)
4w 59 +23(4.7-7.0)
8w 7.5+ 2.6(6.2-8.8)

56 + 2.8 (4.1-7.0)  0.63
6.3 +2.0(5.3-7.3) 0.80
6.4 +2.4(5.2-76) 0.06

Values are presented as mean + SD (95% confidence in-
terval)

P values showing comparison between the groups at
each time point

a greater improvement was confirmed in the li-
maprost-treated group at 8 weeks. Provocation
test, painDETECT, SF-36, and subjective satisfac-
tion did not reach significant changes between the
two treatment groups.

CSR is a disorder involving compressed cervi-
cal nerve roots ischemia that is generally treated by
conservative therapies, in which pharmacotherapy,
as a part of a multimodal approach, is the initial step
for therapeutic strategies. Limaprost, an oral PGE,
analog, improves cauda equina and sciatic nerve
blood flow in chronic LSS animal models®**® and
thereby has been used for the treatment of leg pain,
leg numbness, and intermittent claudication in pa-
tients with LSS in Japan'*?". The difference in the
response to PGE,; treatment might exist between
cervical and lumbar nerve roots because of morpho-
logical and physiological features, however the
nerve roots compression due to degenerative spon-
dylotic changes is thought to be a common scenario
in cervical and lumbar radiculopathy. In our trial
settings, limaprost administration to CSR was com-
pared to pregabalin, a worldwide recognized agent
for neuropathic pain. Pregabalin was started at a
low dose of 50 mg/day to reduce the withdrawal due
to adverse events and increased to 150 mg/day after
1 week. Additionally, NSAIDs were simultaneously
administrated for nociceptive pain component in
both treatment groups.

The NRS reduction in CSR-related pain and
numbness were commonly confirmed in each treat-
ment group over time. The positive rate of provo-
cation tests was also reduced in response to NRS
changes. With regards to pain intensity, the prega-
balin treatment resulted in more pronounced pain
reduction beginning with 2 weeks after treatment
with a clinical meaningful difference, suggesting a
change over 2 points in NRS score?®. However the
superiority of pregabalin did not last throughout all
observational period. A recent double-blind, ran-
domized study showed that the efficacy of limaprost
for LSS-induced leg pain was similar to that of pre-

gabalin at time points of 4 and 8 weeks with an im-
provement from baseline over time?”. That tempo-
ral superiority for pregabalin in the current study
implies the possibility of a gradual analgesic effect of
limaprost or just mirroring natural history of CSR
with the treatment of NSAIDs ; however, the exact
explanation is beyond the obtained results. The
observed greater alleviation of numbness during
movement in the limaprost-treated group at 8 weeks
was considered to be related to improved peripheral
blood circulation in the affected nerve root. The
reason for this might be that the blood flow impair-
ment caused by dynamic factor is likely to be a re-
versible pathophysiological change, and therefore is
more reactive to the limaprost treatment than that of
a statically compressed condition. An experimental
entrapment neuropathy model revealed that PGE,
led to not only an inhibition of nerve growth factor
(NGF) associated with initiation and maintenance of
neuronal excitability, but also with an enhancement
of vascular endothelial growth factor (VEGF) attrib-
uted to an improvement of blood flow at the com-
pressed nerve root lesion'”. Furthermore, it was
reported that in clinical practice, limaprost signifi-
cantly improved leg numbness, but not low back pain
or leg pain, in patients with LSS after an 8-week in-
tervention in comparison with NSAIDs?*”. These
facts are partly in accordance with the observed
findings in the current study. An insignificant dif-
ference in SF-36 score in an 8-week observational
period indicates that the improved numbness could
not influence QOL, though suggested a trend toward
better overall satisfaction in the limaprost treat-
ment. In the current study, 48.5% of patients with
CSR were confirmed to have a positive or ambigu-
ous neuropathic pain component according to the
painDETECT, whereas the rate was lower than that
of approximately 90% reported by a previous study
in degenerative cervical radiculopathy?”. The dif-
ference in rate was likely to be due to the duration
from the disease onset, because an average duration
in an aforementioned study was 7.6 months, which
was longer than approximately 6 weeks shown in
our trial. Taken these acquired findings together,
pregabalin for CSR-related symptoms induced an
earlier response than limaprost in pain sensation and
the later response of limaprost was confirmed espe-
cially in numbness sensation. Subsequently, the
comparisons of health-related QOL could not reflect
such somatosensory changes.

There are some limitations of this trial. First,
our trial was performed in acute clinical setting ac-
cording to the disease duration ; it is therefore con-
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sidered that NSAIDs might be even more effective
for such condition that is different from chronic pain
state. Second, the design flaws included the ab-
sence of the control (placebo plus NSAIDs group),
which implies that a favorable natural course of CSR
with NSAIDs treatment cannot be ruled out to ex-
plain the observed effects. Third, the required
sample size based on our preliminary research
would be small if a common standard deviation was
assumed at 3.0 in NRS score. Fourth, the variabili-
ty in the selection of concomitant NSAIDs would in-
fluence on the resultant effects, though there is an
evidence that various types of NSAIDs including
COX-2 inhibitors are equally effective for low back
pain®.  Fifth, the dosage of pregabalin was limited
to 150 mg/day and thus there is a possibility that a
greater dose of pregabalin could result in the further
analgesic effects. On the other hand, it should be
noted that pregabalin produces dose-dependent side
effects as observed in this study”. Even under our
condition, pregabalin-treated group provided a rath-
er rapid pain relief as clinically beneficial aspect. In
terms of arm numbness, the effect of limaprost was
interestingly more notable than CSR-related pain,
indicating that an improvement of numbness sensa-
tion might be susceptible to the changes of nerve
blood flow. Comprehensively, the present random-
ized study was the first trial that assessed the effica-
cy of limaprost in cervical radiculopathy as compared
to pregabalin. It is plausible that an amelioration of
impaired blood flow in the nerve root is a pivotal tar-
get for neuropathic pain state caused by the com-
pressed nerve root.

In this context, under conditions of routine clin-
ical practice in primary care setting, limaprost seems
to be a viable option for the management of CSR, in
particular, for numbness and, thereby, minimize re-
siduals. Future research is needed to elucidate
whether limaprost exerts an additional advantage to
the prolonged cervical radiculopathy or a form of in-
tractable pain as next steps.

Acknowledgements

The authors thank Dr. Atsuko Ogoshi for data
collection.

Conflict of Interest Disclosure

The authors declare no conflict of interest in
this work.

10.

11.

12.

13.

References

Carette S, Fehlings MG. Clinical Practice. Cervi-
cal radiculopathy. N Engl ] Med, 28 ; 353(4) :
392-399, 2005.

Kuijper B, Tans JT, Schimsheimer R], van der Kal-
len BE Beelen A, Nollet E de Visser M. Degen-
erative cervical radiculopathy : diagnosis and con-
servative treatment. A review. Eur J Neurol,
16(1) : 15-20, 2009.

Woods BI, Hilibrand AS. Cervical radiculopathy :
epidemiology, etiology, diagnosis, and treatment. ]
Spinal Disord Tech, 28(5) : E251-259, 2015.

Rhee JM, Yoon T, Riew KD. Cervical radiculopa-
thy. ] Am Acad Orthop Surg, 15(8) : 486-494,
2007.

Casey E. Natural history of radiculopathy. Phys
Med Rehabil Clin N Am, 22(1) : 1-5, 2011.
Portenoy RK. Painful polyneuropathy. Neurol
Clin, 7(2) : 265-288, 1989.

Vaillancourt PD, Langevin HM. Painful peripheral
neuropathies. Med Clin North Am, 83(3) : 627-
642, 1999.

Corey DL, Comeau D. Cervical radiculopathy.
Med Clin North Am, 98(4) : 791-799, 2014.
Dworkin RH, O’Connor AB, Backonja M, Farrar JT,
Finnerup NB, Jensen TS, Kalso EA, Loeser JD,
Miaskowski C, Nurmikko TJ, Portenoy RK, Rice
AS, Stacey BR, Treede RD, Turk DC, Wallace MS.
Pharmacologic management of neuropathic pain :
evidence-based recommendations. Pain,
132(3) : 237-251, 2007.

Finnerup NB, Attal N, Haroutounian S, McNicol E,
Baron R, Dworkin RH, Gilron I, Haanpii M, Hans-
son P, Jensen TS, Kamerman PR, Lund K, Moore
A, Raja SN, Rice AS, Rowbotham M, Sena E, Sid-
dall P, Smith BH, Wallace M. Pharmacotherapy
for neuropathic pain in adults : a systematic review
and meta-analysis. Lancet Neurol, 14(2) : 162-
173, 2015.

Lo YL, Cheong PW, George JM, Tan SB, Yue WM,
Guo CM, Fook-Chong S. Pregabalin and radicular
pain study (PARPS) for cervical spondylosis in a
multiracial asian population. ] Clin Med Res,
6(1): 66-71, 2014.

Saldafia M T, Navarro A, Pérez C, Masramén X, Re-
jas J. Patient-reported-outcomes in subjects with
painful lumbar or cervical radiculopathy treated
with pregabalin : evidence from medical practice
in primary care settings. Rheumatol Int, 30(8) :
1005-1015, 2010.

Lim TK, Shi XQ, Johnson JM, Rone MB, Antel JP,
David S, Zhang J. Peripheral nerve injury induces
persistent vascular dysfunction and endoneurial
hypoxia, contributing to the genesis of neuropathic
pain. ] Neurosci, 35(8) : 3346-3359, 2015.



14.

15.

16.

17.

18.

19.

20.

21.

Limaprost and pregabalin for CSR 81

Hao JX, Blakeman KH, Yu W, Hultenby K, Xu X]J,
Wiesenfeld-Hallin Z. Development of a mouse
model of neuropathic pain following photochemi-
cally induced ischemia in the sciatic nerve. Exp
Neurol, 163(1) : 231-238, 2000.

Kupers R, Yu W, Persson JK, Xu XJ, Wiesenfeld-
Hallin Z. Photochemically-induced ischemia of
the rat sciatic nerve produces a dose-dependent
and highly reproducible mechanical, heat and cold
allodynia, and signs of spontaneous pain. Pain,
76(1-2) : 45-59, 1998.

Liu Y, Obata K, Yamanaka H, Dai Y, Fukuoka T,
Tokunaga A, Noguchi K. Activation of extracellu-
lar signal-regulated protein kinase in dorsal horn
neurons in the rat neuropathic intermittent claudi-
cation model. Pain, 109(1-2) : 64-72, 2004.
Natsume T, Iwatsuki K, Nishizuka T, Arai T, Yama-
moto M, Hirata H. Prostaglandin E1 alleviates
neuropathic pain and neural dysfunction from en-
trapment neuropathy associated with diabetes mel-
litus. Microsurgery, 34(7) : 568-575, 2014.
Yamamoto T, Shimoyama N, Asano H, Mizuguchi T.
OP-1206, a prostaglandin E1 derivative, attenuates
the thermal hyperesthesia induced by constriction
injury to the sciatic nerve in the rat. Anesth
Analg, 80(3) : 515-520, 1995.

Onda A, Kikuchi S, Yabuki S, Otani K, Nikaido T,
Watanabe K, Konno S. Limaprost alfadex and
nonsteroidal anti-inflammatory drugs for sciatica
due to lumbar spinal stenosis. Eur Spine ],
22(4) : 794-801, 2013.

Matsudaira K, Seichi A, Kunogi J, Yamazaki T, Ko-
bayashi A, Anamizu Y, Kishimoto J, Hoshi K,
Takeshita K, Nakamura K. The efficacy of prosta-
glandin E1 derivative in patients with lumbar spinal
stenosis. Spine, 34(2) : 115-120, 2009.
Takahashi J, Kobayashi H, Wakabayashi S, Deguchi
M, Ito H, Mogami Y, Tanikawa H, Nakagawa H,
Moriya H, Ashizawa R, Takahara K, Kinoshita H,
Tateiwa Y, Misawa H, Tsutsumimoto T, Nakakohji
T, Yuzawa Y, Sawaumi A, Hidai Y, Matsuda S, Naka-
mura I, Toba S, Kamimura M, Nakane T, Hira-

22.

23.

24.

25.

26.

217.

28.

bayashi H, Hashidate H, Ogihara N, Mukaiyama K,
Kato H, Ohtsuka K. The effect of a prostaglandin
E1 derivative on the symptoms and quality of life
of patients with lumbar spinal stenosis. ] Orthop
Sci, 18(2) : 208-215, 2013.

Kim HJ, Kim JH, Park YS, Suk KS, Lee JH, Park
MS, Moon SH. Comparative study of the efficacy
of limaprost and pregabalin as single agents and in
combination for the treatment of lumbar spinal
stenosis : a prospective, double-blind, randomized
controlled non-inferiority trial. Spine ], 16(6) :
756-763, 2016.

Freynhagen R, Baron R, Gockel U, Tolle TR.
painDETECT : a new screening questionnaire to
identify neuropathic components in patients with
back pain. Curr Med Opin, 22(10) : 1911-1920,
2006.

Sawaragi H, Takenobu Y, Nonaka S, Katsube N.
Effects of OP-1206 o CD on the thermal hyperes-
thesia induced by constriction injury to the sciatic
nerve in the rat. (in Japanese) Kiso to Rinsho,
30(2) : 237-244, 1996.

Sekiguchi M, Konno S, Kikuchi S. Effects on im-
provement of blood flow in the chronically com-
pressed cauda equina : comparison between a se-
lective prostaglandin E receptor (EP4) agonist and
a prostaglandin E1 derivate. Spine, 31(8) : 869-
872, 2006.

Kelly AM. Setting the benchmark for research in
the management of acute pain in emergency de-
partments. Emerg Med (Fremantle), 13(1) : 57-
60, 2001.

Tampin B, Slater H, Briffa NK. Neuropathic pain
components are common in patients with painful
cervical radiculopathy, but not in patients with non-
specific neck-arm pain.  Clin J Pain, 29(10) : 846-
856, 2013.

Roelofs PD, Deyo RA, Koes BW, Scholten R], van
Tulder MW. Nonsteroidal anti-inflammatory
drugs for low back pain : an updated Cochrane re-
view. Spine, 33(16) : 1766-1774, 2008.



