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Study Design: This is a retrospective observational study with an outpatient setting.

Purpose: This study aimed to describe the effects of duloxetine (DLX) administration for postsurgical chronic neuropathic disorders
(both pain and numbness) following spinal surgery in patients without depression.

Overview of Literature: Although several reports indicated the potential of DLX to effectively treat postoperative symptoms as a
perioperative intervention, there have been no reports of its positive effect on postsurgical chronic neuropathic disorders.

Methods: A total of 24 patients with postsurgical chronic pain and/or numbness Numeric Rating Scale (NRS) scores of >4 were
enrolled. All patients underwent spine or spinal cord surgery at Keio University Hospital and received daily administration of DLX for
more than 3 months. The mean postoperative period before the first administration of DLX was 35.5+57.0 months. DLX was adminis-
tered for more than 3 months at a dose of 20, 40, or 60 mg/day, and the degree of pain and numbness was evaluated using the NRS
before administration and 3 months after administration. Effectiveness was defined as more than a 2-point decrease in the NRS score
following administration.

Results: In terms of the type of symptoms, 15 patients experienced only numbness, eight experienced both pain and numbness, and
one experienced only pain. Of the 24 patients, 19 achieved effective relief with DLX. DLX was effective for all patients with postsurgi-
cal chronic pain (n=9), and it reduced postsurgical chronic numbness in 18 of 23 patients. No significant difference was observed in
background spinal disorders. DLX was not effective for five patients who complained only of postsurgical chronic numbness.
Conclusions: This study reports the effectiveness of DLX for postsurgical chronic neuropathic disorders. Although DLX reduced post-
surgical chronic pain (efficacy rate=100%) and numbness (78.3%) in certain patients, further investigation is needed to determine its
optimal use.
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Introduction

In recent years, the development of minimally invasive
surgical techniques for spine and spinal cord disorders
has improved surgical outcomes, especially in terms of
perioperative and postoperative pain. However, neuro-
pathic pain following spine surgery, which is sometimes
referred to as failed back surgery syndrome, remains a
major problem, and residual numbness after surgery for
lumbar spinal stenosis (LSS) is especially scarcely settled.
Chronic postoperative residual pain and numbness (post-
surgical chronic pain and numbness) are a nuisance for
spine surgeons, and it is generally agreed that preopera-
tive numbness at rest is particularly refractory [1]. Post-
surgical chronic pain following spine surgery is heavily
influenced by neuropathic pain, which is characterized
not only by spontaneous and provoked pain but also by
paresthesia and dysesthesias reflecting neural damage [2].
Only gabapentinoids have been reported to effectively
treat neuropathic pain following spine surgery [3], and a
multidisciplinary treatment approach is needed [4].
Although the precise mechanisms of central pain inhi-
bition to facilitate the descending pain inhibitory pathway
remain uncertain, duloxetine (DLX), a serotonin and
norepinephrine reuptake inhibitor (SNRI) that mediates
pain inhibition in the descending pathways, has attracted
much attention for evidence as an analgesic agent for dia-
betic peripheral neuropathic pain [5], fibromyalgia [6],
chronic low back pain [7], and pain associated with knee
osteoarthritis [8] and for the treatment of psychiatric dis-
eases, such as depression and anxiety disorders. Recently,
several previous reports have indicated that DLX could
reduce morphine requirements following knee replace-
ment surgery [9] and opioid consumption following spine
surgery [10]. Furthermore, DLX could improve the out-
comes of spinal cord stimulation for chronic pain [11],
and perioperative administration of DLX combined with
etoricoxib, a cyclooxygenase-2 inhibitor and nonsteroidal
anti-inflammatory drug, could improve analgesia and re-
duce opioid consumption after lumbar laminectomy [12].
Collectively, the clinical utility of DLX for spine surgery is
beyond dispute. Abovementioned reports have addressed
the effectiveness of DLX prescribed within 48 hours after
surgery on postoperative pain. Based on the analogy of
this previously reported effectiveness of DLX on postop-
erative pain, DLX prescription was supposed to produce
sustainable effects on persistent chronic pain after surgery.

This study aimed to retrospectively examine the effects
of DLX on persistent chronic postsurgical symptoms,
including both pain and numbness, after spine and spinal
cord surgery in patients without depression or other men-
tal disorders.

Materials and Methods

1. Study design and setting

This was a retrospective observational study evaluating
the efficacy of DLX on persistent chronic postsurgical
neuropathic disorders (i.e., pain and numbness) in an out-
patient setting. After obtaining Institutional Review Board
approval, we retrospectively reviewed the medical records
of patients who underwent spinal surgery at Keio Uni-
versity Hospital and who received DLX after December
2016 for the treatment of chronic low back pain or knee
pain associated with osteoarthritis in an outpatient clinic.
Dopamine D2 receptor antagonist (e.g., domperidone,
sulpiride, and itopride) or selective serotonin 5-HT, re-
ceptor agonist (mosapride) was administered, depending
on each individual’s degree of side effect, to mitigate the
side effects of DLX, such as nausea and vomiting.

2. Participants

A total of 24 patients (15 males and nine females) who
underwent spine or spinal cord surgery at our institution
between 2002 and 2016 and who presented with residual
symptoms (i.e., pain and/or numbness) at and/or below
the lesion site for more than 3 months were enrolled in
this study. The residual neuropathic disorders (pain and/
or numbness) were definitely diagnosed according to the
grading system for the diagnosis of neuropathic pain,
which was advocated by the Special Interest Group on
Neuropathic Pain of the International Association for
the Study of Pain [13,14]. Then, a Numeric Rating Scale
(NRS) was used to asses residual neuropathic pain and
numbness [15]; an NRS score of 0 was defined as no pain
or numbness, and an NRS score of 10 was defined as
the worst pain and/or numbness ever experienced. All
patients had postsurgical chronic neuropathic disorders
with an NRS score of >4.

All patients had a history of pregabalin prescription
regardless of its continuation. DLX was prescribed in all
cases, which was initiated at 20 mg/day and gradually



I (kYA Osahiio Tsuji et al.

increased to a maximum of 60 mg/day, according to each
patient’s degree of adverse effects, such as nausea and
dizziness. The dosage that provided adequate symptom
relief was then maintained for a period of more than 3
months. Patients were allowed to continue analgesics or
other previously administered concomitant medications
during treatment with DLX. All patients presented to our
institution’s outpatient clinic for follow-up, which usu-
ally occurred every 3-5 weeks after the first visit. Patients
were asked to rate each residual symptom using the NRS 3
months after the DLX treatment initiation with adequate
symptom relief.

To compare the NRS results of postsurgical chronic
pain and numbness before and 3 months after the DLX
treatment initiation, patients with more than a 2-point de-
crease in the NRS score after administration (ANRS score
>2) were classified as the effective group (E group) and
the others as the not effective group (N group), according
to previous reports [15]. An NRS score of >7 was defined
as severe; 4-6, moderate; 1-3, mild; and 0, none [16]. Fur-
thermore, the degree of symptom (i.e., pain and numb-
ness) relief was defined as follows: a >2-point decrease in
the pain or numbness intensity assessed using the NRS,
which signified a clinically meaningful reduction, was de-
fined as much improved, and a >50% decrease in the NRS
score than baseline or an NRS score of <2 after 3 months
of treatment was considered substantial symptom (pain
and/or numbness) relief and was defined as very much
improved [17]. A <1-point decrease in the NRS score was
defined as no change.

3. Data collection

The type of neuropathic disorder (i.e., pain only, numb-
ness only, or both) was assessed in the outpatient clinic
before the DLX administration. First, the efficacy rate of
DLX for each neuropathic disorder (i.e., pain and numb-
ness) was investigated 3 months after DLX was prescribed.
Then, data for possible related factors for the effect of DLX
on postoperative neuropathic disorders were collected,
such as patient characteristics (i.e., age, gender, and body
mass index [BMI]), primary spinal disease that led to
surgery, postoperative duration before DLX administra-
tion, maintenance dosage of DLX, concomitant tramadol
and/or pregabalin use, and past medical history strongly
related to neuropathy, such as type 2 diabetes mellitus.
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4. Statistical analysis

Data are expressed as meanststandard deviations. Pear-
son’s chi-square test was used for categorical variables to
assess the differences between the E and N groups. The
Wilcoxon signed-rank test was used to conduct paired
analyses, and the Mann-Whitney U-test was used to con-
duct unpaired analyses for continuous variables. Statistical
analysis was performed using the IBM SPSS ver. 25.0 (IBM
Corp., Armonk, NY, USA). A p<0.05 was considered sta-
tistically significant.

5. Ethics approval and informed consent

The study protocol was conducted in accordance with the
Declaration of Helsinki and in compliance with ethical
guidelines for medical and health research involving hu-
man subjects. Moreover, this study protocol was approved
by the ethics committee of Keio University School of
Medicine (approval no., 20110222). Informed consent was
obtained in the form of opt-out on the website. Those who
rejected were excluded.

Results

A total of 24 patients (15 males and nine females) were
included in this study with a mean age of 67.3+11.1 years
(median, 73 years; range, 48-85 years) (Table 1). No sig-
nificant difference was observed in the geographic back-
ground data (i.e., age, gender, and BMI) between the E
and N groups. With regard to the primary disease that led

Table 1. General information on all participants

Characteristic Total value

Gender
Male 15
Female 9
Mean age (yr) 67.3+11.1
Median age (yr) 73 (48-85)
Primary disease
Degenerative 14
Spinal cord 10

Duration after surgery (mo) 35.5+57.0 (3-180)

Values are presented as number, mean+SD, median (range), or mean+SD
(range).
SD, standard deviation.
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to spinal surgery, there were 14 patients with degenerative
spinal disease (10 with LSS and four with cervical spon-
dylosis) and 10 patients with spinal cord disorders (Table
2). Of these 10 patients, three had cervical extramedullary
schwannoma; two, cervical intramedullary tumors; two,
lumbar extramedullary schwannoma; and three, other
thoracic lesions (i.e., extramedullary schwannoma, spinal
cord herniation, and dural arteriovenous fistula). The
mean duration of the postoperative period was 35.5+57.0
months (range, 3-180 months). There were 15 patients
with only numbness, eight with both pain and numbness,
and one with only pain.

A total of 19 patients (E group) had a change greater
than 2 points in the NRS score after DLX initiation (ef-
ficacy rate=79.2%). DLX was effective in all patients with
postsurgical chronic pain (n=9, efficacy rate=100%)
according to our definition (ANRS >2), whereas DLX
reduced postsurgical chronic numbness in 18 of 23 pa-
tients (efficacy rate=78.3%). All five of these patients were
in the N group and exhibited only postsurgical chronic
numbness, and the efficacy rates according to the disease

Table 2. Geographic data of participants in the study

Characteristic E-group (n=19)  N-group (n=5)  p-value
Gender NS
Male 12 3
Female 7 2
Age (yr) 66.9+11.2 68.4+11.5 NS
Background spinal disorder NS
Degenerative 10 4
Spinal cord 9 1
Height (cm) 160.7+10.1 159.848.0 NS
Body weight (kg) 63.8+16.0 58.0£10.3 NS
Body mass index (kg/m?) 244440 22.6+2.6 NS

Duration before duloxetine

administration (mo) 50.5+60.8 (3-180) 45.8+44.6 (10-120) NS

Ongoing concomitant

- 10 4 NS
pregabalin usage
Ongoing concomitant A 1 NS
tramadol usage
Diabetes 4 0 0.012

Values are presented as number, mean+SD, or mean+SD (range). Geographic
data of patients in the E group (n=19), which were defined as those with more
than a 2-point decrease in their NRS scores (each for pain and numbness) after
duloxetine administration, and the N group (n=5), which were defined as those
with less than a 1-paint decrease in the NRS score for pain or numbness.

SD, standard deviation; NS, no significant difference; NSR, Numeric Rating
Scale.

category were 71.4% (10 of 14) for degenerative spinal
diseases and 90% (nine of 10) for spinal cord disorders.
No significant difference was observed in the DLX effi-
cacy rate of patients with degenerative spinal disease and
those with spinal disorders (Table 2). The mean NRS pain
scores (n=9, all cases with postsurgical chronic pain were
in the E group) significantly decreased after 3 months of
DLX treatment (6.22+1.92 at baseline and 2.78+2.44 at 3
months). The mean NRS numbness score was 6.34+2.01
at baseline and 4.13+2.44 3 months after DLX initiation
in all patients with numbness (n=23). The NRS numb-
ness scores decreased from 6.33+1.68 to 3.56+2.01 in the
E group and from 6.40+3.21 to 6.20+2.95 in the N group
(Fig. 1A, B). The mean NRS pain and numbness scores
significantly decreased in the E group (p<0.01) (Fig. 1A).
The intensity of symptoms at baseline and 3 months fol-
lowing DLX initiation is presented in Fig. 2. DLX reduced
the intensity of postsurgical chronic pain. At baseline, two
patients had severe postsurgical chronic pain, and seven
had moderate postsurgical chronic pain. Three months
after DLX initiation, three had moderate postsurgical
chronic pain, four had mild postsurgical chronic pain, and
two had no postsurgical chronic pain (Fig. 2A). In addi-
tion, DLX relatively mitigated the intensity of postsurgical
numbness. At baseline, 10 patients had severe postsurgi-
cal chronic numbness, and 13 had moderate postsurgical
chronic numbness. Three months after DLX initiation,
three had severe postsurgical chronic numbness, eight
had moderate postsurgical chronic numbness, and 12 had
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Fig. 1. Post-surgical chronic pain and numbness assessed by the Numeric Rat-
ing Scale (NRS). (A) The mean NRS pain score (n=9). Duloxetine (DLX) reduced
post-surgical chronic pain by more than 2 points on the NRS. All nine patients
with post-surgical chronic pain were in the E group. There was a significant de-
crease in the NRS pain scores after 3 months of DLX treatment compared with
baseline (before DLX administration). (B) The mean NRS post-surgical chronic
numbness scores (total n=23). The E group patients with numbness (n=18)
exhibited a significant decrease in symptoms 3 months after DLX treatment
initiation, while the N group patients with numbness (n=5) showed no symptom
relief. NS, no significant difference. ~p<0.01.
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mild postsurgical chronic numbness (Fig. 2B). There were
no patients with complete relief of numbness after DLX
treatment.

The proportion of patients with a marked pain response
to DLX (i.e., very much improved) was 66.7% (six of
nine patients with postsurgical chronic pain), and the
proportion of those with much improved pain was 33.3%
(three out of nine patients). With regard to the reduction
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B Moderate: NRS 4-6 M Moderate
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Fig. 2. The intensity of each post-surgical chronic symptom. Pain and numbness
were evaluated with the Numeric Rating Scale (NRS) as follows: NRS score >7
as severe, NRS score of 46 as moderate, NRS score of 1-3 as mild, and NRS
score of 0 as none. (A) The change in pain intensity before and 3 months after
duloxetine (DLX) treatment. Two patients had complete pain relief (NRS=0)
after 3 months of DLX treatment. (B) The change in the intensity of numbness
before and 3 months after DLX treatment.
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Fig. 3. (A, B) Assessment of improvement in each symptom. The degree of
symptom relief was defined as follows: symptoms with a decrease in the
Numeric Rating Scale (NRS) score >2 as much improved, a decrease in the
NRS score more than 50% compared with baseline or NRS <2 after 3 months
of treatment as very much improved, and a decrease in the NRS score <1 as
no change. Among the patients with post-surgical chronic pain, 33% showed
a very much improved change, and 66% showed a much improved change.
For post-surgical chronic numbness, 39.1% patients each showed very much
improved and much improved changes (nine patients each), while 21.7% exhib-
ited no change in numbness.
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in postsurgical chronic numbness, the proportions of
patients with very much improved and much improved
numbness were 39.1% and 39.1%, respectively (nine of
23 cases each), whereas five patients (21.7%) exhibited no
change after 3 months of DLX treatment (Fig. 3).

The mean postoperative duration before DLX adminis-
tration in each group was 50.5+60.8 months (range, 3-180
months) in the E group and 45.8+44.6 months (range,
10-120 months) in the N group. No statistically signifi-
cant difference was observed in this duration. There were
three patients with a postoperative duration of 15 years,
and DLX was effective in all of them. With regard to the
maintenance dose of DLX per day, 47% of patients in the
E group (n=9) received 40 mg/day, 32% (n=6) received
60 mg/day, and 21% (n=4) received 20 mg/day, whereas
all patients in the N group (n=5) received 60 mg/day. In
terms of ongoing concomitant prescriptions with DLX
in this study, 14 patients received pregabalin, and five
patients received tramadol. No significant difference was
observed in the distribution of these patients between the
E and N groups (Table 2). Among all participants, four
had a history of diabetes, all of whom were in the E group
(p<0.05) (Table 2).

Although DLX reduced postsurgical pain and numb-
ness in 19 patients (79.2%) in this analysis, DLX exhibited
no efficacy in postsurgical numbness in five of 24 patients.
The details of these five patients, who were all in the N
group, are presented in Table 3. Among them, two who
underwent multiple back operations (i.e., several lumbar
decompressions and/or fusion surgeries) had tandem
spinal stenosis at another spinal site, and one had carpal
tunnel syndrome after cervical laminoplasty (Table 3).

Discussion

Acute postoperative pain is caused by several mecha-
nisms, such as nociceptive, neuropathic, and inflamma-
tory mechanisms [18]. Hence, spinal surgeries are rated
among the top six procedures that elicit intense postsur-
gical pain for the initial few days [19], and adequate and
energetic postsurgical pain management is mandatory to
prevent the development of postsurgical chronic pain and
peripheral/central sensitization. However, most patients
who underwent spinal surgery already had preexisting
pain which, along with preoperative long-term analgesic
use, might alter their pain perception, thereby complicat-
ing their pain management. Pregabalin, which is a struc-
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tural analog of y-aminobutyric acid and binds to the a24-
1 and a28-2 auxiliary subunits of the presynaptic calcium
channels, is widely prescribed to achieve adequate pain
relief following elective spinal surgery. Several previous
studies have reported the effectiveness of perioperative
pregabalin administration in reducing postoperative pain
[20,21]. Urban et al. [22] reported that pregabalin admin-
istration did not reduce perioperative opioid consumption
and did not improve acute postoperative pain manage-
ment. Although pregabalin had some positive effects on
postoperative residual symptoms, we frequently encoun-
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double-blind, placebo-controlled phase 3 trial, Konno
et al. [7] recently reported that DLX monotherapy could
improve pain severity in Japanese patients with chronic
low back pain. The current study, albeit a retrospective
analysis, was the first study to indicate the effectiveness
of DLX for both postsurgical chronic myelopathic disor-
ders of pain and numbness in the chronic stage following
surgery (mean duration after surgery, 35.5+57.0 months).
The results of this study suggest the effectiveness of DLX
on postsurgical chronic neuropathic pain. DLX has been
reported to be effective for diabetic neuropathy and che-
motherapy-induced neuropathic pain in cancer-bearing
patients; however, there is no report of its effectiveness on
postsurgical chronic neuropathic pain following spinal
surgery. Although there is no report of the reinforcement
of temporal summation in patients with prolonged pain
after spinal surgery, it has been reported that there are
some populations of low back pain patients who were
strongly involved with central sensitization [25]. In a pre-
vious research on diabetic neuropathy, DLX was proven
to be more effective in cases with increased temporal
summation and decreased conditioned pain modula-
tion, improving temporal summation and conditioned
pain modulation [26]. In an animal experimental study,
gabapentin administration onto rats with L5 nerve root
ligation model ceased to be effective from 4 weeks after
ligation [27]. Moreover, pregabalin could not reactivate
the endogenous analgesia systems under the capsaicin-
induced nociceptive stimuli at 6 weeks after L5 nerve liga-
tion, whereas SNRIs, such as amitriptyline or DLX, could
reactivate them [28]. Although it was actually unknown
whether patients enrolled in this study had exhibited
central sensitization, the mechanism of DLX effectiveness
on postsurgical chronic neuropathic disorders might be
based on the improvement of intrinsic analgesia systems
in patients following spinal surgery in whom the descend-
ing pain inhibitory system was attenuated.

Although DLX seemed to have some effects on chronic
neuropathic disorders after spine and spinal cord surgery,
there were indeed several cases with persistent postsur-
gical chronic numbness for which no intervention was
effective. In this study, five patients with postoperative
chronic numbness exhibited no symptom relief after DLX
initiation. Minute neurological examinations revealed
that two patients had tandem spinal stenosis, and one had
entrapment peripheral neuropathy. The morbidity rate of
tandem spinal stenosis among patients with spinal ste-
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nosis was approximately 60%, which is often overlooked
[29]. Double crush syndrome, which was first described
in 1973, has been frequently reported to have a higher
prevalence of cervical radiculopathy, especially in patients
with carpal tunnel syndrome, compared with the general
population [30]. When postsurgical chronic numbness
is experienced after spine and spinal cord surgery, spine
surgeons should pay attention to the possibility of these
concomitant neurological disorders.

This study has some limitations. First, the retrospective
design of this study unavoidably lowered the evidence
level. Second, the sample size was quite small, and there
was no control group. Finally, the population enrolled in
this study was heterogeneous in terms of both underlying
spinal disorders and concomitant drug use. However, our
strength was that this is the first study to analyze the effec-
tiveness of DLX in postsurgical chronic pain and numb-
ness. Future prospective studies with larger samples and
a randomized, controlled setting should be considered to
evaluate the effectiveness of DLX in postsurgical chronic
neuropathic disorders.

Conclusions

This study indicated that DLX reduced chronic symptoms
of postsurgical chronic neuropathic disorders (i.e., pain
and numbness). Although postsurgical numbness was of-
ten intractable, strong neurological examinations should
be reconsidered to increase awareness of the signs of oc-
cult neurological disorders. DLX reduced postsurgical
chronic pain (efficacy rate=100%) and numbness (78.3%)
in certain patients. Further investigations are required to
determine the optimal use of DLX.
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