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Rehabilitation Management of Neuropathic Pain after
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B Lau13, JW Middleton14, C O’Connell15,16, S Orenczuk3, PJ Siddall14, A Townson13, C Truchon17,
E Widerström-Noga18, D Wolfe1,3 and E Loh1,2,3
Study design: Clinical practice guidelines.
Objectives: To develop the ﬁrst Canadian clinical practice guidelines for treatment of neuropathic pain in people with spinal cord
injury (SCI).
Setting: The guidelines are relevant for inpatient and outpatient SCI rehabilitation settings in Canada.
Methods: The CanPainSCI Working Group reviewed the evidence for different treatment options and achieved consensus. The Working
Group then developed clinical considerations for each recommendation. Recommendations for research are also included.
Results: Twelve recommendations were developed for the management of neuropathic pain after SCI. The recommendations address
both pharmacologic and nonpharmacologic treatment modalities.
Conclusions: An expert Working Group developed recommendations for the treatment of neuropathic pain after SCI that should be
used to inform practice.
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INTRODUCTION
An international panel of experts—the CanPainSCI Working Group
(WG)—was formed to develop the ﬁrst Canadian clinical practice
guideline (CPG) to inform the management of at- and below-level
neuropathic pain (NP) in people with spinal cord injury (SCI) in an
inpatient and outpatient rehabilitation setting. Using a consensusbased, modiﬁed Grading of Recommendations Assessment,
Development and Evaluation (GRADE) approach, recommendations
have been made for three speciﬁc areas of management: screening and
diagnosis; treatment; and model of care.1 This paper focuses on
treatment of at- and below-level NP.
Treatment of neuropathic pain after spinal cord injury
SCI-related NP is a complex management challenge: frequently the
long-term prognosis is poor, often worsening over time; NP can
signiﬁcantly impair functioning, increase disability and reduce quality
of life; and it may be very difﬁcult to achieve adequate pain control. In
fact, only one-third of patients experience a 50% reduction in NP with
treatment.2 As a result, the therapeutic goal for many patients with

SCI-related NP is reducing pain severity sufﬁciently to support
functional improvement.
Mechanisms operating at the spinal, peripheral and cerebral level
may contribute to the development of post-SCI NP. Some experimental ﬁndings indicate that SCI-related NP may originate in the
spinal cord near the site of damage and involve secondary changes
in damaged nerve roots and brain structures.3 Excitotoxic and
inﬂammatory processes that decrease inhibition and alter descending
modulation may produce functional changes in surviving neurons and
cortical and subcortical structures.4 Pharmacologic studies suggest that
reducing membrane excitability and glutamate receptor activation
(lidocaine and ketamine), increasing neuronal inhibition (baclofen
and propofol) or blocking either sodium (lamotrigine) or calcium
(pregabalin) channels involved in hyperexcitability may be effective for
SCI-related NP.
Currently available treatment options, which target pathophysiologic changes at peripheral, spinal and cerebral levels,
include both pharmacologic and nonpharmacologic approaches.3
Pharmacologic options include anticonvulsants, antidepressants and
opioids. Nonpharmacologic approaches, which encompass stimulation
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techniques, surgery and psychological management, may differ
according to the type of pain and the level of injury.
Within the emerging ﬁeld of SCI-related NP, studies on pharmacologic treatment options dominate the literature.5,6 There is guidance
in the form of outcome measures,2 assessment and treatment
algorithms,2,7,8 guidelines9–12 and consensus statements.13 However,
previous guidelines on this topic are either not speciﬁc to SCI-related
NP or have not been conceptualized using the Appraisal of Guidelines
for Research and Evaluation (AGREE) methodology.
Primary objective
The aim of the CanPainSCI WG was to develop recommendations to
help rehabilitation health-care providers make decisions about the
treatment of SCI-related NP.
MATERIALS AND METHODS
As previously described, the Steering Committee (SC) conducted a
speciﬁc literature review based on treatment options for NP.
If conﬂicting evidence for a speciﬁc treatment option was found,
then the SC performed a meta-analysis in an effort to resolve
the conﬂict (this was the case for amitriptyline) and used the
GRADE process to evaluate the literature and rate the quality of the
evidence (Supplementary File 1).1 Unique among most CPGs and
recommendations for the management of NP, the current guideline
addresses both pharmacologic and nonpharmacologic therapies within
lines of treatment.
The Treatment Working Group (TWG) was formed using a
previously described methodology. The panel reviewed the analysis
and evidence rating for each therapy and proposed recommendations,
which were reﬁned through subsequent meetings until the panel
achieved consensus. The expert panel assigned a strength of recommendation (strong or weak) in accordance with the GRADE process.
The strength of a recommendation was based on numerous factors
including clinical experience, side-effect proﬁle, effectiveness in other
neuropathic pain populations and any other factors that the panel
considered relevant. The draft recommendations were then presented
to the entire CanPainSCI WG for review and discussion. Each
recommendation was accompanied by relevant clinical considerations
and rationale where needed. Using the previously described
methodology, the CanPainSCI WG discussed and voted on the
ﬁnal recommendations during a face-to-face meeting. Only those
recommendations receiving at least 75% agreement were adopted and
are included here.
The CanPainSCI WG assigned therapies to ﬁrst-, second- third- or
fourth-line use based on the assessment of evidence using the GRADE
process.1 The WG made speciﬁc modiﬁcations to this process in
accordance with GRADE. First, in the presence of multiple study types
for a particular treatment, the WG deferred to the highest-quality
study design, such as randomized controlled trials (RCTs), to rate
quality. Second, the size of the study population was not used to
downgrade evidence quality, as study populations in the included
studies were generally small compared with study populations in more
prevalent (that is, non-SCI) conditions. Third, studies were not
downgraded in cases where studies were funded by pharmaceutical
companies, as these studies are among the very few multicenter RCTs
for any treatment modality in SCI-related NP. In addition, the WG
decided that accessibility of a treatment option would not affect
recommendation formation.
Recommendation of a treatment as ﬁrst-line therapy required
high-quality evidence and a strong recommendation. A second-line
recommendation required high- or moderate-quality evidence and a

strong recommendation. A third-line recommendation required
high- or moderate-quality evidence and a weak recommendation.
Assignment of a therapy to fourth-line use was based on moderate- or
low-quality evidence and a weak recommendation. Criteria for the
ranking of high, moderate, low and very low evidence were in
accordance with the modiﬁed GRADE process described previously.1
Recommendations advising against the use of particular therapies were
also developed.
For a number of treatment options, the TWG felt that further
research was required before a recommendation could be made. These
include certain treatments with low quality evidence, treatments with
demonstrated efﬁcacy in other populations with NP and treatments
with conﬂicting evidence in the literature.
RESULTS
The consensus process resulted in recommendations for 10 treatments. The CanPainSCI WG advised against the use of two therapies
and recommended several treatment approaches for additional
research before implementation.
Several principles guided the development of recommendations.
First, the main outcome of interest is pain intensity, and all evidence
supporting the recommendations includes the data on the effect of the
treatment strategy on pain intensity. Second, the CanPainSCI WG
recommends that combination therapy be used, when necessary,
to maximize the reduction in NP intensity and that complementary
or supplementary therapies be used to optimize overall patient
management. One such important complementary therapy is cognitive
behavioral therapy, which, although not demonstrating an effect on
pain intensity, signiﬁcantly affects mood, disability, patient global
impression of change and health-related quality of life.14 Third, it is
essential that patients with SCI-related NP receive education to
increase their level of knowledge about NP and skills needed to better
self-manage NP and to reduce their fear.15 Fourth, it is critical for
clinicians to assess and monitor the effects of all therapies on a regular
basis to maximize patient outcomes.
FIRST-LINE THERAPY
Recommendation 2.1
Pregabalin should be used for the reduction of neuropathic pain
intensity among people with SCI.
Quality of evidence: High.
Strength of recommendation: Strong.
Clinical considerations. Pregabalin is recommended as the ﬁrst choice
of ﬁrst-line medications, as it has the strongest evidence of any
treatment modality in below-level NP: all studies demonstrate a
signiﬁcant reduction in pain intensity. Pregabalin studies used larger
sample sizes than most treatment studies for SCI-related NP and
utilized rigorous methodology. Two high-quality placebo-controlled
RCTs and one moderate-quality placebo-controlled RCT, which was
downgraded based on wide conﬁdence intervals around numbers
needed to treat, comprise the evidence base for pregabalin.17–19 All
studies focused on NP and measured pain intensity. One trial studied
a mixed population that included stroke patients (N = 19), but a
subgroup analysis was performed for the group with SCI.19 It is noted
that a pharmaceutical company funded two of the pregabalin
RCTs.17,18
Pregabalin studies used ﬂexible dosing between 150 and 600 mg
per day. The main adverse effects were somnolence and dizziness,
which were usually of mild-to-moderate intensity and transient.17,18
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Recommendation 2.2
Gabapentin should be used for the reduction of neuropathic pain
intensity among people with SCI.
Quality of evidence: High.
Strength of recommendation: Strong.
Clinical considerations. Gabapentin is recommended as the next
choice when pregabalin is not an option or has been proven
ineffective, as the evidence supporting gabapentin in SCI-related NP
is not as strong as that for pregabalin. The body of evidence for
gabapentin in SCI-related NP contains three randomized trials, two of
which found no signiﬁcant difference between gabapentin and
placebo,20,21 although one trial21 found a trend toward pain intensity
reduction with gabapentin (N = 7). The third found gabapentin
signiﬁcantly reduced NP.22 Two observational case series included
only patients with SCI-related NP. One found a reduction in NP
intensity,23 and the other found a reduction in general pain intensity.24
An observational study of gabapentin in patients with SCI and
different durations of symptoms, which included patients with cauda
equina, found a signiﬁcant reduction in the mean pain intensity score
after treatment with gabapentin.25
Although the outcomes of reviewed studies were conﬂicting, a
meta-analysis performed as part of the data review indicated beneﬁt.
In addition, other CPGs for the management of central or peripheral
NP consider both pregabalin and gabapentin as ﬁrst-line therapy.
Although other NP CPGs consider pregabalin and gabapentin
interchangeable, further study is required to establish this within the
SCI-related NP population.
Maximum gabapentin doses in clinical trials ranged from 1800 to
3600 mg per day, and the major adverse events were dizziness and
somnolence.20–22
Recommendation 2.3
Amitriptyline can be used for the reduction of neuropathic pain
intensity among people with SCI.
Quality of evidence: High.
Strength of recommendation: Strong.
Clinical considerations. If pregabalin and gabapentin have been
ineffective, then amitriptyline is recommended; less evidence exists
for the efﬁcacy of amitriptyline than for the gabapentinoids.
A meta-analysis of four antidepressant RCTs for the management of
SCI-related NP found that these agents were effective in reducing
neuropathic pain.5 Two RCTs that studied amitriptyline had
conﬂicting results.20,26 One small study of patients with NP (N = 22)
found amitriptyline more effective than active control (diphenhydramine) and gabapentin.20 This study also found that NP was more
likely to improve in patients with depressive symptoms. The second
study of patients with NP (n = 51) and musculoskeletal pain (n = 33)
found no signiﬁcant difference between amitriptyline and control
(benzotropine mesylate).26
Tricyclic antidepressants are typically used to treat NP at a dose of
25 to 150 mg per day.27 Treatment is usually initiated at 10 to 25 mg
daily. In the Rintala study, which demonstrated amitriptyline efﬁcacy
in the treatment of SCI-related NP, nearly all participants reached the
target dose of 50 mg TID;20 these ﬁndings suggest that lower doses
may be less effective. Adverse effects of tricyclic antidepressants
include anticholinergic side effects, which mandate caution in the
SCI population, sedation, cardiotoxicity and a reduced seizure
threshold. Within other pain populations, secondary amine tricyclic
antidepressants (nortriptyline and desipramine) tend to have similar
Spinal Cord

efﬁcacy but better tolerability than tertiary amines (amitriptyline and
imipramine). There is a lack of evidence speciﬁc to patients with
SCI-related NP for both secondary and tertiary amine tricyclic
antidepressants.
SECOND-LINE THERAPY
Recommendation 2.4
Tramadol can be used for the reduction of neuropathic pain intensity
among people with SCI.
Quality of evidence: Moderate.
Strength of recommendation: Strong.
Clinical considerations. Tramadol is recommended as second-line
therapy for SCI-related NP. A single randomized, placebo-controlled
trial found a signiﬁcant reduction in pain intensity with tramadol
compared with placebo, but the evidence quality was downgraded
because of wide conﬁdence intervals.28 The Canadian Guideline for
Safe and Effective Use of Opioids for Chronic Non-Cancer Pain is a
useful resource for general information on opioid management and
prescription considerations.29 Although tramadol is not a scheduled
drug in Canada, in the United States it is a Schedule IV drug.
The maximum daily dosage of tramadol is 400 mg, divided into up
to four daily doses.27 Treatment is usually initiated at 50 mg QD or
BID and titrated, based on efﬁcacy and tolerability. Common adverse
effects are sedation, nausea and constipation. Twelve out of thirteen
participants in the Norrbrink and Lundeberg28 trial withdrew because
of adverse medication events. A slight increase in the risk of serotonin
syndrome can be seen when tramadol is combined with other
monoaminergic drugs such as tricyclic antidepressants.
Recommendation 2.5
Lamotrigine may be considered in those with incomplete SCI for the
reduction of neuropathic pain intensity.
Quality of evidence: Moderate.
Strength of recommendation: Strong.
Clinical considerations. Evidence for the efﬁcacy of lamotrigine has
been demonstrated only in patients with incomplete SCI. As a result,
lamotrigine is recommended as second-line therapy only in this
population. One randomized placebo-controlled trial showed that
lamotrigine signiﬁcantly reduced the intensity of NP for patients with
incomplete SCI, but the evidence quality was downgraded because of
wide conﬁdence intervals.30
Lamotrigine dosage was titrated to a maximum of 400 mg per day.30
Common adverse effects were dizziness, somnolence, headache
and rash. It should be noted that lamotrigine has a black box warning
issued by the United States Food and Drug Administration (FDA) for
serious skin rashes, including Stevens-Johnson Syndrome.
THIRD-LINE THERAPY
Recommendation 2.6
Transcranial direct current stimulation (tDCS) may be considered for
reducing neuropathic pain intensity among people with SCI.
Quality of evidence: High
Strength of recommendation: Weak
Clinical considerations. Transcranial direct current stimulation
(tDCS) is recommended as third-line therapy for patients with
SCI-related NP on the basis of four RCTs focused on NP in patients
with SCI. Three studies found a signiﬁcant reduction in pain intensity
with tDCS compared with sham control.31–33 One of these studies
found a signiﬁcant improvement in continuous pain on the last day of
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treatment, and paroxysmal pain at follow-up, but no signiﬁcant
reduction in overall pain intensity.33 A fourth study did not ﬁnd
a signiﬁcant difference between tDCS and sham control.34
A prospective-controlled trial that found a signiﬁcant reduction in
pain intensity, compared with sham control, was upgraded because of
small conﬁdence intervals and the inclusion of an intention-to-treat
analysis.35 A meta-analysis of the ﬁve studies found a positive effect for
transcranial direct current stimulation on pain intensity.36 tDCS was
given a weak strength of recommendation, as the panel felt that
it was more appropriate to trial pharmacological therapies ﬁrst,
in accordance with other neuropathic pain management guidelines
and extensive clinical experience with those treatments in neuropathic
pain secondary to various etiologies.
Minor side effects of tDCS include skin irritation, which can be
minimized by preparing electrodes with saline and the skin with
electrode cream and by increasing current gradually, and phosphene,
the visual perception of a brief ﬂash of light, which is not actually
present, if an electrode is placed near the eye.
Recommendation 2.7
Combined visual illusion and transcranial direct current stimulation
may be considered for reducing neuropathic pain intensity among
people with SCI.
Quality of evidence: High.
Strength of recommendation: Weak.
Clinical considerations. The combination of visual illusion and tDCS
is recommended as third-line therapy. An RCT in SCI-related NP
found a signiﬁcant reduction in pain intensity after treatment
compared with control illusion, visual illusion in isolation and tDCS
in isolation.33 An observational study of a cohort that included
individuals with neuropathic and other types of pain found a
nonsigniﬁcant improvement in pain intensity after treatment.37
The main side effects of this combined therapy included mild
headache and fatigue.33
FOURTH-LINE THERAPY
Therapies recommended for fourth-line use can be considered in
patients with pain that is refractory to earlier lines of therapy.
Recommendation 2.8
Transcutaneous electrical nerve stimulation (TENS) may be
considered for the reduction of neuropathic pain intensity among
people with SCI.
Quality of evidence: Low.
Strength of recommendation: Weak.
Clinical considerations. Two prospective-controlled observational
studies have been performed evaluating the effect of TENS in patients
with SCI-related NP.38,39 One trial found no signiﬁcant difference
between high-frequency and low-frequency TENS.38 The second trial
found a signiﬁcant effect of low-frequency TENS on pain intensity
reduction, and the quality of evidence was upgraded because the study
included a control group and randomized the participants.39 An early
(1975) observational case series found a pain intensity reduction with
TENS for two of 11 patients.39 The evidence quality of this study was
downgraded because of a lack of conﬁdence intervals and description
of methods, and a potential for bias.
It is important to consider the short duration of action for relief of
pain with TENS when contemplating the use of this modality. In
addition, lack of long-term follow-up precludes any discussion of the

prolonged efﬁcacy of TENS. Few side effects are associated with TENS,
but patients have reported increased pain intensity and muscle
spasm.38 The WG did not include TENS among the therapies without
speciﬁc recommendations because of a lack of long-term follow-up, as
the relatively innocuous side effects of TENS make this therapy more
appropriate for a therapeutic trial in refractory cases.
An additional consideration is electrode placement. Little evidence
suggests the utility of TENS when electrodes are placed in insensate
areas. Recent trials have used placement of electrodes at the level of
injury in an area with preserved or intact sensibility.38,39
Recommendation 2.9
Oxycodone can be used for the reduction of neuropathic pain
intensity among people with SCI.
Quality of evidence: Moderate.
Strength of recommendation: Weak.
Clinical considerations. Oxycodone is an oral opioid that has been
assessed in SCI-related NP. One observational study, which showed a
signiﬁcant reduction in pain intensity after 3 months of treatment, had
its quality of evidence upgraded because conﬁdence intervals were
provided and only patients with NP were included.40
Long-term opioid use exposes people to unique risks including
possible problems with drug tolerance and dose escalation, opioidinduced hyperalgesia, endocrinopathy and potential for misuse and
developing physical dependence, in addition to common side effects
such as constipation, which is more problematic in people with SCI.41
Typical opioid adverse effects include sedation, nausea, vomiting and
dry mouth.29 Oxycodone is ~ 1.5 times as potent as morphine. The
potential adverse effects and issues associated with oxycodone, and
opioids in general, led the panel to assign a weak strength of
recommendation. The panel recommends additional research into
the use of opioids as a class in patients with SCI-related NP. It is likely
reasonable to use opioids other than oxycodone, and the Canadian
Guideline for Safe and Effective Use of Opioids for Chronic
Non-Cancer Pain should be used to guide the use of medications in
this class.29
Recommendation 2.10
The dorsal root entry zone (DREZ) procedure may be considered in
exceptional circumstances and as a last resort for reducing neuropathic
pain intensity among people with SCI.
Quality of evidence: Low.
Strength of recommendation: Weak.
Clinical considerations. Evidence of beneﬁt for the DREZ procedure
exists, but the risk of the procedure does not justify its use beyond
exceptional circumstances. The available evidence supporting the
DREZ procedure is based on observational studies or case series in
SCI-only populations,42–46 and one study included patients with cauda
equina.44 A prospective-controlled observational trial found a reduction in pain intensity with the DREZ procedure and greater efﬁcacy in
below-level pain.42 An observational study found a reduction in pain
intensity after the DREZ procedure.44 Three observational case series
found that the DREZ procedure reduced pain intensity.44–46
Risks associated with the DREZ procedure include paresis,
neuropathy or radiculopathy, ataxia and a variety of surgical complications such as persistent incisional site pain, cerebrospinal ﬂuid leak,
wound infection, subcutaneous hematoma and bacteremia.43,46
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Advise against use
The studies for these treatment options demonstrated no effect or
beneﬁt in the SCI population, and their use is therefore not advised.
Recommendation 2.11
Levetiracetam should not be used for reducing neuropathic pain
intensity among people with SCI.
Quality of evidence: High.
Strength of recommendation: Strong.
Clinical considerations. A prospective RCT performed in a population
with SCI-related NP comparing levetiracetam with placebo found no
signiﬁcant difference between the two treatments.47
Recommendation 2.12
Mexiletine should not be used for reducing neuropathic pain intensity
among people with SCI.
Quality of evidence: High.
Strength of recommendation: Strong.
Clinical considerations. A prospective, placebo-controlled RCT in a
population of patients with SCI-related NP found that mexiletine was
not signiﬁcantly more effective than placebo in reducing pain
intensity.48
THERAPIES REQUIRING FURTHER RESEARCH
It should be strongly emphasized that the overall body of evidence for
the management of at- and below-level NP is inadequate. This
includes the evidence that has been used to support recommendations
put forward by our group. This issue is not unique to SCI but seems to
be the case in other central NP conditions as well. Often, general NP
CPGs recommend that the treatment of central NP utilize the same
recommendations as those for peripheral NP, with the exception of
certain situations where strong evidence exists.
Multicenter RCTs in patients with SCI-related NP are recommended for all treatments in this guideline, including ﬁrst-line
treatments, to generate adequate sample sizes and sufﬁcient power
to determine effectiveness conclusively. Top research priorities include
gabapentinoids, tricyclic antidepressants, serotonin-norepinephrine
reuptake inhibitors and cannabinoids.
The WG was unable to make speciﬁc recommendations about the
management strategies discussed in the following section, because of
insufﬁcient evidence for beneﬁt, studies with conﬂicting results and
insufﬁcient data to perform meta-analyses, or low-quality studies with
negative results. This section also reviews treatments that have
demonstrated efﬁcacy in other NP conditions but have limited
evidence within SCI populations. Additional research into the treatments within this section would be useful, as these therapies may have
a beneﬁt that is as yet unclear.
1) Treatments with low-quality evidence of positive effect
Several treatments evaluated by the SC had low-quality evidence of a
positive effect in reducing SCI-related NP intensity, including exercise,
spinal cord stimulation, hypnotic suggestion, massage, osteopathy and
transcranial magnetic stimulation.
Exercise. One RCT of pain in patients with SCI found a reduction in
the pain perception score in the treatment group compared with the
control group after 3 months (F (1, 27) = 4.99, P = 0.03).49 However,
the evidence quality of the study was downgraded because of the
following : an unclear protocol; lack of speciﬁcation of the type of
Spinal Cord

pain, blinding, conﬁdence intervals and power calculation; and
potential bias of control participants.
Spinal cord stimulation. A case series with a mixed pain population of
patients with SCI presented no statistically signiﬁcant data on pain
intensity reduction.50
Hypnotic suggestion. An RCT found a reduction in intensity of
SCI-related NP after treatment (Po0.01), but the evidence quality
was downgraded because of a lack of conﬁdence intervals.51
Massage. A prospective-controlled trial, which included a comparison between acupuncture and massage, found that massage did not
produce a signiﬁcant reduction compared with acupuncture in
SCI-related NP intensity.52 No evidence was found on efﬁcacy of
massage on its own.
Osteopathy. An RCT found a 16% reduction in the perception of
SCI-related NP during treatment but not at later time points.53 No
signiﬁcance was reported for this result, and the evidence quality of
this study was downgraded because of a lack of randomization process
description, blinding and conﬁdence intervals.
Transcranial magnetic stimulation. Three RCTs in SCI-related NP
compared the effect of transcranial magnetic stimulation with sham
therapy.54–56 Two of these trials found no signiﬁcant difference in
reduction in pain intensity.54,55 The evidence quality of the third trial,
which found a signiﬁcant improvement in pain intensity after
treatment, was downgraded because of wide conﬁdence intervals.56
2) Treatments with evidence of positive effect in populations other
than SCI
The SC evaluated several therapies with evidence of pain reduction in
non-SCI populations, including cannabinoids, duloxetine and
intrathecal clonidine.
Cannabinoids. With widespread media attention on cannabinoids as
a treatment for refractory chronic pain and more liberalized access to
these agents in Canada, patients frequently request them. Although
cannabinoids appear to be beneﬁcial in multiple sclerosis, evidence
in SCI is lacking. There is insufﬁcient evidence at this stage to
recommend the use of cannabinoids for the treatment of SCI-related
pain, but more information is urgently needed to guide their use in
patients with SCI.
One RCT that compared dronabinol and active control
(diphenhydramine) found no signiﬁcant difference in seven patients
with SCI-related NP, and the evidence quality of the study was
downgraded because of wide conﬁdence intervals.57
The most common adverse effects seen in the study were dry
mouth, constipation, fatigue and drowsiness.57 Oral dronabinol has
been studied in multiple sclerosis at a maximum dose of 10 mg daily.58
The panel strongly recommends additional research into the effects of
cannabinoids in patients with SCI-related NP, especially on long-term
efﬁcacy and adverse effects, as a top research priority.
Duloxetine. One RCT showed no signiﬁcant difference in reduction
in intensity of NP between duloxetine and placebo in patients with
SCI or stroke, although a trend was seen toward a decrease in the
mean pain score with duloxetine, demonstrating the potential for
beneﬁt.59 A good evidence base exists for the effectiveness of
duloxetine in treating peripheral NP in other populations.60 The
CPG for the prevention and management of diabetes recommends
duloxetine as an option for the treatment of NP in this population.61
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Doses of 60 and 120 mg appear to be effective in reducing the
intensity of peripheral NP. Typical side effects include nausea,
clinically insigniﬁcant increases in blood pressure and, rarely,
hepatotoxicity.27

administering the agents above the level of injury to ensure adequate
penetration of cervical cerebrospinal ﬂuid. The duration of response is
uncertain but is assumed to be o24 h, as patients were crossed over to
the next therapy the following day.

3) Treatments lacking evidence of long-term effect or follow-up
The SC evaluated several invasive therapies that lacked evidence of
long-term effect or follow-up, including intravenous lidocaine, intravenous alfentanil, intrathecal clonidine plus morphine, intravenous
morphine and intravenous ketamine. As studies of these treatments in
patients with SCI-related NP that are described below included no
long-term follow-up, their effectiveness beyond the time during
which they were administered is undeﬁned. Although the initial
proof-of-concept studies have been completed, follow-up studies are
recommended before these therapies are implemented in patients with
SCI-related NP. The exception to this is TENS, which also lacks
long-term follow-up, but its relatively innocuous side-effect proﬁle
resulted in TENS being recommended for fourth-line use.

Intravenous morphine. One small, double-blind, placebo-controlled,
cross-over study of intravenous morphine in patients with SCI- or
stroke-related NP found no signiﬁcant difference in spontaneous pain
between placebo and intravenous morphine but a 90-min postinjection reduction in allodynia with morphine.67 The evidence quality
of the study was downgraded because of the lack of power calculation.
All patients subsequently received oral sustained-release morphine, but
the titration schedule was not well deﬁned, and the study used
haloperidol, an uncommon treatment for opioid-induced nausea.
Overall, the results of this study were inconclusive for a beneﬁt of
intravenous morphine.

Intravenous lidocaine. Intravenous lidocaine has demonstrated
beneﬁt in three well-conducted RCTs of SCI-related NP.62–64 One
trial also included patients with stroke.63 Two of the studies found a
signiﬁcant reduction in pain intensity with intravenous lidocaine
compared with placebo,62,63 whereas the third found no signiﬁcant
difference.64 The evidence quality of one study was downgraded
because of a lack of power calculation and an unclear protocol,64 and
another was downgraded because of a lack of explanation of the
randomization process and large conﬁdence intervals.62 The studies
with a positive result used lidocaine 5 mg kg − 1 over 30 min,62,63
whereas the study with a negative result used lidocaine 2.5 mg kg − 1
over 40 min.64 Light-headedness was a common adverse effect.
As the duration of beneﬁt for intravenous lidocaine is very short,
this treatment modality should only be considered in speciﬁc
circumstances where a short duration of effect is desired.
Intravenous alfentanil. A single double-blind cross-over study of nine
patients with central dysesthetic pain after SCI evaluated alfentanil
and ketamine compared with placebo (normal saline).66 Alfentanil
signiﬁcantly reduced the intensity of continuous pain compared with
placebo (P = 0.01), allodynia compared with placebo and wind-up-like
pain compared with placebo. As the response of continuous pain to
therapy was only measured before and after the infusion, the duration
of response is uncertain. The intravenous mode of administration of
alfentanil makes this therapy a short-term management option with a
short duration of effect.
Intrathecal clonidine. One RCT that compared intrathecal clonidine
with placebo (saline) found no statistically signiﬁcant difference in
reduction of pain intensity in patients with SCI-related pain, and the
evidence quality of the study was downgraded because of a lack of
description of the randomization process or patient allocation.66
Intrathecal clonidine and morphine. One double-blind cross-over
study of 15 patients that compared intrathecal administration of
clonidine, morphine, clonidine plus morphine and saline (placebo)
found a signiﬁcant reduction in pain intensity only for the combination of intrathecal morphine and clonidine compared with placebo
(P = 0.0084).66 Two of 4 patients with at-level pain and 5 of 14
patients with below-level pain responded to the combination, but no
signiﬁcant difference was found between the groups. As a signiﬁcant
correlation was seen between pain relief and drug concentrations in
the cervical cerebrospinal ﬂuid, consideration should be given to

Intravenous ketamine. Two RCTs of intravenous ketamine in
SCI-related NP found a signiﬁcant reduction in pain intensity.64,65
The evidence quality of one study was downgraded because of the
absence of a power calculation and an unclear protocol.64 The second
study, a double-blind cross-over study of nine patients with central
dysesthetic pain after SCI, evaluated ketamine and alfentanil compared
with placebo (normal saline).65 Ketamine signiﬁcantly reduced the
intensity of continuous pain and allodynia compared with placebo. As
the treatment response was only measured before and after infusion,
the duration of response is uncertain.
Visual illusion. One RCT in patients with SCI-related NP found a
signiﬁcant reduction in overall pain intensity compared with a control
illusion on the last day of treatment, but this change did not persist
and was not evaluated at follow-up.33 An observational study that
found an insigniﬁcant reduction in pain intensity with the intervention
was downgraded because of a lack of information on sequence
generation, wide conﬁdence intervals and a very small sample size
(N = 5).68 Another observational study found a signiﬁcant increase in
pain intensity after treatment in comparison with a control illusion.69
4) Treatments with conﬂicting evidence for reduction in
neuropathic pain intensity
The SC evaluated one therapy, acupuncture, with conﬂicting evidence
of beneﬁt for reduction in the intensity of SCI-related NP. Metaanalysis was not possible because of the absence of comparable data
between studies.
Acupuncture. One study showed no signiﬁcant effect on chronic pain
intensity in patients with SCI-related pain or chronic musculoskeletal
pain; nonresponders were all from the central pain population.70 In
another study, 8 of 15 patients with SCI-related NP responded to
acupuncture.52 A retrospective observational case series of patients
with traumatic or nontraumatic SCI found a signiﬁcant improvement
in pain for bilateral, for bilateral, symmetric, burning or constant pain
compared with unilateral, asymmetric, atypical or intermittent pain.71
Studies of acupuncture suffer from a lack of standardization of process
or procedure delivery and practice principles, and evidence for
effectiveness is inconclusive. Additional studies are needed to clarify
the beneﬁt of using this modality.
DISCUSSION
Whereas the majority of CPGs on treatment of NP generally focus on
pharmacologic management, this guideline is the ﬁrst to include both
pharmacologic and nonpharmacologic treatments. The evaluation of
Spinal Cord
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Table 1 Comparison of Neuropathic Pain Guidelines
Treatment

Neuropathic Pain Guidelines and Algorithms
SCI speciﬁc
CanPainSCI

Central pain speciﬁc

Peripheral pain speciﬁc

Attal

Siddall

Dworkin

Attal

Dworkin

Finnerup

Moulin

(2009)72,a

(2006)7,b

(2013)9,c

(2010)10,d

(2010)73,e

(2005)74,f

(2014)13,g

Pregabalin
Gabapentin

1
1

1 or 2
1 or 2

1

1 (A)h
1 (A)h

1

1 or 2
1 or 2

1
1

Amitriptyline (TCA in other guidelines)
Tramadol (opioids in other guidelines)

1
2

1 or 2
3

2
2

1 (B)h
2 or 3 (B)h

1
1 or 2

1 or 2
2 or 3

1
2

Lamotrigine
tDCS

2
3

2 or 3

4

3

4

Visual illusion+tDCS
Oxycodone

3
4

TENS
DREZ procedure

4
4

1

1: diabetes

Levetiracetam
Mexiletene

AAU
AAU

Visual illusion
Exercise

RFR
RFR

Acupuncture
Cannabinoids/dronabinol

RFR
RFR

Duloxetine
Ketamine (IV)

RFR
RFR

Lidocaine (IV)
Spinal cord stimulation

RFR
RFR

Intrathecal clonidine

RFR

Intrathecal clonidine+morphine
Alfentanil (IV)

RFR
RFR

Morphine (IV)
Hypnotic suggestion

RFR
RFR

Osteopathy
Massage

RFR
RFR

Transcranial magnetic stimulation

RFR

4
IC

3
4

4: MS only

4i

3

4i

1j
3

IC

3

IC

3

3
3

Abbreviations: AAU, advise against use; DREZ, dorsal root entry zone; IC, inconclusive; IV, intravenous; MS, multiple sclerosis; RFR, requires further research; TCA, tricyclic antidepressant;
tDCS, transcranial direct current stimulation; TENS, transcutaneous electrical nerve stimulation.
aSOciété Française de MEdecine physique et de Réadaptation treatment algorithm only, based on a lack of double-blind studies in SCI pain, and it incorporates pain literature in other domains. The
treatment algorithm described ﬁrst- and second-line therapy. Other treatment options are assumed to be third-line therapy, unless otherwise stated. Refractory SCI pain is assumed to refer to fourthline therapy, unless otherwise stated in article.
bAlgorithm only.
cNeuropathic Pain Special Interest Group of the International Association for the Study of Pain interventional guidelines with explicit central neuropathic pain recommendations.
dEuropean Federation of Neurological Societies pharmacology guideline with explicit central neuropathic pain recommendations.
eNeuPSIG pharmacology guidelines with explicit recommendations for management of central neuropathic pain.
fAlgorithm only.
gOther fourth-line agents include selective serotonin reuptake inhibitors, topiramate, valproic acid and methadone.
hRecommendation level.
iNot for routine clinical use.
jSystemic lignocaine only in acute, inpatient setting, replaced by gabapentin in subacute or chronic setting.
A comparison of the recommendations for treatment of neuropathic pain within different algorithms and guidelines. The recommendations are grouped into SCI speciﬁc, central pain speciﬁc, and
peripheral pain speciﬁc categories. In the guidelines and algorithms that were examined, any recommendations that dealt speciﬁcally with SCI, central or peripheral etiologies were categorized as
such. For most ﬁrst and second line treatments, there is agreement across the various guidelines and algorithms.

both pharmacologic and nonpharmacologic therapies was undertaken
to assess all available treatment options for this difﬁcult-to-manage
condition. When possible, we advocate the use of combination
therapy, whether a combination of medications or pharmacologic
and nonpharmacologic strategies.
An important beneﬁt of this guideline is that it provides a sequential
approach to the management of NP that is speciﬁc to the SCI
population, with recommendations that are based solely on evidence
within the SCI literature. Previous CPGs on NP management have
generally evaluated management of SCI-related NP within the
umbrella of central NP of any pathology, with rare exceptions for
certain treatments in speciﬁc conditions, such as cannabinoids for
Spinal Cord

multiple sclerosis. In general, recommendations for central NP refer to
peripheral NP guidelines, an approach that assumes that the pathology
of SCI-related NP is similar to other central pain conditions and that
central NP conditions are similar to peripheral NP conditions. This
CPG is unique in that the SCI literature was the sole reference for
recommendation development. Although this inherently limited the
available evidence, assessing the literature speciﬁc to the SCI
population was felt to be critical, not only to evaluate the effects of
different treatments on reduction in SCI-related NP but also to
consider unique issues within the SCI population that may not apply
to other pain populations. An example of this is the anticholinergic
effect of tricyclic antidepressants on bladder and bowel function,
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which is vitally important to the quality of life of a patient with SCI.
Despite the reliance on the SCI literature for this CPG, however, the
line of treatment recommended for pharmacological agents is similar
to other NP guidelines and algorithms (Table 1).
In terms of implementation, this CPG may be used to guide and
provide context for future work related to NP after SCI. The ranked
nature of these recommendations could be used to inform the
development of clinical algorithms. In addition, the CPG can provide
direction for further exploration of treatments that have an emerging
evidence base but limited use in clinical practice. tDCS and visual
illusion are examples of this, and further conﬁrmation of the beneﬁt of
these modalities for management of SCI-related NP should be
pursued. Clinical experience with these modalities, particularly tDCS,
is generally limited and may be reﬂected in the strength of
recommendations presented in this guideline.
It is crucially important to recognize the limited evidence on which
these recommendations as a whole are based. Limitations in the
evaluated evidence include the use of mixed patient populations and
SCI pain types, a lack of RCTs, small sample sizes and potential lack of
power. Modiﬁed GRADE criteria were therefore used when evaluating
studies. This approach, although it reduced the ability of our
methodology to evaluate study bias, is permissible in guideline
development, particularly where a majority of studies have a similar
limitation such as small study populations. This modiﬁcation was
made to allow interpretation of the available evidence within management of SCI-related NP. As a result, it was possible to generate
recommendations for clinicians that were developed with an emphasis
on maximizing potential beneﬁt and minimizing potential harm to
their patients. Clinicians and others using this guideline should be
aware of its inherent limitations, however.
The lack of evidence for beneﬁt of many therapies signiﬁcantly
hampers clinicians’ ability to deliver optimal care to all patients.
Research is therefore urgently needed on all the therapies in this
guideline to better guide appropriate clinical use. The CanPainSCI WG
recommends additional research into gabapentin, amitriptyline,
opioids, cannabinoids, selective serotonin and norepinephrine
reuptake inhibitors, and topical agents for at-level discrete pain as
top research priorities.
In addition, the lack of subgroup analysis in most studies hampers
determination of beneﬁt for speciﬁc patient types. Subgroup features
that may have relevance for treatment response include pain subtype,
level or severity of SCI, duration of pain or SCI and the presence of
depressive symptoms. It is important for future studies to include
appropriate subgroup analyses. The planning process for future
research should ensure that outcomes can be compared and the data
pooled to facilitate analysis of the evidence. The use of a basic set of
standard outcome measures, speciﬁcally the ISCIPBDS, may help with
this consideration.
Implementation of the ambitious research program recommended
here requires administrative and policy changes, allocation of substantial resources and strong advocacy efforts with government and
funding agencies by the SCI community. Procurement of research
funding is a critically important issue for evaluation of treatments for
SCI-related NP, and pharmaceutical company funding is a doubleedged sword, as the funding source could potentially bias the evidence.
For example, pharmaceutical funding resulted in two large RCTs for
pregabalin,17,18 which generated the evidence for use on which
pregabalin has been recommended as the ﬁrst choice of ﬁrst-line
agents. Furthermore, it is a concern that although additional research
into the beneﬁts of amitriptyline is needed, it is now available in
generic form, and research funding may be difﬁcult to obtain.

Research funding concerns extend to other generic drugs and
nonpharmacologic therapies, all of which require additional research
to provide adequate evidence for use.
CONCLUSION
The objective of developing these guidelines was to create an evidencebased approach for treatment of SCI-related NP that could act as a
resource to guide care delivery in the rehabilitation setting. These
guidelines provide a sequential and a ranked approach to the
management of SCI-related NP based solely on the SCI literature.
The greatest limitation of these guidelines is the lack of evidence for
most treatments. However, the guideline development process has
identiﬁed an important opportunity to address the limitations of the
evidence in the SCI population. As a result, this guideline includes
numerous research recommendations. The WG will update these
guidelines as additional evidence becomes available.
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