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ABSTRACT

Introduction: This study was performed to
explore the efficacy and safety of pregabalin and
gabapentin in patients with spinal cord injury
(SCI)-induced neuropathic pain to determine
which treatment is most suitable for such
patients.
Methods: We searched the PubMed, MEDLINE,
Embase, and Cochrane Library databases from
database inception to August 31, 2020. The
quality of the included studies was assessed. We
selected the average pain intensity after treat-
ment and the proportion of patients who dis-
continued treatment because of adverse effects
as the outcome indicators for efficacy and
safety, respectively. Statistical analyses were

performed using Stata, v16.0, and RevMan,
v5.3, software.
Results: We included eight randomized con-
trolled trials that examined four interventions
(pregabalin, gabapentin, carbamazepine, and
amitriptyline). Based on the average pain
intensity after treatment, the efficacy order
from highest to lowest was pregabalin, gaba-
pentin, amitriptyline, carbamazepine, and pla-
cebo. Based on the proportion of patients who
discontinued treatment because of adverse
effects, the order from highest to lowest was
pregabalin, amitriptyline, carbamazepine,
gabapentin, and placebo. In addition, five
studies reported the overall incidence of treat-
ment-related adverse effects for two interven-
tions (pregabalin and gabapentin). According to
the pooled analysis of these studies, the order
for the overall incidence of treatment-related
adverse effects from highest to lowest was pre-
gabalin, gabapentin, and placebo.
Conclusions: This study revealed that for
patients with SCI-related neuropathic pain,
pregabalin was the most effective for relieving
pain, whereas gabapentin performed better in
aspects associated with drug therapy-related
safety.
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INTRODUCTION

Pain is a common complication after spinal
cord injury (SCI). Approximately 70% of
patients with SCI are estimated to experience
persistent pain, which can be nociceptive,
neuropathic, or both [1, 2]. Neuropathic pain
remains one of the most complex and chal-
lenging pain syndromes to diagnose and treat
[3]. Neuropathic pain not only causes signifi-
cant impacts on physical and emotional func-
tions and quality of life but also weakens or
slows the effectiveness of rehabilitation treat-
ments in SCI patients [4, 5].

Currently, drugs remain the primary treat-
ment strategy for patients with SCI-related
neuropathic pain. However, the mechanism
underlying this type of pain is not yet fully
understood, and no effective theoretical bases
have been developed to explain existing data
regarding the effects of drug treatments on
specific pain characteristics. Often patients are
not satisfied with the level of pain control
achieved by drug treatments, requiring the fur-
ther exploration of effective treatment options
for pain relief [6–8].

Anticonvulsants, antidepressants, and
antiepileptics are the most commonly used
drugs to treat SCI-related neuropathic pain, and
existing neuropathic pain guidelines recom-
mend these three categories as first-line treat-
ments [9–12]. Among these drugs, gabapentin
and pregabalin are the most promising [13, 14],
which have been shown to be effective for the
treatment of neuropathic pain caused by post-
herpetic neuralgia and diabetic peripheral neu-
ropathy [15, 16]. In recent years, continuous
research and exploration have confirmed that
compared with placebo, gabapentin and prega-
balin are effective and safe for the treatment of
SCI-related neuropathic pain [17–19]. However,
which of these two drugs is safer and more
effective for pain management and the treat-
ment of neuropathic pain remains unclear. Two
randomized crossover trials [20, 21] were con-
ducted in 2014 to explore the effectiveness and
safety of gabapentin and pregabalin in patients
with SCI-related neuropathic pain, which
revealed that both drugs were effective and safe

for the treatment of pain in such patients, with
no significant differences reported between
these two drugs. Subsequently, a traditional,
head-to-head, meta-analysis and systematic
review comparing these two drugs reported the
same results and proposed the use of a network
meta-analysis as a future research approach [22].

We applied the principle of indirect com-
parison using a network meta-analysis to pool
and analyze all direct and indirect comparative
treatments using gabapentin and pregabalin in
patients with SCI-related neuropathic pain. The
aim of this study was to compare the efficacy
and safety of pregabalin and gabapentin in
patients with SCI-associated neuropathic pain
to determine which of these two treatment
options is the most suitable.

METHODS

Inclusion and Exclusion Criteria

All included studies met the following criteria:
examined patients with SCI-related neuropathic
pain, patients were aged C 18 years, pain
scores C 3 by using the numerical rating scale
(NRS) or visual analog scale (VAS), and the
interventions used gabapentin and pregabalin.
After a preliminary search of the primary data-
bases, we identified an insufficient number of
high-quality, large-scale, randomized controlled
trials. Therefore, both randomized controlled
trials and observational studies were included in
this study. The included studies aimed to
explore the pain relief and safety outcomes of
the interventions using gabapentin and prega-
balin. Only those studies that included a sample
size of participants C 10 were included in the
present analysis.

The exclusion criteria were as follows: studies
that included patients with neuropathic pain
caused by reasons other than SCI (such as
stroke); studies that included patients with a
history of severe allergy, severe complications
(e.g., heart, liver, and kidney disease), or preg-
nant or lactating women; studies that did not
include a control group; and case reports.
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Outcome Measures

The primary outcome measure was the evalua-
tion of average pain intensity after treatment, as
assessed using the VAS, or the pain intensity
relief rate after treatment. The secondary out-
come measure was the incidence of moderate to
severe adverse effects after treatment or the
proportion of patients who discontinued treat-
ment because of adverse effects.

Search Strategy

The following keywords and full-text and med-
ical subject heading terms were used to search
PubMed, Cochrane Library, Embase, and MED-
LINE databases for studies published on or
before August 31, 2020: ‘‘spinal cord injury,’’
‘‘anticonvulsant,’’ ‘‘gabapentin,’’ and ‘‘prega-
balin.’’ We searched the references of all iden-
tified studies, magazines, journals, and meeting
abstracts, and we searched the World Health
Organization International Clinical Trials Reg-
istry Platform to identify any ongoing or com-
pleted trials that had not yet been published.
Finally, we searched for any trials that have
been included in relevant systematic reviews or
meta-analyses published in the past 2–3 years.

Quality Assessment

Inclusion and exclusion criteria were applied to
all identified studies by two systematic review-
ers, who independently screened the retrieved
literature results and read the full articles. The
reviewers used the Cochrane Quality Evaluation
Method to assess all identified randomized
controlled trials for inclusion. Non-randomized
controlled trials were evaluated using the New-
castle-Ottawa scale. Differences in the opinion
regarding the inclusion or exclusion of any
study were discussed by the two reviewers, and a
third reviewer was consulted if consensus could
not be achieved.

Data Extraction

The following data were extracted from all
included studies: author, year of publication,
country, study type, ages of patients, interven-
tion types, numbers of intervention groups,
detailed information regarding the drug treat-
ment, and the average pain intensity or the pain
intensity relief rate after the end of treatment.
Continuous variables were obtained as the
mean and mean difference (MD), whereas risk
ratios (RRs) were obtained for dichotomous
variables. In cases of missing data, we contacted
the original authors wherever possible.

Statistical Analysis

The v2 and I2 statistics were used to analyze the
heterogeneity of the data collected in our study.
All results with values of P[0.1 and I2\ 20%
were considered to have no heterogeneity, and
a fixed-effects model was applied; otherwise, a
random-effects model was applied. Consistency
checks were performed using RevMan software,
version 5.3 (The Cochrane Collaboration,
Copenhagen, Denmark), and Stata, version 16.0
(StataCorp, College Station, TX, USA).

Compliance with Ethics Guidelines

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

RESULTS

Literature Search Process and Results

In total, 2919 articles were retrieved from all
databases. First, 2251 duplicate articles were
removed. Next, 584 articles were removed after
the initial screening of the titles and abstracts,
which were evaluated according to the inclu-
sion and exclusion criteria. An additional 76
articles were excluded after reading the full
texts. Finally, eight randomized controlled trials
were included in the network meta-analysis.
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The screening process is shown in Fig. 1. Among
the included studies, three articles were ran-
domized, double-blind, crossover trials
[13, 19, 21], three articles were randomized,
double-blind, parallel trials [18, 23, 24], one
article was a randomized, single-blind, crossover
trial [20], and one article was a randomized,
double-blind, triple-crossover trial [17]. The
study type, intervention protocols, detailed
information for each intervention, and the
number of intervention groups included in each
study are shown in Table 1. The total sample
size was 628 individuals and included four
interventions: gabapentin, pregabalin,
amitriptyline, and carbamazepine.

Quality Assessment

A Cochrane bias risk assessment was performed
to evaluate the quality of the eight randomized
controlled trials with respect to randomization
(allocation concealment), blinding, selective
bias, incomplete data, and other biases. For
example, if randomization was performed using
an appropriate method, the study was classified

as having a low risk of bias, whereas if no ran-
domization was performed, the study was clas-
sified as having a high risk of bias; if insufficient
information regarding the implementation of
randomization was provided, the study could
not be classified as having either a high or low
risk of bias, and these studies were defined as
having unclear risk. All other bias-related vari-
ables were assessed according to this standard
(Fig. 2).

Heterogeneity

We evaluated the average pain intensity after
various interventions, as assessed using the VAS
(Supplementary Fig. 1a), and identified signifi-
cant heterogeneity between subgroups
(P\0.1). A random-effect model revealed that
compared with pregabalin and placebo, gaba-
pentin treatment was not associated with any
significant decrease in average pain intensity
after treatment (all P[ 0.05). Compared with
carbamazepine and placebo, pregabalin signifi-
cantly reduced the average pain intensity after
treatment (all P\ 0.05). Amitriptyline was
superior to gabapentin in terms of average pain
intensity after treatment, and the difference is
statistically significant (P = 0.02).

A subgroup analysis was performed to eval-
uate the incidence of treatment discontinuation
due to adverse effects after treatment (Supple-
mentary Fig. 1b), and no heterogeneity was
detected (P[0.1). A fixed-effect model revealed
that compared with pregabalin and placebo,
gabapentin did not significantly increase the
proportion of patients who discontinued treat-
ment because of adverse effects (all P[0.05).
Compared with carbamazepine and placebo,
pregabalin did not significantly increase the
proportion of patients who discontinued treat-
ment because of adverse effects (all P[0.05).
Compared with amitriptyline, pregabalin did
not significantly increase the proportion of
patients who discontinued treatment because of
adverse effects (P = 0.61).

Fig. 1 Flow chart of the study selection process
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Network Meta-analysis

Network Chart of Different Interventions
In Fig. 3, a direct network connection between
any two intervention groups indicates a direct
comparison, whereas no connection indicates a
lack of direct comparison. The sizes of the dots
in the figure represent the sample sizes. The
thickness of each line represents the number of
studies. This study included four intervention
types: pregabalin, gabapentin, carbamazepine,
and amitriptyline.

Analysis of Inconsistency
Both direct and indirect comparative interven-
tions were included in this study. A consistency
analysis was performed before merging the
interventions, which revealed no significant
differences (all P[0.05), which indicated that
the network model had no inconsistencies
(Supplementary Fig. 2).

Network Meta-analysis Ranking
To examine the average pain intensity after
treatment, we conducted a network meta-anal-
ysis of the four different interventions that were
included in the analysis (Fig. 4a), which
revealed that in patients with SCI-related neu-
ropathic pain, the average reported pain inten-
sities after treatment with pregabalin,
gabapentin, carbamazepine, and amitriptyline
were lower than that reported for placebo, and
the order of pain relief efficacy from best to
worst was pregabalin, gabapentin, amitripty-
line, carbamazepine, and placebo.

To examine the incidence of treatment dis-
continuation due to adverse effects after treat-
ment, we conducted a network meta-analysis of
the four different interventions (Fig. 4b). The
treatments of SCI-related neuropathic pain with
pregabalin, gabapentin, amitriptyline, and car-
bamazepine were all associated with some pro-
portion of patients who discontinued treatment
because of drug-related adverse effects, and the
proportion order, from highest to lowest, was
pregabalin, carbamazepine, amitriptyline,
gabapentin, and placebo.

In addition, five studies reported the overall
incidence of treatment-related adverse effectsT
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for the two treatment options of interest (pre-
gabalin and gabapentin). We performed a
pooled analysis of these study results (Supple-
mentary Fig. 3), which revealed that compared
with placebo, pregabalin and gabapentin were
both associated with an overall incidence of
adverse effects, and the order of adverse inci-
dents from highest to lowest was pregabalin,
gabapentin, and placebo.

Occurrence of Adverse Effects

We conducted subgroup analyses based on
common adverse effects associated with the
various interventions. In the groups treated
with pregabalin and placebo, the common
adverse effects included dry mouth, somno-
lence, dizziness, edema, and peripheral edema.
Compared with placebo, pregabalin signifi-
cantly increased the incidences of these adverse
effects (Table 2, all P\0.05). In the groups
treated with gabapentin and placebo, the com-
mon adverse effects included nausea, dizziness,

vomiting, edema, and itching. Compared with
placebo, gabapentin did not significantly
increase the incidences of these adverse effects
(Table 3, all P[ 0.05). In the groups treated
with pregabalin and gabapentin, the common
adverse effects included sedation, dizziness,
somnolence, and edema, and no significant
differences were observed in the incidences of
these adverse effects between the two inter-
ventions (Table 4).

DISCUSSION

Both gabapentin and pregabalin are derivatives
of the inhibitory neurotransmitter c-aminobu-
tyric acid (GABA) [25, 26]. These drugs bind
with presynaptic voltage-gated calcium chan-
nels in the posterior horn to reduce the release
of excitatory neurotransmitters, such as gluta-
mate and substance P [27, 28]. Current clinical
practice guidelines recommend these drugs as
first-line treatment options for patients with

Fig. 2 Quality assessment of the identified randomized controlled trials

Fig. 3 a Network chart based on the average pain intensity after treatment. b Network chart based on the proportion of
patients who discontinued treatment because of adverse treatment effects. *PGB pregabalin, GBP gabapentin

1504 Pain Ther (2021) 10:1497–1509



SCI-related neuropathic pain. However, which
of these two interventions is safer and more
effective for such patients remains unclear.

To clarify this issue, we applied the principle
of indirect comparison using a network meta-
analysis to conduct a comprehensive screening
of the existing clinical trials that have examined
the use of gabapentin and pregabalin for the
treatment of SCI-related neuropathic pain. After
study retrieval, eight randomized controlled
trials were included in the network meta-anal-
ysis. The total sample size was 628 and included
four interventions. The analysis revealed that in
patients with SCI-related neuropathic pain, the
average pain intensity after treatment with
pregabalin, gabapentin, carbamazepine, or
amitriptyline was lower than that following
placebo, which demonstrated that compared
with placebo, all four interventions were able to
effectively alleviate neuropathic pain. The order
of pain relief efficacy, from best to the worst,
was pregabalin, gabapentin, amitriptyline, car-
bamazepine, and placebo.

However, based on the analysis of patients
who discontinued treatment because of drug-
related adverse effects, all four interventions
were associated with an increase in the propor-
tion of patients who discontinued treatment
because of drug-related adverse effects. The
order, from the highest to the lowest proportion
of treatment discontinuation, was pregabalin,
carbamazepine, amitriptyline, gabapentin, and
placebo. In addition, five studies reported the
overall incidence of treatment-related adverse
effects, and the pooled analysis revealed that
compared with placebo, both pregabalin and
gabapentin increased the overall incidence of
adverse effects, and the order from the highest
to the lowest incidence of adverse effects was
pregabalin, gabapentin, and placebo.

A subgroup analysis was performed to
explore the common adverse effects associated
with each intervention, and the common
adverse effects caused by pregabalin treatment
were dry mouth, somnolence, dizziness, edema,
and peripheral edema. Compared with placebo,
pregabalin treatment significantly increased the
incidences of these adverse effects. Between
gabapentin and placebo, the common adverse
effects included nausea, dizziness, vomiting,Fi
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edema, and itching. Compared with placebo,
gabapentin did not significantly increase the
incidences of these adverse effects. However,
compared with the gabapentin, pregabalin had
a tendency to increase the rates of adverse
effects, such as dizziness, somnolence, and
edema, but the differences were not significant,
which is similar to the findings reported in
previous studies [13, 17, 19, 20, 23]. Moreover, a

review [29] showed that gabapentin has risks of
abuse and misuse, but previous studies did not
consider this potential, and this article also did
not consider these. Therefore, we recommend
that further studies are necessary to identify risk
factors for gabapentin misuse and abuse.

The results of this analysis suggested that
although pregabalin was the most effective for
the relief of neuropathic pain among SCI

Table 4 Subgroup analysis of the adverse events between gabapentin and pregabalin groups

Events Incidence (number/total) Heterogeneity Effect model Meta-analysis

Gabapentin Pregabalin I2 (%) P Relative risk (95% CI) P

Sedation 7/24 12/25 – – Fixed 0.61 [0.29,1.28] 0.19

Dizziness 0/24 1/25 – – Fixed 0.35 [0.01,8.12] 0.51

Somnolence 6/24 11/25 – – Fixed 0.57 [0.25,1.29] 0.18

Edema 1/24 1/25 – – Fixed 1.04 [0.07,15.73] 0.98

Table 2 Subgroup analysis of the adverse events between pregabalin and placebo groups

Events Incidence (number/total) Heterogeneity Effect model Meta-analysis

Pregabalin Placebo I2 (%) P Relative risk (95% CI) P

Somnolence 75/202 29/194 78 0.01 Random 2.23 [0.97, 5.14] \ 0.05

Dizziness 44/202 18/194 32 0.23 Fixed 2.36 [1.42, 3.92] \ 0.05

Dry mouth 20/182 5/174 0 0.54 Fixed 3.82 [1.47, 9.96] \ 0.05

Edema 20/182 5/174 0 0.65 Fixed 3.83 [1.49, 9.85] \ 0.05

Peripheral edema 17/132 4/127 0 0.98 Fixed 4.11 [1.42, 11.85] \ 0.05

Table 3 Subgroup analysis of the adverse events between gabapentin and placebo groups

Events Incidence (number/total) Heterogeneity Effect model Meta-analysis

Gabapentin Placebo I2 (%) P Relative risk (95% CI) P

Nausea 13/221 7/225 22 0.26 Fixed 1.83 [0.76, 4.39] 0.17

Dizziness 26/221 16/225 0 0.57 Fixed 1.65 [0.91, 3.00] 0.10

Vomiting 3/221 2/225 21 0.26 Fixed 1.42 [0.28, 7.06] 0.67

Edema 14/221 11/225 38 0.20 Fixed 1.28 [0.60, 2.73] 0.52

Itching 9/221 14/225 53 0.15 Fixed 0.67 [0.30, 1.48] 0.32
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patients, the increased incidence of adverse
effects associated with pregabalin may reduce
patient compliance, reducing the effectiveness
of treatment. Although the effectiveness of
gabapentin for the relief of SCI-related neuro-
pathic pain was slightly reduced compared with
that for pregabalin, the adverse effects associ-
ated with gabapentin were significantly reduced
compared with those associated with prega-
balin. Therefore, considering both aspects of
their efficacy and safety, it is still unclear which
treatment is most suitable for such patients, and
there is a need for comprehensive analyses
considering the efficacy and safety of the two
interventions. In addition, carbamazepine and
amitriptyline were involved in one article
respectively in this article. Considering the
number of patients was relatively small and
both were not our main research aim, we did
not carry out further analysis on their efficacy
and safety.

Our research also has some limitations. First,
the sample sizes of most of the included ran-
domized controlled trials in this study were
small, and some studies did not provide suffi-
cient information to determine whether their
blinding protocols were performed correctly or
whether selective reporting occurred, which
may reduce the reliability of the evidence to
some extent. Second, the facts of fake studies
and the only partial publication of data are not
discussed in this article, which may lead to
publication bias. Third, the cutoff times for the
evaluation of efficacy and adverse events for
each intervention differed across studies. For
standardization, we only selected a 2-week
treatment period as the cutoff time. Whether
extending the treatment time might be more
effective for relieving pain remains unclear.
Therefore, studies that improve upon these
limitations are necessary, and further explo-
rations should be performed to obtain more
accurate and convincing conclusions that can
be used to guide clinical treatment.

CONCLUSION

This study revealed that in patients with SCI-
related neuropathic pain, pregabalin was the

most effective treatment for relieving pain, but
gabapentin had better drug therapy-related
safety characteristics.
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