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Abstract

Gabapentin is an effective agent in reducing postoperative pain and opioid consumption. However, it is unclear when the optimum time of administration is, with
in vitro experiments showing a possible pre-emptive effect. Therefore, the aim of this review to evaluate whether gabapentin has a clinically significant pre-emptive
analgesic effect in patients undergoing surgery.

We undertook a systematic search of MEDLINE, EMBASE, Cinahl and AMED databases including randomised controlled trials that evaluated preemptive
gabapentin versus postincision gabapentin. We included 4 studies with 333 participants. There was no benefit with preemptive administration of gabapentin for
24-hour morphine consumption (MD -0.11mg; -1.59 mg to 1.36 mg; p=0.88) or postoperative pain scores. In addition, there was no difference in the incidence of
postoperative opioid and gabapentin side effects. However, current studies may be underpowered for these outcomes.

In conclusion, from the limited data thus far, there appears to be no preemptive analgesic effect with gabapentin and timing of administration should focus on other

clinical factors rather than on the basis of any increased clinical efficacy.

Introduction

Postoperative pain is a common consequence of surgery, with an
incidence of around 80% [1]. Despite advances in pain management,
over a third of these patients suffer severe or extreme pain. Moreover,
pain is one of the main concerns of patients undergoing surgical
procedures [1]. Although opioid-based analgesia remains the gold
standard and most prevalent analgesic used postoperatively [2], it is
associated with significant side effects and associated with additional
patient concerns [1]. Therefore, alternative pain management strategies
have been proposed to treat postoperative pain [3].

Preemptive analgesia involves administration of analgesia prior
to surgical incision and has been proposed as an additional strategy
to improve postoperative pain [4]. Such timing of administration has
the potential to reduce central sensitisation [5] resulting from surgical
incision and lead to improved postoperative pain control. Previous
meta-analyses have demonstrating conflicting results as to the clinical
efficacy of preemptive analgesia [6,7]. However, the results of these
reviews are nearly a decade old and new evidence is emerging on the
potential of other analgesic agents capable of inducing a preemptive
analgesic effect in clinical trials [8].

Gabapentin is an anticonvulsant, which has proven efficacy in
neuropathic pain [9]. It exerts its analgesic properties by binding to the
a2d subunit of calcium channels [10], which reduces neurotransmitter
release in nerve fibres. A recent meta-analysis [11] has demonstrated
that gabapentin reduces postoperative pain and opioid consumption
with additional reductions in postoperative nausea, vomiting and
pruritus. However, it is not clear whether preemptive administration
of gabapentin is superior to postincision administration.
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Therefore, the aim of this systematic review and meta-analysis was
to summarise the evidence regarding preemptive administration of
gabapentin versus postincision administration for postoperative pain
in adult patients undergoing surgery.

Methods

This review was produced in accordance with the PRISMA checklist
[12]. The review was not registered prior to the literature search. The
study search was undertaken in December 2014 by one of the review
authors (BD). We searched MEDLINE, EMBASE, CENTRAL, Cinahl
and AMED. Search terms included ‘gabapentin’ OR ‘neurontin’ and
‘surgery’. The medical subject heading (MeSH) term ‘SURGICAL
PROCEDURES, OPERATIVE’ was exploded and combined with
the terms above. In addition, we searched for unpublished trials
on clinicaltrials.gov and the ISRCTN registry. Reference lists were
searched and Google Scholar used to identify further studies that had
cited those included. We contacted authors if further information was
required that was not included in the original publication.

The inclusion criteria for the review included randomised
controlled trials in any form of surgery. We considered populations of
adults only (>18 years old). The preemptive group included participants
who were administered gabapentin prior to surgical incision. The
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comparator included a group who were administered gabapentin
after surgical incision. There was no language or publication status
restrictions on the studies considered. Two of the study authors (BD
and JW) independently evaluated studies against the inclusion criteria
and agreement reached by consensus.

Primary outcomes included 24-hour morphine consumption
and pain scores at 1, 2, 6, 12 and 24 hours. We regarded reductions
in morphine consumption of 10mg and pain scores of 1.5 as clinically
significant [13]. Secondary outcomes included opioid and gabapentin
side effects as reported by the authors. We converted fentanyl to
morphine equivalents using the following ratio: 1:100 [14]. Where
pain scores were reported over defined time periods, we included
data at the latest time point within the range. Data were extracted
onto an electronic database including study name, year, number of
participants, percentage female, type of surgery, mean age, country,
type of anaesthesia and pain scale used. Internal validity of the included
studies was assessed using the Cochrane risk of bias tool [15].

Pain scores and 24-hour morphine consumption are reported as
mean differences (MD) using inverse variance. Side effects are reported
as Mantel-Haenszel risk ratios (RR). All effect estimates are reported
with a 95% confidence intervals (CI) and p value. If results were not
reported in the text, we attempted to contact authors. If we received
no reply, we extracted data from graphs if necessary. If subgroups
were reported, we combined these into one group for the purposes of
analysis. If standard deviations were not reported, these we estimated
from other studies in the analysis [16].

We used a random effects model due to the significant clinical
heterogeneity in the studies. We assessed heterogeneity using the I
statistic and Cochran’s Q test. We planned to undertake assessment of
publication bias using Funnel plots and Egger’s linear regression test.
However, the small number of studies precluded this [17]. Similarly, the
small number of studies precluded investigation of heterogeneity using
meta-regression [18]. We undertook sensitivity analysis removing
any studies that received high risk of bias on the risk of bias tool. All
analyses were undertaken using Review Manager 5.3 [19].

Results

Following initial searches, 145 studies were identified and
underwent full text review (Figure 1). Four studies were identified as
matching the inclusion criteria and were included in the final analysis
with a total number of participants of 333 [20-23]. Only one study
was felt to be at high risk of bias in one domain (Figure 2). All studies
were conducted in different types of surgery. The data from two studies
[20,22] were not included in the pain score data until after 2 hours,
which is when the postincision gabapentin dose was administered.

In terms of primary outcomes, there was no reduction in 24-
hour morphine consumption with preemptive gabapentin versus
postincision gabapentin in all 4 studies (Figure 3). There was no
evidence of statistical heterogeneity (I>=0%; p=0.73). Similarly, there
were no reductions in pain scores at any time point postoperatively.
One study [23] reported pain scores at 1 hour and these were similar
between groups (MD -0.50; 95% CI-1.42 to 0.42; p=0.29). No study
reported pain scores at 2 hours. At 6 hours, 2 studies reported this
outcome [22,23] with no difference between groups (MD 0.20; 95% CI
-0.20 to 0.59; p=0.33). There were also no differences at 12 and 24 hours
in 4 studies [20-23] (Figure 4 and 5 respectively).

In terms of opioid side effects, there was no difference between
groups in 3 studies [20,21,23] in the incidence of nausea (RR 1.08; 95%
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Figure 1. PRISMA flowchart.
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Figure 2. Cochrane risk of bias tool for included studies. Green indicates low risk, yellow
indicates unclear risk and red indicates high risk.
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Figure 3. Forest plot of 24-hour morphine consumption.
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Figure 4. Forest plot of pain scores at 12 hours.
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Figure 5. Forest plot of pain scores at 24 hours.
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Figure 6. Forest plot

CI0.64 to 1.84; p=0.77). Four studies reported postoperative vomiting,
with no difference between groups (Figure 6). Two studies [20,23]
reported postoperative pruritus with no difference between groups (RR
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Favours preemptive Favours postincision
of postoperative vomiting.

0.66; 95% CI 0.30 to 1.47; p=0.31). There was no evidence of statistical
heterogeneity in any of these outcomes (I*=0%; p>0.05).

There were no differences found in the incidence of gabapentin side
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Table 1. Characteristics of included studies. Sex reported as percentage female.

Study Mean age Sex N Intervention and Comparator Country | Type of anaesthesia Type of surgery Pain Score

Clarke et al 2009 [20] 60.2 39% 114 600mg 2hrs before versus Canada Spinal anaesthesia Total hip arthroplasty Visual analogue
600mg 2hrs after surgery scale (10)

Khan et al 2011 [21] 41.8 35% 175 600mg, 900mg or 1200mg Iran General anaesthesia Single level lumbar Visual analogue
2hrs before versus immediately laminectomy scale (10)
post-incision via NG tube

Metry et al 2008 [22] 57.8 100% 101 1200mg 2 hours before versus | Egypt General anaesthesia Mastectomy Visual analogue
1200mg 2 hrs after surgery scale (10)

Pandey et al 2005 [23] 43.6 68% 60 600mg 2hrs before versus India General anaesthesia Open donor nephrectomy | Visual analogue
600mg post-incision scale (10)

effects between the preemptive and postincision groups. Three studies
[20,21,23] reported postoperative dizziness with no difference between
groups (RR 0.79; 95% CI 0.39 to 1.57; p=0.49). The same three studies
also found no difference in the incidence of postoperative sedation (RR
0.70; 95% CI 0.35 to 1.38; p=0.30). Both outcomes revealed no evidence
of statistical heterogeneity (I*=0%; p>0.05).

One study [20] reported chronic pain at 6 months following total hip
arthroplasty. They found no differences between the groups in chronic
pain (p>0.05). Another study [23] reported a range of other adverse
events. There were no statistical differences between the preemptive
and postincision groups in any outcomes including fatigue, feeling on a
high, lack of concentration and headache. However, incidence of these
events was low.

Discussion

This systematic review and meta-analysis has demonstrated that
preemptive gabapentin confers no additional benefits in postoperative
pain or side effects when compared to the same dose given postincision.
Indeed, there were no clinically or statistically significant differences in
pain scores, 24-hour morphine consumption or opioid and gabapentin
side effects. Although there was a trend towards lower incidences of
sedation, pruritus and dizziness and higher incidence of vomiting these
differences were not significant.

A recent meta-analysis has demonstrated gabapentin reduces
postoperative pain, morphine consumption and opioid side effects
when compared to placebo [11]. However, dosing regimens and timing
of gabapentin administration were highly heterogeneous, with doses
given both pre and postoperatively. Previous research has highlighted
potential preemptive analgesic effects with NSAIDS, epidural
anaesthesia, local anaesthetic wound infiltration and paracetamol
[7,8]. However, the results of this review suggest no preemptive effect
with gabapentin, with similar postoperative pain scores and 24-hour
morphine consumption.

Despite this, the incidence of postoperative side effects may
currently be underpowered to establish any firm conclusions of lack
of efficacy. The incidence of side effects in the included studies was low
(<20%). In order to demonstrate a difference in side effects from 20%
to 10%, a sample size of 400 patients would be required with an a=0.05
and a 1-B=0.8. Larger sample sizes would be needed with the lower
incidences observed in some adverse events. Therefore, conclusions
from this review on the incidence of side effects are currently limited
by a lack of power.

The results of this review contradict those obtained from in vitro
experiments with gabapentinoids. Using a rat postoperative pain
model, pregabalin (that also binds to the same site as gabapentin)
administered before incision resulted in a longer duration of anti-

Glob Anesth Perioper Med, 2016 doi: 10.15761/GAPM.1000150

hyperalgesia compared to postincision administration [24]. In another
study, administration of intra-thecal gabapentin was more effective
when administered before injection of formalin in reducing phase 2
responses when compared to administration after formalin injection
[25]. These observations have not been replicated in clinical studies,
the reasons for which remain unclear. However, human models have
demonstrated that gabapentin may be effective at both preventing
development of and reducing established neuronal sensitisation. In a
human volunteer study [26], gabapentin was effective at both reducing
the development and reducing existing secondary hyperalgesia. These
results may help explain why gabapentin was equally effective when
given preoperatively or postoperatively.

With regards to timing of gabapentin administration, although this
review has found no benefit of preemptive administration in terms of
postoperative pain, preemptive administration may have other clinical
and logistic advantages. Preemptive gabapentin allows administration
with the patient fully alert and capable of swallowing the tablet. Indeed,
included studies that gave postincision doses had to do so via an NG
tube [21] or two hours after surgery [20,22]. This later dosing may miss
important clinically significant reductions in immediate postoperative
pain scores found in a recent meta-analysis [11]. Furthermore, the same
review found a reduction in preoperative anxiety with gabapentin, an
effect that would be missed with postincision administration.

There are several limitations with this review. Firstly, included
randomised controlled trials were clinically heterogeneous in terms
of types of surgery, dose of gabapentin used and timing of gabapentin
administration. Secondly, current studies may be underpowered for
dichotomous outcomes such as gabapentin and opioid adverse events
as alluded to previously. Thirdly, the small number of included studies
precluded investigation of heterogeneity or publication bias, which has
previously been identified in a meta-analysis of gabapentin [11].

In conclusion, it appears from the limited data thus far, that
gabapentin exerts no preemptive effect for postoperative analgesia.
Despite this, preemptive doses of gabapentin may have other clinical
advantages, which make it a more suitable time for administration.
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