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BACKGROUND: Gabapentin, an anticonvulsant, has recently
been suggested as an effective postoperative ‘analgesic’ agent. The
objective of the present study was to examine the analgesic effective-
ness, opioid-sparing effects and side effects associated with the use of
gabapentin in a perioperative setting.

METHODS: Following the Quality of Reporting of Meta-analyses
recommendations, nine electronic databases until February 2006
were searched, without language restriction, for randomized con-
trolled trials comparing gabapentin with control for postoperative
pain control. Outcome measures, namely, 24 h cumulative opioid
consumption, visual analogue scale pain scores and adverse effects,
were expressed as odds ratios, ratio of means or weighted mean differ-
ences (as appropriate), which were aggregated under the fixed or ran-
dom effects models.

RESULTS: Gabapentin caused a 35% reduction in total opioid con-
sumption over the first 24 h following surgery (ratio of means 0.65,
95% CI0.59 to 0.72), a significant reduction in postoperative pain at
rest (in the first 24 h) and with movement (at 2 h, 4 h and 12 h),
regardless of whether treatment effects were expressed as ratios of
means or weighted mean differences, and a reduction of vomiting
(relative risk [RR] 0.73, 95% CI 0.56 to 0.95) and pruritus (RR 0.30,
95% CI 0.13 to 0.70). It was associated with a significant increase in
dizziness (RR 1.40, 95% CI 1.06 to 1.84) and an increase in sedation
of borderline significance (RR 1.65, 95% CI 1.00 to 2.74).
CONCLUSION: Gabapentin improves the analgesic efficacy of opi-
oids both at rest and with movement, reduces analgesic consumption
and opioid-related adverse effects, but is associated with an increased
incidence of sedation and dizziness.
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Lutilisation de la gabapentine pour le soulage-
ment de la douleur périopératoire : méta-
analyse

CONTEXTE : La gabapentine, un anticonvulsivant, se montrerait
également un analgésique postopératoire efficace, d’aprés des observations
récentes. La présente étude avait pour but d’examiner l'efficacité anal-
gésique du médicament, son effet d’épargne d’opioides et ses effets indési-
rables en phase périopératoire.

METHODE : A la suite des recommandations sur la qualité des rapports
de méta-analyses, une recherche a été entreprise dans neuf bases de don-
nées électroniques et poursuivie jusqu’en février 20006, sans restriction de
langue, sur des essais réalisés avec hasardisation, comparant la gabapen-
tine a des traitements témoins pour le soulagement de la douleur péri-
opératoire. Les mesures de résultats, soit la consommation cumulée
d’opioides sur 24 h, les cotations de la douleur sur une échelle visuelle
analogue et les effets indésirables, ont été exprimées sous forme de risque
relatif approché, de rapports de moyennes ou d’écarts de moyennes
pondérées, selon le cas, puis intégrées globalement dans les modeles a
effets fixes ou a effets aléatoires.

RESULTATS : La gabapentine a permis une réduction de 35 % de la
consommation totale d’opioides au cours des 24 premidres heures
postopératoires (rapport des moyennes : 0,65; intervalle de confiance [IC]
a 95 % : 0,59 — 0,72), une diminution significative de la douleur
postopératoire au repos, au cours des 24 premieres heures, et au moment
de Pexécution des mouvements, au bout de 2 h, de 4 h et de 12 h, peu
importe que les effets du traitement aient été exprimés sous forme de rap-
ports de moyennes ou d’écarts de moyennes pondérées, ainsi qu'une
diminution des vomissements (risque relatif [RR] : 0,73; IC 2 95 % : 0,56 —
0,95) et du prurit (RR : 0,30; IC a2 95 % : 0,13 — 0,70). Par contre, le
médicament a été associé A une augmentation significative des étourdisse-
ments (RR : 1,40; IC 295 % : 1,06 — 1,84) et a une augmentation signi-
ficativement limite de la sédation (RR : 1,65; IC 295 % : 1,00 — 2,74).
CONCLUSION : La gabapentine augmente l'efficacité analgésique des
opioides, tant au repos qu’a 'exécution des mouvements, diminue la con-
sommation d’analgésiques et les effets indésirables liés aux opioides, mais
elle est associée 2 une augmentation de I'incidence de la sédation et des
étourdissements.

espite the use of new drugs and delivery modalities, studies

have shown that acute postoperative pain continues to be
undermanaged (1,2). Approximately three of four patients
experience acute pain after surgery, and 80% of these have
moderate to extreme pain. Opioid analgesics are the corner-
stone of pharmacological postoperative pain management (3),
although they also contribute to increased morbidity and associ-
ated hospital costs (4,5). A balanced, multimodal approach of
providing postoperative analgesia has been suggested to improve
analgesia and minimize opioid-related adverse events (6).
Various agents or techniques have been well investigated (7),
including acetaminophen (8), nonsteroidal anti-inflammatory

drugs (9), cyclooxygenase 2 inhibitors (10), ketamine (11) and
regional anesthetic techniques (12).

Gabapentin, an anticonvulsant widely used for the treat-
ment of various neuropathic pain syndromes, has recently
been investigated as an analgesic agent in the perioperative
setting. Although it is not an analgesic itself, early experi-
ence suggests this medication can improve analgesia and
reduce opioid requirements (13). An important component
of the opioid-sparing effect is to demonstrate a reduction in
opioid-related side effects (14). The sample size estimates of
all the perioperative gabapentin studies were based on anal-
gesic effectiveness and reduction in opioid consumption.
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Thus, these studies may not have the power to detect differ-
ences in side effects. Similarly, these studies may not have the
power to detect possible increased rates of side effects of
gabapentin, such as dizziness, which may impact on postoper-
ative recovery.

The objective of the present study was to examine the anal-
gesic effectiveness, opioid-sparing effects and side effects asso-
ciated with the perioperative use of gabapentin.

METHODS
The present meta-analysis adhered to the recommendations of the
Quality of Reporting of Meta-analyses recommendations (15).

Inclusion and exclusion criteria

Eligible studies were parallel-group, randomized, controlled trials
enrolling adults (18 years or older) undergoing surgery under
general anesthesia, regional anesthesia and monitored anesthesia
care. The interventions assessed were the preoperative (within
24 h), intraoperative or postoperative (within 24 h) administra-
tion of gabapentin. Trials had to report any of the following out-
comes: cumulative analgesic consumption (24 h), visual
analogue scale (VAS) pain scores or adverse effects (dizziness,
sedation, respiratory depression, nausea, vomiting, pruritus or
urinary retention). Studies incorporating a local anesthetic tech-
nique or nerve block as part of the anesthetic regimen were
excluded.

Search strategy

Eligible trials were identified using MEDLINE (1966 to February
2006), EMBASE (1980 to February 2006), PubMed (last searched
February 2006), the Cochrane Clinical Trials Register (Ist
Quarter 2006), Science Citation Index, Controlled Trials
Register, TEXTMED, Science Direct, IngentaConnect and
Google Scholar. The search used the following subject headings
and text terms: “gabapentin”, “Neurontin”, “postoperative care”,
“postoperative period”, “perioperative care”, “surgery”, “pain treat-
ment”, “analgesic” and “analgesia” (16). Bibliographies of included
articles and published reviews were also searched. No language
restrictions were applied. Unpublished trials were not sought, but
authors of included studies were contacted to provide additional
data. Studies that were reported only as abstracts or letters were
excluded.

Methods of review

All three authors (PP, DW, CL) independently performed litera-
ture searches and assessed all identified full papers for inclusion.
Reasons for exclusion were documented for all excluded studies.
The following data were abstracted by two authors (DW, CL)
onto data abstraction forms: patient demographic data, surgery,
treatments, follow-up, 24 h cumulative analgesic consumption,
time to first analgesic, VAS pain scores (rest and movement at
2 h,4h, 12 h and 24 h after surgery), dizziness, sedation, respira-
tory depression, nausea, vomiting, pruritus and urinary reten-
tion. OQutcome definitions used by the original researchers were
accepted. When the data on pain and adverse effects were
incomplete, or when the pain score was presented as a median
rather than mean + SD, the first authors of those articles were
contacted for further information. Three reviewers also inde-
pendently rated study quality on the basis of the adequacy of ran-
domization (method reported), allocation concealment,
double-blinding and follow-up. All discrepancies were resolved
by consensus.
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Statistical analyses

Analyses were performed using Review Manager 4.2.8 (Cochrane
Collaboration, Denmark). Initially, heterogeneity was measured
using the 12 statistic. This value is the proportion of total variation
that is explained by between-study variation as opposed to chance
(17,18). Higher I? statistics imply more heterogeneity among
pooled studies than would be expected by chance alone. In cases
of low heterogeneity (12=0%), data were pooled under the fixed
effects model; otherwise, the random effects model was used (19).
Statistical significance was defined by a two-tailed P<0.05.

Binary outcomes were expressed as pooled relative risks (RR)
with 95% Cls. The RR was chosen to aggregate binary data
because of its easy interpretability and stability (in contrast to risk
difference and number needed to treat) with varying baseline risks
(20). Pooled effects on time to first analgesic were expressed as
weighted mean differences. The pooling of data on 24 h cumula-
tive analgesic use was complicated by the differing postoperative
analgesic regimens in the included studies. Aggregating data as
weighted mean differences entailed standardizing all analgesic
doses (ie, conversion to ‘morphine-equivalents’), which was not
possible given that a wide variety of analgesic agents was used and
that some of them, such as tramadol, had no reliable equivalent
ratio. Treatment effects on cumulative 24 h opioid use were there-
fore expressed as the more clinically meaningful ‘ratio of means’;
namely, the ratio of mean analgesic use in the gabapentin versus
control arms. The methods of Friedrich et al (21) were used to cal-
culate the pooled ratios of means. Treatment effects on mean VAS
pain scores at rest and movement were calculated as both ratio of
means and weighted mean differences at four prespecified time

points after surgery: 2 h, 4 h, 12 h and 24 h.

Sensitivity analyses

Sensitivity analyses were planned a priori to determine whether
the choice of included studies influenced pooled treatment effects.
The first sensitivity analysis assessed the relationship between
study quality and treatment effects. The meta-analyses were
repeated in high-quality studies, which were defined as studies ful-
filling all of the four criteria: adequate randomization with method
reported, proper allocation concealment, double-blinding and
accounting for dropouts. The second sensitivity analysis involved
using funnel plots to assess for publication bias (22). The final sen-
sitivity analysis assessed the relationship between severity of post-
operative pain and treatment effects. Previous studies have
suggested that VAS pain scores must exceed 30 mm for a study to
detect analgesic effects (23). The meta-analyses were therefore
repeated in studies that reported mean VAS pain scores at rest
above 30 mm in the control arm at any of the prespecified time

points (2 h, 4 h, 12 h or 24 h).

RESULTS

The search results are presented in Figure 1. One study was
excluded after complete evaluation because the treatment arm
assessed the effects of gabapentin in combination with other
treatments (24). Eighteen studies (25-42), encompassing
1181 patients, were included for analysis (Table 1). Most stud-
ies were of good quality, with the exception being adequacy of
allocation concealment (Table 2). Participants’ mean ages
ranged from 29 to 52 years of age. Women comprised 32% to
100% of participants.

The most common dose of gabapentin assessed was
1200 mg daily (12 studies), with some studies using doses as low

as 300 mg daily (Table 1). Eleven studies (25,28-33,36,38-40)
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administered gabapentin as a single dose within 1 h to 2 h
before surgery; the remainder involved initiating therapy on
the day before surgery or continuing it for up to 10 days after
surgery (Table 1). With the exception of Rorarius et al (29), all
studies used an inactive placebo (Table 1). The study that used
an active control was excluded from analyses pertaining to
sedation and respiratory depression.

Analgesic consumption

Fourteen studies (25-28,31-40), encompassing 1027 partici-
pants, reported effects on cumulative 24 h analgesic consump-
tion. Gabapentin resulted in a 35% reduction in total
analgesic consumption over the first 24 h following surgery
(ratio of means 0.65, 95% CI 0.59 to 0.72; P<0.001), albeit
with significant heterogeneity (12=84.4%). Subgroup analyses
based on surgical procedure, gabapentin dose or study quality
did not explain this heterogeneity. The data on time to first
analgesic was available in three studies (29,30,38)
(171 patients). It was delayed 7.9 min by gabapentin (95% CI
4.2 to 11.6; P<0.001), with minimal heterogeneity (12=0%).

Pain scores

Gabapentin caused a significant reduction in postoperative
pain at rest (25-28,30-42) in the first 24 h, by 27% to 39%
(7.2 mm to 14.3 mm on a scale of 0 mm to 100 mm), regardless
of whether treatment effects were expressed as ratios of means
or weighted mean differences (Figure 2). Similarly, aside from
24 h after surgery, gabapentin significantly reduced pain with
movement (25-27,31,34,35,37,38) by 18% to 28% (VAS
8.2 mm to 10.2 mm) after surgery (Figure 3). The pooled
effects on VAS pain scores displayed significant heterogeneity,
which was not explained by subgroup analyses based on surgical
procedure, gabapentin dose or study quality (Figures 2 and 3).

Adverse effects

Gabapentin was associated with a significant increase in dizzi-
ness (RR 1.40, 95% CI 1.06 to 1.84), with minimal hetero-
geneity (Table 3). It was also associated with an increase in
sedation of borderline significance (RR 1.65, 95% CI 1.00 to
2.74), albeit with significant heterogeneity (12=83.3%). With
regard to the opioid-sparing effects, gabapentin significantly
reduced vomiting and pruritus (Table 3). The heterogeneity
observed in analyses pertaining to sedation and nausea was not
explained by subgroup analyses based on surgical procedure,
gabapentin dose or study quality.

Sensitivity analyses

Aside from pain with movement at 12 h and 24 h after surgery,
the results were not affected by study quality or severity of
postoperative pain (Table 4). Funnel plots revealed no obvious
publication bias with regard to opioid consumption, pain
scores or adverse effects.

DISCUSSION
Gabapentin was introduced initially by Pfizer Inc in the early
1990s as an anticonvulsant, but is better known as an effective
treatment for neuropathic pain (43). It is not considered an
analgesic per se. A study published in 2002 (25) prompted inves-
tigators to rethink that gabapentin may be a broad-spectrum
analgesic (44). Since then, 19 studies have been published. In
the present meta-analysis, we have shown that gabapentin
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Potential relevant studies identified by
electronic database search (n = 46)

Trials excluded by screening of
titles and abstracts (n = 27)

Potential studies retrieved for
complete evaluation (n = 19)

Trials excluded for use of multiple agents in
treatment arm (n = 1)

Selected trials included
for meta-analysis (n = 18)

Figure 1) Meta-analysis flow diagram

reduces pain scores, both at rest and with movement following
various surgeries, lengthens the time for analgesic rescue,
decreases the consumption of opioids and, most importantly,
lowers rates of opioid-related side effects. The pain score at rest
was reduced by 27% to 39% (VAS 7.2 mm to 14.3 mm on a
scale of 0 mm to 100 mm) during the first 24 h, and the pain
score with movement was reduced by 18% to 28% (VAS
8.2 mm to 10.2 mm) in the first 12 h.

At the time of publication, three meta-analyses on this
topic have been published (45-47). However, we have per-
formed the most extensive search, and the number of studies
included in this meta-analysis was 18, compared with eight
(45), 12 (46) and 16 (47) studies in the other meta-analysis.
Furthermore, we were able to contact all except two authors
for further information. Ho et al (47) excluded the data on
pain score in four studies because the pain score was presented
as a median or was not presented. However, we were able to
get those data directly from the authors. As a result, we had
the most extensive data collection for analysis of side effects,
pain scores at rest and pain scores associated with movement.
The latter were not presented in any of those three meta-
analyses.

Our findings led to the question of how gabapentin works
in reducing postoperative paink In the past few decades, there
has been a substantial improvement in the understanding of
the mechanism of surgical pain (48-50). The neural pathway
is no longer viewed as a ‘hard-wire system’ — it demonstrates
neural plasticity, the neurobiological means by which
changes in the nervous system can modulate responses to any
stimulus. Following surgery, the intense influx of pain signal
from tissue trauma can amplify and modify pain through a
process called sensitization (central and peripheral sensitiza-
tion). Of particular interest is central sensitization, in which
the excitability and responsiveness of dorsal horn neurons to
pain transmission is enhanced (50). The results of these
changes contribute to abnormal pain responses such as pain
sensation to innocuous stimuli (allodynia), enhanced pain
responses (hyperalgesia) and spread of hypersensitivity
beyond injured tissue. Because some of these modulation
processes may turn into modification such as enhancement of
gene expression, the pain may persist beyond apparent tissue
healing, contributing to chronic postsurgical pain syndromes

(51,52).
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TABLE 1
Characteristics of the studies included in the present meta-analysis

Study Procedure n Treatment arm Control arm Anesthesia Follow-up

Gynecological procedures

Dierking et al (34) Abdominal hysterectomy 80 Gabapentin 1200 mg 1 h before surgery, and 600 mg Placebo General 24 h
8 h,16 h and 24 h after initial dose

Gilron et al (35) Abdominal hysterectomy 52 Gabapentin 1800 mg daily starting 1 h before surgery Placebo General 56 h
to postoperative day 2

Rorarius et al (29) Vaginal hysterectomy 90 Gabapentin 1200 mg 150 min before surgery Oxazepam 15 mg  General 20 h

Turan et al (31) Abdominal hysterectomy 50 Gabapentin 1200 mg 1 h before surgery Placebo General 24 h

Turan et al (41)* Abdominal hysterectomy 50 Gabapentin 1200 mg daily starting 1 h before surgery to Placebo General 72 h
postoperative day 2

Yoon et al (26) Abdominal hysterectomy 32 Gabapentin 800 mg before surgery (400 mg the night Placebo General 24 h
before surgery and 400 mg 30 min before surgery)

Orthopedic procedures

Menigaux et al (38) Knee surgery 40 Gabapentin 1200 mg 2 h before surgery Placebo General 48 h

Pandey et al (28)  Spine surgery 56 Gabapentin 300 mg 2 h before surgery Placebo General 24 h

Pandey et al (39)  Spine surgery 100  Any of four doses of gabapentin (300 mg, 600 mg, Placebo General 24 h
900 mg or 1200 mg) 1 h before surgery

Radhakrishnan Spine surgery 60 Gabapentin 800 mg before surgery (400 mg the night Placebo General 8 h

et al (37) before surgery and 400 mg 2 h before surgery)

Tuncer et al (40)  Major orthopedic surgery 45 Any of two doses of gabapentin (800 mg or 1200 mg) Placebo General 4 h
1 h before surgery

Turan et al (32) Spine surgery 50 Gabapentin 1200 mg 1 h before surgery Placebo General 24 h

Turan et al (42) Lower limb surgery 40 Gabapentin 1200 mg daily starting 1 h before surgery Placebo General 72 h
to postoperative day 2 and epidural

Other procedures

Dirks et al (25) Breast surgery 70 Gabapentin 1200 mg 1 h before surgery Placebo General 4h

Fassoulaki Breast surgery 50 Gabapentin 1200 mg daily starting evening before Placebo General 48 h

et al (24)f surgery to postoperative day 10
Pandey et al (33) Laparoscopic 206 Gabapentin 300 mg 1 h to 2 h before surgery Placebo General 24 h
cholecystectomy

Pandey et al (36) Open nephrectomy 60 Gabapentin 600 mg either 2 h before surgery
or following surgical incision.

Turan et al (30) Ear-nose-throat surgery 50 Gabapentin 1200 mg 1 h before surgery Placebo Sedation 24 h

*Additional two arms that assessed celecoxib (alone and in conjunction with gabapentin) were excluded; TAdditional arm that assessed mexilitene was excluded

TABLE 2
Quality of studies included in the present meta-analysis

Randomization Allocation Drop-outs Jadad
Study Procedure method described concealment Double-blinded accounted score*
Gynecological procedures
Dierking et al (34) Abdominal hysterectomy + + + 5
Gilron et al (35) Abdominal hysterectomy + + + 5
Rorarius et al (29) Vaginal hysterectomy + - + + 5
Turan et al (31) Abdominal hysterectomy + + + 5
Turan et al (41)* Abdominal hysterectomy + + + 5
Yoon et al (26) Abdominal hysterectomy - - + + 4
Orthopedic procedures
Menigaux et al (38) Knee surgery + - + + 5
Pandey et al (28) Spine surgery + - - - 2
Pandey et al (39) Spine surgery + - + + 5
Radhakrishnan et al (37) Spine surgery + + + - 4
Tuncer et al (40) Major orthopedic surgery - - - - 1
Turan et al (32) Spine surgery 5
Turan et al (42) Lower limb surgery + 5
Other procedures
Dirks et al (25) Breast surgery + + 5
Fassoulaki et al (24)f Breast surgery + + 5
Pandey et al (33) Laparoscopic cholecystectomy + - + 4
Pandey et al (36) Open nephrectomy + - + 5
Turan et al (30) Ear-nose-throat surgery + + + 5
Proportion meeting quality criteria, % 89 56 89 78

*See reference 68 for details. + Information present; — Information absent
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Figure 2) Per cent reduction in visual analogue scale (VAS) pain
scores at rest with gabapentin over the first 24 h following surgery. The
closed circles are the point estimates for pooled treatment effects,
expressed as ratios of means (random effects model) at 2 h, 4 h, 12 h
and 24 h following surgery. The error bars are the corresponding 95%
Cls. The table below the graph reports the heterogeneity (12 statistic) for
these treatment effects. The text adjacent to each point estimate is the
same treatment effect expressed as the absolute reduction in VAS scores
(weighted mean difference in random effects model) with 95% CI

TABLE 3

Adverse effects associated with perioperative gabapentin use

Figure 3) Per cent reduction in wvisual analogue scale (VAS) pain
scores with movement by gabapentin over the first 24 h following surgery.
The closed circles are the point estimates for pooled treatment effects,
expressed as ratios of means (random effects model) at 2 h, 4 h, 12 h and
24 h following surgery. The error bars are the corresponding 95% Cls.
The table below the graph reports the heterogeneity (I statistic) for these
treatment effects. The text adjacent to each point estimate is the same
treatment effect expressed as the absolute reduction in VAS scores
(weighted mean difference in random effects model) with 95% CI

Number of studies

Outcome (number of patients) Relative risk 95% CI P 12
Dizziness 14 (1049) 1.40 1.06 to 1.84 0.02 0%
Sedation* 12 (905) 1.65 1.00 to 2.74 0.05 83.3%
Respiratory depression* 2 (406) 2.05 0.37 to 11.26 0.41 0%
Nausea 17 (1196) 0.91 0.68 to 1.20 0.50 46.7%
Vomiting 14 (803) 0.73 0.56 to 0.95 0.02 0%
Pruritus 7 (566) 0.30 0.13t0 0.70 0.005 0%
Urinary retention 6 (290) 0.55 0.28 to 1.05 0.07 0%

*One study (29) that used an active control (oxazepam 15 mg) was excluded from this analysis

TABLE 4

Sensitivity analyses based on study quality and severity of postoperative pain — the second sensitivity analysis involved
repeating analyses in studies that reported a mean control arm visual analogue scale (VAS) pain score at rest <30 mm at

any prespecified time point

Ratio of means (95% CI)

Duration after Primary Control arm VAS
surgery (h) analysis 12 High-quality studies 12 score >30mm 12
Pain at rest
2 0.74 (0.66 to 0.82) 28.60% 0.67 (0.56 to 0.79) 39.60% 0.72 (0.64 to 0.81) 31.30%
4 0.60 (0.54 to 0.66) 34.40% 0.58 (0.47 to 0.70) 29.00% 0.58 (0.53 to 0.64) 30.60%
12 0.66 (0.57 t0 0.77) 73.90% 0.52 (0.31 to 0.86) 80.80% 0.65 (0.56 to 0.77) 76.10%
24 0.64 (0.54 to 0.76) 64.70% 0.59 (0.47 to 0.75) 21.30% 0.64 (0.53 t0 0.77) 67.40%
Pain with movement
2 0.82 (0.70 to 0.96) 59.0% 0.75 (0.58 to 0.98) 69.1% 0.78 (0.64 to 0.95) 59.3%
4 0.80 (0.71 t0 0.91) 6.8% 0.75 (0.64 to 0.88) 0.0% 0.75 (0.65 to 0.86) 0.0%
12 0.72 (0.55 to 0.96) 71.9% 0.64 (0.39 to 1.07) 76.5% 0.66 (0.49 to 0.88) 63.0%
24 0.88 (0.76 to 1.01) 10.6% 0.92 (0.77 to 1.10) 17.7% 0.87 (0.74 to 1.04) 28.1%
Total opioid use
24 0.65 (0.59 to 0.72) 84.4% 0.64 (0.52 to 0.79) 87.7% 0.66 (0.60 to 0.72) 80.1%

Pain Res Manage Vol 12 No 2 Summer 2007

89



Peng et al

Despite extensive investigations, the mechanism of how
gabapentin works is still unknown. Although it is an analogue
of gamma-aminobutyric acid (GABA), it is neither active at
GABA , or GABAj; receptors nor metabolically converted to
GABA (53,54). Its known main site of action is the alpha,-delta
subunit of presynaptic voltage-gated calcium channels (55).
However, other targets, such as sodium channels, N-methyl-D-
aspartic acid receptors, monoaminergic and opioid pathways,
have been implicated (53,54). Gabapentin does not affect the
calcium ion influx of normal neurons. It reduces calcium ion
influx at presynaptic terminals in hyperexcited neurons (51),
which may lead to reduction of release of excitatory neuro-
transmitters such as glutamate, substance P and noradrenaline.
Thus, gabapentin appears to reduce the hyperexcitability of dor-
sal horn neurons that is induced by tissue damage.

In the acute pain setting, a meaningful improvement in pain
score has been investigated. In patients with moderate baseline
pain, the minimal improvement, as seen on the VAS, is 13 mm
on a scale from O mm to 100 mm, or a 20% reduction from base-
line (56). Although the improvements in pain scores in the
present analysis were modest (7.2 mm to 14.3 mm at rest during
the first 24 h, and 8.2 mm to 10.2 mm in the first 12 h with
movement), these reductions represented more than 20% reduc-
tion from the baseline pain score at rest. The improvement in
analgesia is far better than those achieved with ketamine (11)
and is comparable with cyclooxygenase 2 inhibitors (41).

Despite the benefits of gabapentin, one has to be cautious
about its side effects. The two most common side effects of
gabapentin in the management of chronic pain are somno-
lence and dizziness (43). In this meta-analysis, gabapentin also
increased the rates of dizziness and sedation in surgical
patients. Similar to most acute pain studies, the quality of
reporting of side effects was generally poor (57). For instance,
most included gabapentin studies did not describe the methods
for reporting the occurrence and severity of side effects. For
studies that reported dizziness, only three assessed its severity
(25,29,34). Most of the reported dizziness episodes were mild
(25,29) and did not affect patient satisfaction (42).
Furthermore, the most common dose regimen was a single dose
of 1200 mg before surgery (25,28-32,34,38,42), which is a very
high initial dose compared with the recommended dose for the
management of chronic neuropathic pain (58). In the chronic
pain setting, the starting dose usually does not exceed 300 mg
daily to avoid dizziness and sedation. The dose is then gradually
titrated upward to the desired therapeutic dose. However,
adjusting the dose in the preoperative period is impractical,
and thus, a higher dose is chosen. Interestingly, a dose-response
study suggested no benefit of a starting dose above 600 mg
(39). Further studies are required to elucidate the optimal dose
and severity of side effects. Despite this, physicians should be
cautious about the potential for sedation and dizziness, espe-
cially in ambulatory surgical patients.

Limitations

There are several limitations in this meta-analysis, mostly
related to the methodological weakness of the original studies.
Although we used the more conservative random effects mod-
el to aggregate data from the gabapentin randomized, con-
trolled trials, the underlying heterogeneity among the included
trials limited the strength of our overall conclusions. This
called for the need of a properly designed, randomized, con-
trolled trial. The results of the present meta-analysis provide

90

valuable data for improving the design of future trials. We are
not able to comment on the dose-response for efficacy because
of the diverse regimen used. Before surgery, 15 studies pre-
scribed a single dose (300 mg to 1200 mg) and three studies
prescribed repeated doses. Following surgery, only four studies
prescribed repeated doses, varying from 1200 mg once daily for
two days to 400 mg three times a day for 10 days. Only two
studies (26,39) examined the analgesic effects of gabapentin in
more than one dose group. The other limitation is related to
the reporting of side effects. Most studies mainly focused on
analgesic effectiveness and did not systemically evaluate
adverse effects. Reporting of the methods of assessment, sever-
ity of adverse effects and patient withdrawal related to the side
effects is recommended in analgesic trials (59).

Suggestion for further studies

Further studies should improve the reporting of side effects and
their severity (57). When evaluating the efficacy of a drug, the
frequency, severity and the impact (distress) of different
adverse effects should be considered. A composite scoring sys-
tem, the Opioid-related Symptoms Distress Scale, has been
suggested for reporting the opioid-related side effects (59).

So far, there is insufficient information to recommend a
specific dose regimen for gabapentin. Only one study exam-
ined dose-response efficacy and suggested that the highest effi-
cacy was a single preoperative dose of 600 mg (39). However,
analgesic effects can be procedure specific (60,61), and more
studies are needed to contribute to a dose recommendation.

Gabapentin has been shown to reduce mechanical hyperal-
gesia in several preclinical pain models (62-64). However,
studies showing that it reduces hyperalgesia in postoperative
patients are lacking. Further studies are recommended to
examine the effects of gabapentin on mechanical hyperalgesia
on and around the wound. This will give valuable information
of how gabapentin works in the acute pain setting.

There are other advantages of using gabapentin in the post-
operative setting. It has been used to relieve anxiety and improve
sleep quality, both of which are important to patient care in the
perioperative period (65,66). However, only one study examined
the effect of gabapentin on relieving anxiety. Further studies are
recommended to explore these clinical advantages of gabapentin
with well-validated measurement tools.

Finally, antisensitization medications such as ketamine
have been demonstrated to reduce the prevalence of chronic
postsurgical pain (67). More studies are encouraged to exam-
ine the effects of gabapentin on the prevalence and severity of
chronic postsurgical pain in different surgical models.

CONCLUSION

Gabapentin may be a new class of analgesic medication that
targets the sensitization process. In our meta-analysis, we were
able to show that gabapentin improves the analgesic efficacy of
the opioids both at rest and with movement, and reduces opi-
oid consumption and opioid-related adverse effects. However,
it also increases rates of dizziness and sedation. Further studies
are required to study the impact of these side effects, the opti-
mum analgesic dose and the other nonanalgesic effects of
gabapentin, such as anxiolysis and sleep improvement.
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