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Editorial Comment

Background: Perioperative pain treatment often consist of combi-
nations of non-opioid and opioid analgesics, ‘multimodal analge-
sia’, in which gabapentin is currently used. The aim was to
document beneficial and harmful effects of perioperative gabapen-
tin treatment.

Methods: Randomized clinical trials comparing gabapentin vs.
placebo or active placebo in adult surgical patients receiving
gabapentin perioperatively were included. This review was con-
ducted using Cochrane standards, trial sequential analysis (TSA),
and Grading of Recommendations Assessment, Development, and
Evaluation (GRADE). The primary outcomes were 24-h opioid
consumption and incidence of serious adverse events (SAE).
Results: One hundred and thirty-two trials with 9498 patients
were included. Thirteen trials with low risk of bias reported a
reduction in 24-h opioid consumption of 3.1 mg [0.5, 5.6; TSA-
adjusted CI: —0.2, 6.3]. In the analysis of gabapentin as add-on
analgesic to another non-opioid analgesic regimen, a mean reduc-
tion in 24-h morphine consumption of 1.2 mg [-0.3, 2.6; TSA-
adjusted CI: —0.4, 2.8] in trials with low risk of bias was found.
Nine trials with low risk of bias reported a risk ratio of SAEs of
1.61 [0.91; 2.86; TSA-adjusted CI: 0.57, 4.57].

Conclusion: Based on GRADE assessment of the primary out-
comes in trials with low risk of bias, the results are low or very
low quality of evidence due to imprecision, inconsistency, and in
some outcomes indirectness. Firm evidence for use of gabapentin
is lacking as clinically relevant beneficial effect of gabapentin may
be absent and harm is imminent, especially when added to multi-
modal analgesia.

In this trustworthy systematic review, use of gabapentin for post-operative pain management was
scrutinized. In summary, the quality of evidence for a clinically relevant benefit of gabapentin is
low, and, importantly, harm may be present.
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The World Health Organization (WHO) esti-
mated that 321.5 million surgical procedures
were needed in 2010 to meet the burden of dis-
eases in the global population." Optimal man-
agement of post-operative pain is a critical
component in care of the surgical patient and is
often performed by combinations of non-opioid
and opioid analgesics, referred to as ‘multi-
modal analgesia’.>* At present, a diversity of
combinations of analgesics is used in clinical
practice.

Gabapentin was introduced as an anti-epilep-
tic and has been recommended for treatment of
chronic neuropathic pain conditions.” It is pre-
sumed that gabapentin exhibits its effects
through 02-subunits of voltage-gated calcium
channels causing a decrease in excitatory neuro-
transmitters, e.g., glutamate, substance P, and
calcitonin gene-related peptide (CGRP).® The
anti-hyperalgesic effect of gabapentin has been
demonstrated in several experimental and clini-
cal trials.” '* The potential post-operative anal-
gesic effects have been investigated in a
growing number of randomized clinical trials
(RCTs). Gabapentin is becoming an established
component in multimodal post-operative anal-
gesia.’” Therefore, an updated systematic docu-
mentation of benefit and harm of perioperative
gabapentin treatment is needed. It was our
hypothesis that gabapentin would reduce 24-h
opioid consumption and that adverse events
would not be of a severity which will prevent
treatment with gabapentin.

This systematic review aim to evaluate the
effects of perioperative gabapentin on post-
operative opioid consumption, pain intensity,
and adverse and serious adverse effects in
surgical patients receiving gabapentin for post-
operative pain management with the Grading of
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Recommendations Assessment, Development,
and Evaluation (GRADE) methodology for rat-
ing quality of evidence.'*

Methods

This systematic review followed the methodol-
ogy recommended by the Cochrane Collaboration
and is reported according to the Preferred Report-
ing Items for Systematic Reviews and Meta-Ana-
lyses (PRISMA) guidelines.'>'® The protocol
was published in the International Prospective
Register of Systematic Reviews (PROSPERO)
(www.crd.york.ac.uk/PROSPERQO) registration
no. CRD42013006538.

Search strategy and selection criteria

We searched the Cochrane Library’s CENTRAL,
PubMed, EMBASE and Science Citation Index
Expanded databases for eligible trials using the
search terms and MeSH descriptors ‘Amines’,
‘gamma-Aminobutyric Acid’, ‘gaba* or neuron-
tin* or neurotonin* or horizant*’, and ‘pain’.
Language was not a restriction. Relevant
publications were also identified from reference
lists of previous reviews and Google Scholar.
Unpublished trials were identified through the
following trial registries: www.clinicaltrials.gov;
www.controlled-trials.com; www.centerwatch.-
com; www.eudraCT.com; and at the homepage
of the US Food and Drug Administration (FDA).
The electronic search was last updated 12 April
2016 (Supplemental digital content 1: search
strategies).

Randomized clinical trials investigating peri-
operative gabapentin intervention vs. placebo
or an active placebo group mimicking the
sedative effect of gabapentin were considered
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eligible. Prospective observational and quasi-
randomized trials were included for evaluation
of harm and detection of rare serious adverse
events but not for benefit. The prospective
observational and quasi-randomized trials are
not included in any of the meta-analyses of
outcomes.

The study population included surgical
patients of 18 years or above who received
gabapentin for post-operative pain. Trials were
included regardless of dosage, administration
intervals, duration of treatment, or type of sur-
gery.

Exclusion criteria were trials of non-surgical
pain conditions, experimental pain models,
chronic pain conditions, or different analgesic
co-interventions in compared groups.

Study selection

Two authors (MLF, AG) independently
screened titles and abstracts for inclusion after
removal of duplicates. MLF and one other
independent author (AG, MSH, PLP, LN)
assessed full texts. Non-English articles were
translated to English.

Data extraction

Two authors [MLF (all trials), AG, PLP, MSH,
and LN] independently extracted data and
assessed bias of the included trials using a data
extraction form. The extracted data included
participant and trial characteristics: Year of pub-
lication, number of participants, type of surgery,
follow-up period and dose regimen, consump-
tion of opioid and non-opioid escape medica-
tion, pain intensity, any adverse effects
described in the trials, including serious adverse
events (SAEs) defined according to the Interna-
tional Conference of Harmonization — Good
Clinical Practice (ICH-GCP) definitions as medi-
cal events being either life-threatening, resulting
in death, disability or significant loss of func-
tion, and causing hospital admission or pro-
longed hospitalization.'”

The corresponding author was contacted
whenever data were insufficiently reported and
contact was repeated after 14 days. In case of no
response, the involved bias domains were clas-
sified as unclear.

Risk of bias assessment

The included trials were assessed for risk of
bias according to the Cochrane Handbook and
we decided a priori to report and conclude
based on primarily results from trials classified
as low risk of bias.'®'® The following domains
were assessed: random sequence generation,
allocation concealment, blinding, incomplete
outcome data, selective outcome reporting, and
other bias, including funding and confirmation
bias.?® Each domain was categorized as low,
unclear, or high risk of bias. If one or more
domains were categorized as high risk of bias,
the trial was classified as overall high risk of
bias. When one or more domains were catego-
rized as unclear, trials were added to high risk
of bias trials in the meta-analyses and subgroup
analyses as we aimed for estimates based on the
trials with reliable low risk of bias.

Any discrepancies in study selection, data
extraction, or bias assessment were resolved by
OM, JBD, or JW.

Outcomes

The co-primary outcomes were 24-h post-opera-
tive opioid consumption and incidence of seri-
ous adverse events (SAE).

Secondary outcomes were pain at rest and
during mobilization at 6 and 24 h after surgery,
opioid-related adverse effects, and all other
adverse events.

All opioids were converted to intravenous
morphine based upon equivalency (Supplemen-
tal digital content 2: Opioid conversion). Vari-
ous scales were used to report pain intensity in
the trials. All pain intensity scales reporting
pain levels between 0 and 10 were converted to
the Visual Analog Scale (VAS) 0 to 100 mm.

Statistical analysis

Review Manager (RevMan) [Computer pro-
gram], Version 5.1.6, Copenhagen: The Nordic
Cochrane Centre, The Cochrane Collaboration,
2014 was used for statistical analyses as prede-
fined in the protocol.

In trials with more than one active treatment
arm, including trials testing doses delivered
pre- and immediate post-operatively, means and
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standard deviations were combined for the
intervention groups.*!

Mean and standard deviations were estimated
from median and range values according to the
method described by Hozo et al.??> Standard
deviations were calculated by dividing the dif-
ference in interquartile ranges with 1.35.?

Longer ordinal scales were analyzed as contin-
uous data. For dichotomous data, RR with a
95% confidence interval was calculated.

We examined the heterogeneity between trials
using chi-squared test. The heterogeneity was
measured by I?, which quantifies inconsistencies
and D? for information size adjustments. If the I*
was greater than zero, the results were calcu-
lated using both a fixed effect model (FEM) and
random effect model (REM) and the most con-
servative estimation was presented.***> When-
ever FEM resulted in a significant result with
an estimate lower than REM, this was reported.

Predefined subgroup analyses were calculated
investigating the risk of bias in low vs. unclear
and high risk of bias; pain intensity at rest vs.
during mobilization; pain intensity at different
time points (early pain vs. late pain); add-on
treatment (trials investigating gabapentin as
add-on to other analgesic regimens vs. trials
investigating gabapentin as single analgesic).
We hypothesized that the estimates of effect
would be lower in subgroups of trials with low
risk of bias, late pain and pain at rest, and gaba-
pentin as add-on treatment compared with the
corresponding subgroups.

Sensitivity analyses were undertaken to
explore whether choice of summary statistic and
selection of the event category was critical for
the conclusions of the meta-analysis.

To adjust the confidence intervals due to
sparse data and repeated testing in cumulative
meta-analyses, trial sequential analysis (TSA)
program version 0.9 beta (www.ctu.dk/tsa) was
used.*®?” We performed the TSA analyses to
preserve the risk of type-1 and two errors
within 5% and 90%, respectively considering
sparse data and sequential testing in a cumula-
tive meta-analysis with repeated testing after
each new trial is added.?® We used a priori defi-
nition for opioid sparing effect of 5 mg of mor-
phine equivalent as the minimally clinical
relevant effect, the pooled standard deviation,
and the diversity calculated from the actual
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meta-analyses, for estimating the required infor-
mation size and the TSA-adjusted CI on all out-
comes.

Minimal relevant difference was defined as
5 mg reduction in 24-h intravenous morphine
consumption. This cut-off was used to detect
even a small beneficial effect in light of previous
reviews of other non-opioid analgesics demon-
strating less than 10 mg reduction in 24-h opi-
oid consumption.’ The relative risk reduction
(RRR) used for categorical outcomes in the TSA
was 30% for adverse events and for SAE 50%.

Grading of recommendations assessment,
development, and evaluation (GRADE)

We used GRADE to rate the quality of evidence
and strength of recommendations for individual
outcomes of the review, based on estimates from
trials with ‘low risk of bias’.>® The recommen-
dations are presented in a summary of findings
table (SoF).

Results

The search result is summarized in the PRISMA
flowchart (Fig. 1: PRISMA flowchart). One hun-
dred and forty-seven articles were included for
full-text evaluation. Forty-eight full-text articles
were excluded based on the following: Not
retrievable, non-surgical procedure, inade-
quately described analgesic regimen, patient age
< 18 years, chronic pain trials, no placebo or
only active comparator, review article, and dou-
ble publication.

Trial characteristics

A total of 135 studies were included.*® '** One
hundred and thirty-two trials with 9498 patients
were included for the evaluation of benefit and
furthermore, three non-randomized studies!®*
136 were included for the evaluation of harm.

Gabapentin treatment ranged from 100 to
1200 mg in trials with single-dose therapy
(n = 96), and from 900 to 2400 mg/day in trials
with multiple doses (# = 36). Initiation of gaba-
pentin treatment varied from 30 min to 48 h
pre-operatively.

Included trials investigated gabapentin inter-
vention in a range of surgical procedures

© 2016 The Acta Anaesthesiologica Scandinavica Foundation. Published by John Wiley & Sons Ltd 1191
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Additional records identified
through other sources

Records identified through
database searching

(n=19137) (n=32)
L 4 4
Records after duplicates removed
(n=16303)
A 4
Records screened | Records excluded
(n =16 303) e (n=16120)
A 4
Full-text articles assessed Full-text articles excluded, with
for eligibility reasons:
(n=183) e Articles not retrievable (n = 4)
e Non-surgical procedure (n=7)
e Different analgesic co-
interventions (n = 24)
Trials included in e Age<18years(n=7)
qualitative synthesis e Chronic pain trials (n = 1)
(n=135) e No placebo group only active
comparator (n = 3)
v e Review article (n=1)
o . o . e Double publication (n = 1)
Trials included in quantitative synthesis
(meta-analyses) (n = 132) (n = 48)

e 73 trials included in quantitative
synthesis of 24-h opioid consumption

e 26 trials included in quantitative
synthesis of serious adverse events

e 3 studies included for evaluation of harm

Fig. 1. PRISMA flowchart.

(Supplemental digital content 3: Characteristics
of included trials). Number of included patients
in the trials ranged from 20 to 306.

The follow-up period for acute pain of the tri-
als varied from 2 h to 6 weeks, with 24 h as the
most frequent assessment period (58 trials).

Bias risk assessment

Sixteen trials had overall low risk of
bias 30,45,61,65,68,82,89,98,102,103,116,117,133,136,137,151

. . 32-34,36,39,41,43,47—
Seventy-seven trials had high
49,51,53-56,59,62,63,67,69-71,73,76,78,83,84,86-88,90,93,95,96,
99-101,104,106,109,112-115,118-127,129,130,135,138,139,142—

149,153,157-164  apnd 39 trials unclear risk of

bias 31,35,37,38,40,42,44,46,50,52,57,58,60,64,66,72,74,75,77,79—

81,85,92,94,97,105,107,108,110,111,128,131,134,140,141,150,152

Reasons for unclear and high risk of bias were

mainly ‘selective outcome reporting’ or ‘other bias’
(Fig. 2: Bias graph and Supplemental digital con-
tent 4: Bias assessment).

Opioid consumption

Trials with low risk of bias (for all trials reporting the
outcome, please see Table 1)

Thirteen trials with low risk of bias reported on
OplOld Consumption,45’61’65’68’89’98’102’103’116’
7133137151 which indicates a reduction in 24-h
post-operative morphine consumption of 3.1 mg
(REM: 95% CI 0.5, 5.6; P < 0.02; I* = 90%; 13
trials; 1362 patients; TSA-adjusted CI: —0.2, 6.3;
Required information size: 1919 patients;
Accrued percentage of required information size:
71%; FEM: Reduction 0.8 mg [-0.2, 1.4, P =
0.01]; GRADE = very low) (Table 1: Subgroup

Acta Anaesthesiologica Scandinavica 60 (2016) 1188-1208
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Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

0% 25% 50% 75% 100%

[ Low risk of bias  [_] Unclear risk of bias  [Jl] High risk of bias

Fig. 2. Bias graph: The ‘Other’ bias domain consists of an evaluation of risk of financial bias and confirmatory bias.

analyses and all trial analyses, Fig. 3: Forest
plot of 24-h morphine consumption, Fig. 4: Trial
sequential analysis of trials with low risk of
bias on 24-h opioid consumption and Supple-
mental digital content 5: SoF and GRADE of tri-
als with low risk of bias, Supplemental digital
content 6: Trial Sequential Analysis of all trials
on 24-h morphine consumption, Supplemental
digital content 7: SoF of all trials).

Add-on effect (for all trials reporting the outcome,
please see Table 1)
For trials with low risk of bias, the predefined
subgroup analysis of gabapentin as add-on anal-
gesic to another non-opioid analgesic regimen
indicated a mean reduction in 24-h morphine
consumption of 1.2 mg (REM: 95% CI —0.3,
2.6; P <0.12; * = 61%; 11 trials; 1194 patients,
TSA-adjusted CI —0.4, 2.8; Required informa-
tion size: 562 patients; Accrued percentage of
required information size: 47%) (Table 1: Sub-
group analyses and all trial analyses, Supple-
mental digital content 8: Forest plot of add-on
effeCt).45'61'65'68'89’98'102’103’116'117’133

Trials with no non-opioid basic analgesic
treatment did not indicate a statistically signifi-
cant reduction in the 24-h morphine consump-
tion in trials with low risk of bias [8.0 mg
(REM: 95% CI —1.5, 17.4; P = 0.10; I* = 84%; 2
trials; 168 patients, TSA-adjusted CI —30.5,
46.3; Required information size: 3271 patients;
Accrued percentage of required information size:
5%)].">7'*! (Table 1: Subgroup analyses and all
trial analyses, Supplemental digital content 9:
Forest plot of no-add-on treatment).

Acta Anaesthesiologica Scandinavica 60 (2016) 1188-1208

Bias effect

For trials with low risk of bias in the domain
‘other risk of bias’ (confirmatory and funding
bias), a mean reduction of 3.8 mg (REM: 95% CI
2.1, 5.5; P <0.0001; I*=92%; 30 trials; 2285
patients; TSA-adjusted CI 2.1, 5.5; Required
information size 1968 patients; Accrued

percentage of required information @ size:
116%)*244:45:53,54,56,60,61,65,68,73,78,81,84,89,95,98,102,

103,114,116-118,120,133,137,139,148,151,160
as compared

to a mean reduction in trials with unclear or high
risk of bias of 9.9 mg (REM: 95% CI 8.1, 11.7;
P < 0.00001; I* = 99%; 43 trials; 3345 patients;
TSA-adjusted CI: 8.1, 11.7; Required information
size: 2522 patients; Accrued percentage of
required information size: 132%; FEM: Reduc-
tion 5.2 mg [5.1, 5.4]) was found on 24-h mor-
phine consumption (Supplemental digital

content 10: Forest plot of bias effect in the ‘other’
bias domain) 31,34,35,37,38,49,50,52,57,59,62—-64,67,71,76,

78,91-94,96,105-107,109-113,126-128,130,131,135,138,142,143,
147,152,159,164

Serious adverse events

Twenty-six trials reported on incidences
Of SAEs 30,33,45,54,55,60,62,67,68,71,74,78,82,88,89,115,116,

118,120,121,133,137,147,148,151,153 Seven trials found a
total of 69 SAEs, 6768718289147 (whereas 19
RCTs reported no SAEs during the trial per-
iOd.33’45'54'55'60’62'74'78'88'115'116'118’120'121'133'137'148'
151153 The reported SAEs were: death, pneumo-
nia, readmission or prolonged admission to hos-
pital, admission to intensive care unit, respiratory
arrest, atrial fibrillation, vein thrombosis, major
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Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean [mg] SD [mg] Total Mean [mg] SD [mg] Total Weight IV, Random, 95% Cl [mg] IV, Random, 95% CI [mg]
3.93.1 Low risk of bias
Srivastava 2010 25.39 4.48 60 37.58 8.35 60 1.8% -12.19 [-14.59, -9.79] -
Lunn 2015 42.8 38.4 186 50.5 41.4 99 0.9% -7.70 [-17.55, 2.15] 7
Grosen 2014 11.2 21.62 52 17.92 23.55 52 1.0% -6.72 [-15.41, 1.97] 7
Paul 2015 19.7 16.39 48 25.1 14.5 54 1.4% -5.40 [-11.44, 0.64] -
Fassoulaki 2005 203 79 29 25.7 11.2 30 1.5% -5.40[-10.33, -0.47] 1
Misra 2013 24.6 19.6 37 29.15 25.2 36 0.9% -4.55[-14.93, 5.83] -
Waikakul 2011 15.5 9.25 24 18 15.5 24 1.2% -2.50[-9.72, 4.72] -
Short 2012 6.2 4.53 84 7.9 3.8 42 1.8% -1.70 [-3.20, -0.20] 1
Moore 2010 3 3 21 4 5 23 1.8% -1.00 [-3.41, 1.41] hi
Brogly 2008 0 1.48 22 0 4.4 21 1.8% 0.00 [-1.98, 1.98]
Monks 2015 10 11.9 100 10 7.4 97 1.7% 0.00 [-2.76, 2.76]
Ghai 2011 5.44 1.56 30 4.28 1.87 30 1.9% 1.16 [0.29, 2.03]
Paul 2013 27.94 22.99 52 26.77 18.96 49 1.1% 1.17 [-7.03, 9.37] -
Subtotal (95% CI) 745 617 18.7% -3.07 [-5.60, -0.54] L
Heterogeneity: Tau® = 15.11; Chi* = 118.65, df = 12 (P < 0.00001); I = 90%
Test for overall effect: Z = 2.37 (P = 0.02)
3.93.2 Unclear or High risk of bias
Marashi 2012 18.3 156 22 65.7 31 22 0.6% -47.40[-61.90, -32.90] ma—
Panday 2005 59.37 23.17 40 92.47 41.75 20 0.4% -33.10 [-52.76, -13.44]
Clarke 2009a 33.2 20.73 29 63.8 36.5 7 0.2% -30.60 [-58.67, -2.53] s —
Panday 2006 39.19 26.31 125 67.66 25.27 125 1.3% -28.47 [-34.87,-22.07] -
Turan 2003b 16.3 8.9 25 42.8 10.9 25 1.4% -26.50[-32.02, -20.98] -
Durmus 2007 40 0 25 66 0 25 1.4% -26.00 [-31.54, -20.46] -
Gilron 2004 56.78 32.41 23 82.11 48.2 24 0.3% -25.33 [-48.72, -1.94] R
Dierking 2003 43 23.7 40 63 259 40 0.8%  -20.00([-30.88, -9.12] —_
Sava 2009 35.6 14.14 25 54.7 13.02 25 1.2% -19.10[-26.63, -11.57] -
Vasigh 2016 11.9 4.4 38 30.1 0.6 38 1.8% -18.20[-19.61, -16.79] -
Kosucu 2013 25.9 8.3 29 44 11 31 1.5% -18.10[-23.01, -13.19] -
Sen 2009a 31 12 20 48 17 20 1.0% -17.00 [-26.12, -7.88] i
Turan 2003a 27.04 14.44 25 41.96 8.36 25 1.3% -14.92 [-21.46, -8.38] -
Al-Mujadi 2005 15.2 7.6 35 29.5 9 37 1.6% -14.30[-18.14, -10.46] -
Panday 2004a 39.18 2231 80 52.65 21.27 20 0.9%  -13.47 [-24.00, -2.94] -
Hoseini 2015 65.11 11.81 22 78.41 13.3 22 1.2% -13.30 [-20.73, -5.87] -
Metry 2008 16.1 7.7 67 29.2 9.6 34 1.6% -13.10 [-16.82, -9.38] -
Fassoulaki 2006 22 29 30 35 4.8 30 1.8% -13.00[-15.01, -10.99] -
Panday 2004b 40.42 31.26 153 53.03 27.48 153 1.3% -12.61 [-19.21, -6.01] -
Sekhavet 2009 40.1 14.5 49 52.7 21.1 49 1.2% -12.60 [-19.77, -5.43] -
Said-Ahmed 2007 40.5 26.28 60 52 27.5 20 0.6% -11.50 [-25.26, 2.26] I
Ghafari 2009 15.78 1.15 33 26.94 2.28 33 1.9% -11.16 [-12.03, -10.29] .
Khan 2013 13.21 4.71 34 24.31 9.28 35 1.7% -11.10 [-14.56, -7.64] -
Clarke 2014 37 1.5 95 48 1.33 84 1.9% -11.00[-11.41, -10.59] ‘
Khan 2010 20.8 5.72 150 315 9.6 25 1.6% -10.70 [-14.57, -6.83] -
Menda 2010 6 8.5 30 15.1 20 30 1.1% -9.10 [-16.88, -1.32] -
Yoon 2001 24.1 99 16 327 146 16 1.0% -8.60 [-17.24, 0.04] ]
Amr 2009 135 0.5 50 22 2.1 50 1.9% -8.50 [-9.10, -7.90]
Sen 2009b 20 11.5 30 28 11.5 29 1.4% -8.00[-13.87, -2.13] -
Ozgencil 2011 29.47 9.64 30 37.33 9.5 30 1.5% -7.86 [-12.70, -3.02] -
Omran 2006 23.9 2.6 25 315 2.78 25 1.8% -7.60 [-9.09, -6.11] -
Bekawi 2014 0 2.2 30 7.5 0.7 32 1.9% -7.50 [-8.32, -6.68]
Syal 2010 40.2 35.2 30 46.7 35.8 30 0.4% -6.50 [-24.47, 11.47] -1
Joseph 2014 3865 18.04 25 4429 16.02 25 1.0% -5.64 [-15.10, 3.82] -
Abdelmageed 2010 6.6 1.3 30 12.2 1.1 30 1.9% -5.60 [-6.21, -4.99] .
Ucak 2011 9.9 5.38 20 14.94 7.25 20 1.6% -5.04 [-9.00, -1.08] s
Frouzanfard 2013 1.2 0.29 25 5.2 2.8 25 1.8% -4.00 [-5.10, -2.90] .
Raghove 2010 17 7.02 30 20.98 6.32 30 1.7% -3.98 [-7.36, -0.60] =1
Mishra 2016 8.1 1 30 11.9 1.4 30 1.9% -3.80 [-4.42, -3.18] .
Ozcan 2012 15.3 5 20 19 4.2 20 1.7% -3.70 [-6.56, -0.84] e
Deniz 2012 22.2 11.9 25 25.6 105 26 1.3% -3.40[-9.57, 2.77] -T
Vahedi 2011 18.61 9.03 36 21.53 11.3 40 1.5% -2.92 [-7.50, 1.66] =
Doha 2010 39.9 33 30 42.7 36.1 29 0.4% -2.80[-20.47, 14.87] T
Bharti 2012 2.1 22 20 4.9 3.4 20 1.8% -2.80 [-4.57, -1.03] N
Clarke 2009b 33.1 4 76 35 4 39 1.8% -1.90 [-3.44, -0.36] i
Panday 2004c 90.85 34.1 28 9249  41.77 28 0.4% -1.64 [-21.61, 18.33] i —
Badawy 2014 115 2.3 19 13 2.9 19 1.8% -1.50 [-3.16, 0.16] 1
Soltanzadeh 2011 2.5 0.9 30 4 15 30 1.9% -1.50 [-2.13, -0.87]
Mardani-Kivi 2013 2.5 2.3 55 3.7 2.5 53 1.9% -1.20 [-2.11, -0.29]
Takmaz 2007 5.47 3.43 30 6.25 3.44 15 1.8% -0.78 [-2.91, 1.35] T
Khademi 2009 2.83 1.29 44 3.51 1.51 43 1.9% -0.68 [-1.27, -0.09]
Hout 2007 2.36 2.5 23 2.65 3.2 28 1.8% -0.29 [-1.85, 1.27]
Erten 2010 331 098 39 3.56 0.64 20 1.9% -0.25[-0.67, 0.17]
Maleh 2013 2.5 2.6 40 2.7 2.7 40 1.8% -0.20 [-1.36, 0.96]
Parikh 2010 317 203 30 319 19.84 30 0.9% -0.20 [-10.36, 9.96] -
Fassoulaki 2002 23.8 5 25 23.2 5.8 25 1.7% 0.60 [-2.40, 3.60] T
Ménigaux 2004 21 12 20 20 19 20 0.9% 1.00 [-8.85, 10.85] -
Bang 2009 32.07 29.07 23 30.07 28.57 23 0.5% 2.00 [-14.66, 18.66] -
Kim 2004 35.8 20.8 21 33.5 26.1 20 0.6% 2.30[-12.19, 16.79] i
Prabhakar 2007 23.8 5 10 20.04 209 10 1.7% 3.76 [0.40, 7.12] r
Subtotal (95% CI) 2319 1949 81.3% -8.26 [-9.74, -6.79] []
Heterogeneity: Tau? = 24.50; Chi* = 3041.18, df = 59 (P < 0.00001); I* = 98%
Test for overall effect: Z = 10.99 (P < 0.00001)
Total (95% CI) 3064 2566 100.0% -7.31[-8.64, -5.98] []
Heterogeneity: Tau® = 24.65; Chi* = 3337.27, df = 72 (P < 0.00001); I* = 98% + + +
Test for overall effect: Z = 10.76 (P < 0.00001) =50 -25 0 25 50
Test for subgroup differences: Chi* = 12.08, df = 1 (P = 0.0005), I’ = 91.7% Gabapentin Control

Fig. 3. Forest plot of mean difference in 24-h morphine consumption.
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MD 5 mg Power 90% Variance 20.46 SD 4.5 RIS is a Two-sided graph
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Fig. 4. Trial sequential analysis of trials with low risk of bias on 24-h morphine consumption: TSA of the effect of gabapentin on morphine
consumption using the pooled SD of 4.5 mg. An estimated required information size (RIS) of 1919 patients to detect or discard a sparing effect of
5 mg morphine was calculated using the actual diversity between trials of 90%, a random-effects meta-analysis, an o of 0.05, and a 3 of 0.10.
After 13 trials, the cumulative z-curve does cross the traditional boundary for benefit (z = 1.96 or P = 0.05) 95% CI 0.5 to 5.6), but not the trial
sequential boundary for benefit (TSA-adjusted ClI —0.2 to 6.3). In conclusion, the z-curve does not surpass the boundary for benefit and a firm
conclusion cannot be made, however an effect beyond 6.3 mg is unlikely.

bleeding, urticarial rash, pleura effusion, and
atelectasis.

Trials with low risk of bias reporting SAE (for all
trials reporting the outcome, please see Table 1)

The RR of SAE of patients treated with gaba-
pentin vs. placebo was 1.61 (REM: 95% CI
0.91, 2.86; P <0.10; I* = 0%; nine trials, 1014
patients; TSA-adjusted CI 0.57, 4.57; Required
information size: 2408 patients; Accrued per-
centage of required information size: 42%;
GRADE = IOW)30,45,68,82,89,116,133,137,151 (Table 1:
Subgroup analyses and all trial analyses, Fig. 5:
Forest plot of serious adverse events, Fig. 6:
Trial Sequential Analysis of trials with low
risk of bias on serious adverse events, Supple-
mental digital content 11: Trial sequential anal-
ysis of all trials reporting serious adverse
events).

Pain

Trials with low risk of bias (for all trials reporting the

outcome, please see Table 1)

At 6-h post-operatively, pain at rest was not
signiﬁcantly reduced,30,45,6l,68,82,103,133,137,151

whereas pain  during
reduced.30’45’61’68’1°3’ 133,137

mobilization  was

1196

At 24-h post-operatively, neither pain at
rest45,61,68,82,102,103,117,133,136,137,151 nor paln dur_
ing mobilization were significantly reduced
(Table 1: Subgroup analyses and all trial analy-
ses and Supplemental digital content 12-15:
Forest plot of pain intensity 6 and 24 h at rest
and mobilization) 45,61,68,102,103,117,133,137

Adverse effects

Trials with low risk of bias (for all trials reporting the
outcome, please see Table 1)

Risk of nausea, vomiting, sedation, and risk of
dizziness were not significantly different
between groups (Table 1: Subgroup analyses
and all trial analyses and Supplemental digital
content 16-19: Forest plot adverse events: nau-
sea, vomiting, sedation, and dizziness).

Other studies

Three mnon-randomized clinical studies
were included for the evaluation of harm and
reported one patient with delirium and three
with urinary retention in the control groups. In
the gabapentin groups, the following adverse
effects were reported: One patient with numb-
ness of fingers, tongue, and mouth, three

154-156

Acta Anaesthesiologica Scandinavica 60 (2016) 1188-1208

© 2016 The Acta Anaesthesiologica Scandinavica Foundation. Published by John Wiley & Sons Ltd



GABAPENTIN FOR POST-OPERATIVE PAIN MANAGEMENT

Gabapentin Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
3.59.1 Low risk of bias
Bartholdy 2006 7 38 3 38 12.4% 2.33[0.65, 8.36] T
Brogly 2008 0 22 0 21 Not estimable
Grosen 2014 13 52 8 52 29.3% 1.63 [0.74, 3.59] T
Kinney 2011 4 57 5 63 12.6% 0.88[0.25, 3.13] -
Lunn 2015 6 183 1 91 4.8% 2.98 [0.36, 24.41]
Paul 2013 0 52 0 49 Not estimable
Short 2012 0 84 0 42 Not estimable
Srivastava 2010 0 60 0 60 Not estimable
Waikakul 2011 0 26 0 24 Not estimable
Subtotal (95% CI) 574 440 59.2% 1.61 [0.91, 2.86] -
Total events 30 17
Heterogeneity: Tau® = 0.00; Chi* = 1.52, df =3 (P = 0.68); I’ = 0%
Test for overall effect: Z=1.64 (P = 0.10)
3.59.2 Unclear and High risk of bias
Ajori 2011 0 69 0 69 Not estimable
Dierking 2003 0 39 0 32 Not estimable
Dirks 2002 0 31 0 34 Not estimable
Fassoulaki 2002 0 25 0 25 Not estimable
Fassoulaki 2006 0 30 0 30 Not estimable
Gilron 2004 1 20 2 22 3.9% 0.55[0.05, 5.61]
Hout 2007 1 28 0 28 2.1% 3.00[0.13, 70.64]
Kavitha 2013 0 28 0 28 Not estimable
Khan 2013 0 34 0 35 Not estimable
Lichtinger 2011 0 20 0 20 Not estimable
Pathak 2013 0 40 0 40 Not estimable
Prabhakar 2007 0 20 0 20 Not estimable
Raghove 2010 0 30 0 30 Not estimable
Rajendran 2014 0 30 0 30 Not estimable
Ucak 2011 7 20 1 20 34.7% 0.64 [0.31, 1.30] — &
Vahedi 2011 0 36 0 40 Not estimable
Zaldivar Ramirez 2011 0 18 0 16 Not estimable
Subtotal (95% CI) 518 519 40.8% 0.67 [0.35, 1.32] & .o
Total events 9 13
Heterogeneity: Tau? = 0.00; Chi? = 0.94, df =2 (P = 0.63); I = 0%
Test for overall effect: Z=1.15 (P = 0.25)
Total (95% CI) 1092 959 100.0% 1.14 [0.71, 1.81]
Total events 39 30
Heterogeneity: Tau? = 0.03; Chi* = 6.43, df =6 (P = 0.38); I’ = 7% ! t ‘ t 1
0.01 0.1 1 10 100

Test for overall effect: Z=0.54 (P = 0.59)
Test for subaroup differences: Chi2 = 3.78, df =1 (P = 0.05), I = 73.5%

Fig. 5. Forest plot of serious adverse events.

patients with urinary retention, and one patient
feeling jittery.

The small trial size effect on primary
outcomes

One hundred and nineteen trials had less than

50 patients in each group and were defined as
small tI.ials.30732,34-—47,49,50,52767,70781,83788,90792,94f

101,103-109,111,112,114-120,122-136,138,139,141-153,158-163

Thirteen trials had more than 50 patients
included in each
33,48,51,68,82,89,93,102,110,113,137,140,157 Only

group.
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Favours gabapentin Favours control

four trials included more than 200 patients in
their trial.89’110’113’140

In a post hoc sensitivity analysis, the effect of
small trial size on 24-h morphine consumption
showed a reduction of 1.1 mg (REM: —0.5, 2.6;
P = 0.18; I* =62%; 9 trials; 656 patients) in trials
with low risk of bias (Supplemental digital con-
tent 20: post hoc analysis of small trial size
effect on 24-h morphine consumption in trials
Wlth lOVV risk Of bias).45'61'65'98'103'1 16,117,133,151

In trials with low risk of bias, the post hoc
sensitivity analysis of small size trial effect on
SAE demonstrated a risk ratio of 2.33 (REM:
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Fig. 6. Trial sequential analysis of trials with low risk of bias on serious adverse events: Trial sequential analysis (TSA) of gabapentin vs. controls
in nine trials with low risk of bias reporting serious adverse events, including zero-events trials with a required information size (RIS) of 3139
patients to detect or discard a RRR of 50% and a diversity of 0%. o = 0.05 and B = 0.10 (power 0.90). The number of accrued patients is 1014 and
the TSA-adjusted confidence interval for the RR of patients with one or more SAE is 1.61 [0.57 to 4.57]. In conclusion, the z-curve does not cross
the boundary for harm or reach futility area and a firm conclusion cannot be made.

0.65, 8.36; P = 0.19; 5 trials; 396 patients) (Sup-
plemental digital content 21: post hoc analysis

of small size trial effect on SAE in trials with
low risk of bias).>%#3-116:133.151

Numbers needed to treat and no more than
mild pain

Data from all trials on numbers needed to treat
and no more than mild pain calculations were
extracted post hoc. None of the included ran-
domized controlled trials planned to analyze or
reported number needed to treat. Only one trial
reported data on no more than mild pain
defined as NRS < 3.'°!

Discussion

Based on trials with overall low risk of bias, the
benefits of perioperative gabapentin seems
almost absent. The TSA of opioid requirements
demonstrate that the accrued information size is
only about two-thirds of that required for firm
evidence, and the trial sequential boundary for
benefit is not crossed. The GRADE-rated quality
of evidence is low. Serious adverse events are

poorly reported, and the incidence may increase
with use of gabapentin.

Strength and limitations of the study

Our systematic review has several strengths. It
was based on a PROSPERO pre-study regis-
tered protocol and is compliant with the
Cochrane methodology and reported according
to PRISMA. We applied a comprehensive litera-
ture search with no language restrictions, inde-
pendent screening of all titles, and data
extraction and bias assessment by two authors.
The risk of random errors was evaluated using
TSA on all outcomes. Bias evaluation assessed
risk of systematic error, and conclusions were
presented using GRADE to document the liabil-
ity of our findings.

The limitations of our review mirror the limi-
tations of the included trials. The vast majority
of trials were classified as unclear or high risk
of bias, and trial size was small leading to high
risk of imprecision. A minority of the included
trials reported on SAE, thus limiting reliable
conclusions. Heterogeneity of reporting was pre-
sent. Trials were included regardless of dose or

Acta Anaesthesiologica Scandinavica 60 (2016) 1188-1208
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duration, type of surgery, and type of additional
analgesics. Furthermore, different opioid anal-
gesics were converted to their morphine-equiva-
lent dose, which may have introduced
heterogeneity and imprecision of the results.

The different pain intensity scores were all con-
verted to VAS range of 0 to 100 mm, implying
some imprecision of the outcomes. However, the
sensitivity analyses did not indicate differences
between trials where pain scores were converted
to VAS, and trials where VAS was reported.

The limitations in choosing 24-h opioid con-
sumption as an outcome are the use of mean,
standard deviation, or standard error, despite
the non-Gaussian distribution and the use of
parametric statistics.'®® The outcome is classified
as indirect according to GRADE recommenda-
tions and the results on 24-h opioid consump-
tion have been downgraded accordingly.

Strength and weakness in relation to other
reviews

A number of systematic reviews with meta-ana-
lyses on gabapentin for post-operative pain
treatment have previously been published.'®®"
170 Most reported a more favorable outcome for
gabapentin treatment, including reduced opioid
consumption, pain levels, and opioid-related
adverse effects, than the present review. Dole-
man et al. found in a recently published review,
an opioid-reducing effect of gabapentin similar
to the all trials estimate from the present review,
but the authors did not focus on best evidence
defined as trials with low risk of bias and did
not address harmful effects of gabapentin.'”’
The authors hypothesized that their results may
be due to a small trial size effect. Post hoc anal-
yses on the small trial size effect in meta-analy-
sis of trials included in the present review could
not confirm this hypothesis. We did, however,
find a bias effect in 24-h opioid consumption,
which is greatest in the ‘other’ bias domain.
This indicates that conclusions based on all tri-
als, including trials with unclear or high risk of
bias, may lead to an overestimation of benefits
and underestimation of adverse effects from
intervention with gabapentin perhaps due to
outcome reporting bias and other bias, e.g.
financial or confirmatory bias®*!. The present
review uses a systematic review methodology

Acta Anaesthesiologica Scandinavica 60 (2016) 1188-1208

including GRADE-rated recommendations based
on high-quality trials.

Impact of the study

The bias effect on the primary outcome of 24-h
morphine consumption was explored on each of
the seven bias domains and in the funnel plot.
Analyses of trials with low risk of bias demon-
strate a clear bias impact on this outcome pri-
marily based on risk of ‘other bias’, as this bias
domain showed a relatively large difference in
morphine consumption between the trials with
‘low risk of bias ‘and the trials with ‘unclear or
high’ risk of bias. The ‘other’ bias domain
includes confirmatory bias and funding bias,
and especially lack of information regarding
funding is an issue in a large number of the
included trials. This bias effect was not demon-
strated for any other domains.

TSA on trials with low risk of bias demon-
strated that neither boundaries for benefit or
futility were crossed for detecting a predefined
clinically relevant reduction of morphine con-
sumption of 5 mg. The TSA of 24-h morphine
consumption for all trials, including trials with
high and unclear risk of bias, showed a statisti-
cally significant reduction, which may be a
result of bias. Consequently, there is not enough
information in the trials with low risk of bias to
establish firm evidence for either the presence
or absence of a clinically relevant morphine
sparing effect with gabapentin.

The morphine sparing effect of combining
gabapentin with other analgesics appears even
less. It is close to absent in the trials with low
risk of bias with less effect than 5 mg and a
TSA-adjusted CI (—0.4 to 2.8 mg), which is
hardly clinically relevant.

Trials with low risk of bias found a reduction
in pain intensity at mobilization 6-h post-opera-
tively. Gabapentin reduced pain levels both 6
and 24 h after surgery in all trials.

Trials with low risk of bias indicated excess
of SAEs in the gabapentin group and report
twice as many SAEs compared to trials with
unclear and high risk of bias. The pooled analy-
sis of all trials reporting SAEs was inconclusive.
However, the analysis was influenced by trials
of poor quality with high risk of systematic
error. TSA widened the confidence intervals of
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the conventional meta-analysis and the cumu-
lated z-curve reached the futility area. The fol-
low-up period in the majority of trials was
short, typically 24 h, which may increase the
risk of underestimating incidences of SAEs. The
included non-randomized studies did not report
previously undescribed SAEs.

The adverse effects nausea and vomiting were
not reduced with gabapentin in trials with low
risk of bias, but reduced in all trials. Risk of
sedation and dizziness were not increased in the
trials with low risk of bias. In all trials, the risk
of sedation was increased in the gabapentin
group. However, reporting of adverse events in
the trials with high or unclear risk of bias was
only one half of that reported in trials with low
risk of bias, and a high percentage of the trials
achieved a high risk of ‘reporting bias’ because
of incomplete reporting of the adverse effects
although intentionally declared in their method
section. Furthermore, most trials only reported
on adverse effects for a short period post-opera-
tively, which may be insufficient for a full evalu-
ation. The inconsequent and diverse reporting of
adverse events complicates a reliable evaluation.

Conclusion

GRADE assessment of the primary outcome from
trials with low risk of bias show that the
evidence for perioperative gabapentin treatment
is of low or very low quality due to imprecision
and inconsistency and for some outcomes
indirectness. The SAEs were poorly reported lim-
iting our ability to conclude. The reduction in 24-
h morphine consumption is apparently less than
the predefined minimal clinical effect of 5 mg,
and as add-on therapy, the beneficial effect seems
non-existent. Firm evidence for the use of gaba-
pentin in post-operative pain management is
lacking. Thus, clinically relevant beneficial effect
of gabapentin seems absent and harm is pending.
Future trialists must ensure that their trials can
be classified as low risk of bias, have sufficient
power to detect relevant beneficial effects, and
explore the risks of harmful effects.

Systematic review registration

PROSPERO
13006538.

registration number: CRD420
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