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Abstract

Pregabalin has demonstrated anti-hyperalgesic properties and was introduced into acute pain treatment in 2001. Our aim
was to evaluate the beneficial and harmful effects of pregabalin in postoperative pain management. We included random-
ized clinical trials investigating perioperative pregabalin treatment in adult surgical patients. The review followed Cochrane
methodology, including Grading of Recommendations Assessment, Development, and Evaluation (GRADE), and used trial
sequential analyses (TSAs). The primary outcomes were 24 h morphine i.v. consumption and the incidence of serious ad-
verse events (SAEs) defined by International Conference of Harmonisation Good Clinical Practice guidelines. Conclusions
were based primarily on trials with low risk of bias. Ninety-seven randomized clinical trials with 7201 patients were
included. The 24 h morphine i.v. consumption was reported in 11 trials with overall low risk of bias, finding a reduction of
5.8 mg (3.2, 8.5; TSA adjusted confidence interval: 3.2, 8.5). Incidence of SAEs was reported in 21 trials, with 55 SAEs reported
in 12 of these trials, and 22 SAEs reported in 10 trials with overall low risk of bias. In trials with overall low risk of bias, Peto’s
odds ratio was 2.9 (1.2, 6.8; TSA adjusted confidence interval: 0.1, 97.1). Based on trials with low risk of bias, pregabalin may
have a minimal opioid-sparing effect, but the risk of SAEs seems increased. However, the GRADE-rated evaluations showed
only moderate to very low quality of evidence. Consequently, a routine use of pregabalin for postoperative pain treatment
cannot be recommended.
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Pregabalin was synthesized in 1991 and approved for the treat-
ment of neuropathic pain and refractory epilepsy in 2004 and
2005.1 It is one of two available a2-d ligands, pregabalin and

gabapentin, known as the gabapentinoids. Pregabalin and gaba-
pentin share a similar mechanism of action, and the use of gaba-
pentinoids in experimental pain models has demonstrated anti-

Editorial decision: June 12, 2017; Accepted: June 19, 2017

VC The Author 2017. Published by Oxford University Press on behalf of the British Journal of Anaesthesia. All rights reserved.
For Permissions, please email: journals.permissions@oup.com

775

British Journal of Anaesthesia, 119 (4): 775–91 (2017)

doi: 10.1093/bja/aex227

Advance Access Publication Date: 6 September 2017

Review Article

Downloaded from https://academic.oup.com/bja/article-abstract/119/4/775/4106297/Benefit-and-harm-of-pregabalin-in-acute-pain
by John Vogel
on 07 October 2017

iAnnotate User
Highlight

iAnnotate User
Underline



hyperalgesic analgesic effects. This effect is mediated through
binding to a2-d subunits in presynaptic voltage-gated calcium
channels, thereby inhibiting calcium influx and the subsequent
release of excitatory neurotransmitters.2 Differences between
gabapentin and pregabalin are mainly related to pharmacokinetic
and pharmacodynamic characteristics,3 4 and pregabalin has a
faster onset time and a more predictable absorption profile than
gabapentin.5

Although pregabalin is frequently used for treatment of vari-
ous chronic pain states, evidence of a beneficial effect is incon-
clusive, and the incidence of adverse events may be increased.6 7

The first trial on pregabalin for acute pain treatment was pub-
lished in 2001, and since then the literature has continued to
suggest a beneficial effect of pregabalin in acute postoperative
pain management. Furthermore, an increasing number of
systematic reviews with meta-analyses have been published
suggesting that pregabalin has both opioid-sparing and pain-
reducing effects.8–10 However, the published reviews have only
limited focus on the risk of random and systematic errors, and
the possible introduction of serious adverse events (SAEs) is
sparsely investigated.

The aim of this systematic review, therefore, was to evaluate
24 h opioid consumption, SAEs, pain intensity, and adverse
events of perioperative pregabalin compared with placebo or ac-
tive placebo in adult surgical patients from randomized clinical
trials. The results and conclusions were primarily based on
meta-analyses of the best evidence defined as trials with overall
low risk of bias, and the risk of random error was explored using
trial sequential analyses (TSAs) on all outcomes. Finally, the re-
sults were evaluated and graded according to their quality of
evidence using the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) methodology.11

Methods
Search, eligibility criteria, and study selection

This PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses)-compliant systematic review followed
the methodology recommended by the Cochrane Collaboration.
The review protocol was published at the homepage of the
International Prospective Register of Systematic Reviews
(PROSPERO): https://www.crd.york.ac.uk/PROSPERO/ (accessed
August 15, 2017).12

Literature search
The search was planned and carried out by a trial search coord-
inator searching the Cochrane Library’s CENTRAL, PubMed,
EMBASE, and Science Citation Index Expanded databases for eli-
gible trials using the search terms and MeSH descriptors
‘amines’, ‘gamma-aminobutyric acid’, ‘pregabalin* or lyrica*’

and ‘pain’. Published systematic reviews and articles were hand
searched for eligible trials. We searched for unpublished trials
in: www.clinicaltrials.gov; www.controlled-trials.com; www.cen
terwatch.com; www.eudraCT.com, and at the homepage of the
US Food and Drug Administration (FDA). Non-indexed journals
and their published articles were found by searching Google
Scholar. The electronic search was last updated on October 28,
2016 (Supplementary Appendix S1).

Inclusion criteria
We included randomized clinical trials evaluating pregabalin for
postoperative pain management vs a placebo or an active pla-
cebo that imitates the sedative effect of pregabalin. Participants
were adult (�18 yr) surgical patients who received pregabalin,
regardless of dosage, administration intervals, duration of inter-
vention, and surgical procedure. All trials, irrespective of lan-
guage, publication status, and year of publication, were
included. Non-English trials were translated into English.
Exclusion criteria were non-randomized trials, non-surgical pa-
tients, experimental pain models, pregabalin treatment for
chronic pain conditions, and analgesic co-interventions that
were different in the compared groups. Two authors (M.L.F. and
C.S.) screened the title and abstracts for eligibility using the pre-
defined inclusion and exclusion criteria.

Data extraction
Two authors assessed full texts independently; M.L.F. (all trials)
and one other author (C.S., S.K., A.G., P.J., P.L.P.) extracted data
and assessed bias using a data extraction form. The extracted
data included the following: participant and trial characteristics,
such as publication year, number of participants, surgical pro-
cedure, follow-up period, pregabalin dose administration regi-
men, opioid consumption and consumption of non-opioid
analgesics, pain intensity, any adverse event, and SAEs.

If data were missing or bias evaluation was classified as un-
clear in one or more domains, the corresponding author for the
trial was contacted to confirm or obtain data. After a 14 day
interval, authors were contacted again if they did not respond to
initial contact.

Risk of bias classification

All included trials were evaluated using the Cochrane Handbook
risk of bias classification guidelines. Random sequence gener-
ation, allocation concealment, blinding, incomplete outcome
data, selective outcome reporting, and other bias, including fi-
nancial and confirmation bias, were independently evaluated
by two authors.13 Bias domains were classified as high, unclear,
or low risk of bias. If one or more domains were classified as
high risk of bias, the overall bias classification was high.14 If one
or more bias domains were deemed unclear, the trial was classi-
fied as overall unclear risk of bias, and the trial was pooled to-
gether with trials with high risk of bias in meta- analyses and
subgroup analyses. Conclusions in the review were based on tri-
als with low risk of bias according to protocol.12

Any disagreements in screening, study selection, data extrac-
tion, or bias assessments were resolved by O.M., J.B.D., or J.W.

Outcomes

The review had two co-primary outcomes: 24 h i.v. opioid con-
sumption and SAE defined according to the International
Conference of Harmonization Good Clinical Practice (ICH-GCP)
definitions as medical events being life threatening, resulting in

Editor’s key points

• The authors examined the evidential support for the

use of pregabalin in postoperative pain relief.
• They performed a systematic review and meta-analysis,

including 97 trials, with >7000 subjects.
• Analysis revealed low-quality evidence overall, and the

use of pregabalin in the postoperative period for relief

of surgical pain could not be recommended.
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death, disability, or significant loss of function; causing hospital
admission or prolonged hospitalization.15 The secondary out-
comes were pain intensity at rest and mobilization 6 and 24 h
after surgery, and any adverse events reported.

All opioids were converted to morphine i.v. based upon
equivalency (Supplementary Appendix S2). All pain intensity
scales reporting pain levels between 0 and 10 were converted to
the visual analog scale (VAS) 0–100 mm.

Statistical analyses

We used the Review Manager (RevMan, Version 5.1.6;
Copenhagen: The Nordic Cochrane Centre, The Cochrane
Collaboration, 2014) for the statistical analyses as predefined in
the protocol. The trial sequential analysis (TSA) program ver-
sion 0.9 beta (www.ctu.dk/tsa) was used for trial sequential ana-
lyses on all outcomes.

In trials with more than one treatment arm, we combined
means and standard deviations in the intervention groups.16

Median and range values were converted to mean and standard
deviations using the method described by Hozo and col-
leagues.17 Interquartile ranges were divided by 1.35 to define the
standard deviation.18 Long ordinal scales were analysed as con-
tinuous data. The risk ratio (RR) with a 95% confidence interval
(CI) was calculated for dichotomous data.18

To assess whether the observed differences in results are
compatible with chance alone, we used the v2 test to examine
the heterogeneity between trials. The heterogeneity was as-
sessed by I2, which quantifies the observed differences, and D2

for information size adjustments in the trial sequential
analyses.

Whenever I2 was >0, the results were calculated with both
fixed effect model (FEM) and random effect model (REM), and
the most conservative estimate was used.18 19 In the event of
rare and few adverse events, Peto’s odds ratio (OR) was used to
provide the best CI coverage.16 20 21

In order to explore heterogeneity, the following preplanned
subgroup analyses were used to investigate the risk of bias in
low vs unclear and high risk of bias: Pain intensity at rest vs dur-
ing mobilization; pain intensity at 6 h postoperative vs 24 h post-
operative; single dose pregabalin vs multiple doses of
pregabalin; and add-on treatment (trials investigating pregaba-
lin added to other non-opioid analgesics vs trials investigating
pregabalin without any other non-opioid analgesics). It was our
hypothesis that estimates from subgroups with low risk of bias,
pain at rest and late pain, and pregabalin as add-on treatment
would be lower than those from the corresponding subgroups.

We used sensitivity analyses to explore whether choice of
summary statistics and choices made through the review pro-
cess, such as selection of event category, were critical for the
conclusions of the meta-analyses.

Trial sequential analysis was used to evaluate the risk of
type 1 and type 2 errors, with 5 and 90% adjustment of the CIs
because of sparse data and repetitive testing in the cumulative
meta-analyses.19 22 If the accrued information size was <5% of
the required information size, using the TSA was not possible
because of an insufficient amount of data.

Our a priori definition of a minimal clinical relevant effect in
24 h opioid consumption was morphine 5 mg i.v. This minimal
clinical relevant effect was chosen to detect even a small benefi-
cial effect with regard to previous systematic reviews of prega-
balin and a recent review of gabapentin that demonstrated an
opioid-sparing effect of <10 mg.8 12 23 The relative risk reduction
was set to 30% for adverse events and 50% for SAEs in the TSA.

Trial size

This post hoc analysis explored the effect of small sized trials on
primary outcomes. The trials were divided according to the fol-
lowing definition:�50 patients in each group, >50–100 patients
in each group, and �100 patients in each group.

Grading of recommendations assessment, development,
and evaluation

Grading of recommendations assessment, development, and
evaluation (GRADE) was used to rate the quality of evidence and
strength of recommendations for all outcomes in the systematic
review. Every outcome was graded as follows: very low, low,
moderate, or high quality of evidence using the following pre-
specified domains: study design, risk of bias, inconsistency (of
results across trials), imprecision (sample size, number of
events, size of CI), indirectness (generalizability of results), and
other considerations. According to our protocol, the conclusions
were based on estimates from trials classified as overall low risk
of bias. The recommendations are presented in summary of
findings tables.11

Results

The number of trials screened, assessed for eligibility, and
included in the review is presented in the PRISMA flow chart
(Fig. 1). One hundred and thirty-four articles were considered for
full-text evaluation of the review. We excluded 37 trials because
of chronic pain conditions, non-surgical procedures, different
analgesic co-interventions, age <18 yr, double publications,
intervention initiated >48 h before surgery, observational
methodology, study population of healthy adults, abstracts
without reply from authors, and a trial that investigated
gabapentin.

Trial characteristics

A total of 97 randomized clinical trials with 7201 patients were
included in the systematic review.24–120 Perioperative analgesic
treatment with a single dose of pregabalin was investigated in
69 trials, and dosage ranged from 50 to 300 mg.24–32 34 38–41 45–50

56 57 59–62 64–66 68 69 72 76 78 80–88 91 94 96 99–106 111–117 120 In treat-
ments with more than one dose of pregabalin, accumulated
doses ranged from 100 to 600 mg day�1 in 28 trials.33 35–38 42 43 51–

53 55 60 63 67 70 71 73–75 79 89 90 92 93 95 97 98 107–110 118 119 Postoperative
follow-up time varied from 6 h to 1 yr, with the most common
period being 24 h (n¼39).24 25 27–33 39 40 45 47 48 50 51 56 57 59 61 64–66 68

69 72 76 81 83 84 86–88 90 93 94 99–101 103–108 112 119 120

The number of patients included in each trial ranged from 26
to 228. Various surgical procedures were investigated, with the
majority of trials using general anaesthesia for the included
patients (n¼73; Supplementary Appendix S3).24–27 29 30 32–36 39 41–

43 45–48 50–57 59–66 68–71 73–75 78––85 87 88 92–94 96–98 100 106 108–113 115 116

119 120

Bias assessment

Twenty trials were classified as having overall low risk of bias.26

34 35 56 63 69 70 77 83 85–87 89 92 94 98 108 111 117 118 Forty-two trials
were classified as overall unclear risk of bias,24 25 28 30 33 37 39–44

46 48 49 54 57 59 60 67 72 78–81 88 91 93 95 96 99–101 103 104 110 112 115 119 120

and 35 trials were classified as having an overall high risk of
bias.27 29 32 36 38 45 47 50–53 55 61 62 64–66 68 71 73–76 82 84 90 97 102 105–107

109 113 114 116
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Allocation concealment and selective outcome reporting
were the most frequent reasons for unclear and high risk of bias
assessments (Fig. 2 and Supplementary Appendix S4).

Morphine consumption

The 24 h morphine consumption was reported in 11 trials with
overall low risk of bias.26 70 83 86 87 92 94 98 108 111 118 The reported
data found a reduction in 24 h morphine consumption of 5.8 mg
[REM 95% CI: 3.2, 8.5; P<0.0001; TSA adjusted (adj.) 95% CI: 3.2, 8.5;
trials 11; 705 participants; percentage of required information size:
127.5%; GRADE: low]. Results from all trials estimates are pre-
sented in Table 1, Figs 3 and 4 and Supplementary Appendix S5.

Add-on effect
In the subgroup analyses of pregabalin as add on to a non-
opioid, basic analgesic regimen, the analyses found a mean re-
duction of 24 h morphine consumption of 3.7 mg (REM 95% CI:
1.5, 6.0; P¼0.0009; TSA adj. 95% CI: 1.5, 6.0; nine trials; 585 partici-
pants; percentage of required information size: 185.7%; GRADE:
low; Supplementary Appendix S6).70 86 87 92 94 98 108 111 118

No add-on effect
One trial with overall low risk of bias investigating pregabalin
without other non-opioid analgesics reported a reduction in
24 h morphine consumption of 13.7 mg (REM 95% CI: 9.6, 17.8;
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Fig 1 PRISMA flowchart.
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P¼<0.00001; TSA adj. 95% CI: 9.6, 17.8; two trials; 120 partici-
pants; percentage of required information size: 54.0%; GRADE:
low; Supplementary Appendix S7).26 83

Single dose vs multiple dose treatments
In the subgroup analyses exploring the effect of a single dose of
pregabalin on 24 h morphine consumption, six trials with over-
all low risk of bias found a reduction of 10.1 mg (REM 95% CI: 2.4,
18.0; P¼0.01; TSA adj. 95% CI: �21.3, 41.5; six trials; 399 partici-
pants; accrued percentage of required information size 15.1%;
GRADE: low).26 83 86 87 94 111 Five trials with overall low risk of
bias investigating multiple dose administration of pregabalin
found a reduction of 2.4 mg (REM 95% CI: 0.5, 4.9; P¼0.01; TSA
adj. 95% CI: 0.5, 4.9; five trials; 306 participants; percentage of
required information size 66.7%; GRADE: low; Supplementary
Appendix S8).70 92 98 108 118

Serious adverse events

The incidence of SAEs was reported in 21 trials.34–36 49 52 53 59 77

83 86–88 96 98 106 108–110 114 117 118 A total of 55 SAEs were reported
from 13 trials, and 22 of these were reported in 10 trials with low
risk of bias.34 35 77 83 86 87 98 108 117 118 Eight trials reported zero
events.34 49 83 86 96 106 108 114 The reported SAEs were as follows:
re-admission to hospital, prolonged hospital stay, postponed
operation because of sedation from pregabalin, allergic reaction,
stroke, pulmonary embolism, myocardial infarction, acute kid-
ney injury, pneumonia, wound infection, bleeding or haema-
toma, and death.

In trials with overall low risk of bias, the RR of SAEs was 2.9
(FEM 95% CI: 1.2, 6.8; P¼0.02; TSA adj. 95% CI: 0.1, 97.1; 10 trials;
730 participants; percentage of required information size: 8.8%;
GRADE: moderate; Table 1 and Fig. 5).34 35 77 83 86 87 98 108 117 118

Single dose vs multiple dose treatments
In trials with low risk of bias administrating pregabalin as a sin-
gle dose, the reported risk of SAE was 1.6 (Peto’s OR 95% CI: 0.3,
9.5; P¼0.63; TSA adj. 95% CI: –; four trials; 243 participants; per-
centage of required information size: <5%; GRADE: very low).34

83 86 87 The RR in trials with multiple administrations of pregaba-
lin was 3.4 (Peto’s OR 95% CI: 1.3, 9.2; P¼0.01; TSA adj. 95% CI:

0.1, 190.7; six trials; 487 participants; percentage of required in-
formation size: 5.8%; GRADE: moderate; Supplementary
Appendix S9).35 77 98 108 117 118

Pain intensity

Early pain intensity at 6 h after surgery during mobilization and
late (24 h) pain intensity at rest or mobilization was not signifi-
cantly reduced. The meta-analysis of VAS 6 h after surgery at
rest found a reduction in pain intensity (Table 1 and
Supplementary Appendices S5 and S10–S13).

Adverse events

The risks of nausea, sedation, and headache were not signifi-
cantly different between groups. Trials reporting on postopera-
tive nausea and vomiting (PONV) indicated a reduction in the
pregabalin group compared with the controls, whereas there
might be an increase in incidence of vomiting, dizziness, and
visual disturbance in the pregabalin groups compared with con-
trol groups. (Table 1 and Supplementary Appendices S5 and
S14–S20).

Small trial effect

This post hoc analysis showed that out of the 97 included trials,
91 were classified as small trials, with �50 patients in each
group.24–34 36 38–41 43 45–57 59–76 78–88 90–96 98–108 110–120 Five trials
included between 50 and 100 patients in each group,35 44 89 97 109

and only one trial had >200 patients included.37

Of all of the trials reporting 24 h morphine consumption,
only one trial had >50 participants in each group.44 In trials re-
porting SAEs, one trial had >50 participants in each group.35

Discussion

Based on the trials with overall low risk of bias, there may be a
beneficial, but small, effect of pregabalin in postoperative pain
management. The predefined minimal clinical relevant differ-
ence of 5 mg for 24 h morphine consumption was demonstrated
as the trial sequential boundary for benefit was crossed. Only
few trials reported on SAEs, limiting our ability to draw firm

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome date (attrition bias)

Selective reporting (reporting bias)

Other bias

0%

Low risk of bias Unclear risk of bias High risk of bias

25% 50% 75% 100%

Fig 2 Bias graph of the six bias domains. The ‘other bias’ domain consists of a financial and confirmatory bias assessment.
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conclusions concerning these results. The estimates indicate an
increased incidence of SAEs in the pregabalin group compared
with controls, especially in trials with more than one adminis-
tration of pregabalin. Pain scores and most adverse events did
not differ significantly between groups except for early pain in-
tensity at rest, which was significantly reduced, and risk of diz-
ziness, vomiting, and visual disturbance, which was increased;
however, the TSAs did not reach firm evidence.

Relationship to other reviews

Other recent systematic reviews with meta-analyses have
investigated beneficial and harmful effects of pregabalin on
acute pain after surgery.8 10 Eipe and colleagues10 included 43
randomized controlled trials in their systematic review and
investigated perioperative pregabalin with a special focus on
dose–response, and on pro-nociceptive vs non-nociceptive pain,
thereby making it difficult to compare with the outcomes of the
present review. They found a similar small number of studies
with low risk of bias as in the present review, although this was
not accounted for in their analyses. Mishriky and colleagues8

conducted a systematic review and found a significant reduc-
tion in 24 h morphine consumption (8.27 mg; 95% CI: 6.47, 10.08)
based on all trials regardless of bias and similar to the all trials
estimates from the present review (10.8 mg; 95% CI: 8.5, 13.2).
The results from our subgroup analyses (Table 1) indicated an
overestimation of beneficial effects and underestimation of
harmful effects in trials with unclear and high risk of bias com-
pared with those with low risk of bias. Mishriky and colleagues8

did explore the bias effect and found no effect from removal of
trials with uncertain risk of bias. However, they explored differ-
ent outcomes from those in our review, thus making it difficult
to draw a direct comparison of primary outcomes and bias ef-
fects between reviews.

The present review is, to our knowledge, the first and cur-
rently the largest systematic review investigating both benefit
and harm of pregabalin for postoperative pain management
while assessing and addressing the risk of both random and
systematic error (see Table 2 for an overview of recent pregaba-
lin trials and differences in outcome presentations for further
details).

Impact of analyses

Our a priori definition of a minimal clinical relevant effect in 24 h
opioid consumption was 5 mg of morphine i.v. This predefined
estimate was chosen based on previous systematic reviews of
gabapentin indicating that the opioid-sparing effect of gabapen-
tin was <10 mg.23 121 Consequently, in order not to ignore any
clinical relevant difference in the meta-analyses, the cut-off
was set to 5 mg. It may, however, be argued that 5 mg is too
small or irrelevant in a clinical setting. None of the CIs reached
10 mg, excluding an effect of >10 mg morphine if this was to be
a minimal clinical relevant morphine-sparing effect.

The morphine-sparing effect in trials investigating pregaba-
lin as part of multimodal regimens was slightly less than that of
the predefined minimal clinical relevant difference, whereas
the treatment with pregabalin without other non-analgesics
indicated a morphine-sparing effect >10 mg; however, we found
only two trials with low risk of bias in this group. The use of pre-
gabalin in more than one dose treatment compared with a sin-
gle dose treatment does not seem to increase the opioid-sparing
effect of pregabalin. The reduction in 24 h morphine consump-
tion was generally lower in estimates for trials with low risk of
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bias compared with all trials that also included trials with un-
certain and high risk of bias, thus confirming that trials with
high risk of systematic errors often overestimate beneficial
effects.

The incidence of SAEs may be increased in the pregabalin
group compared with the controls especially in trials with more
than one administration of pregabalin. SAEs were, however,
very poorly reported, and only 21 trials reported this outcome.
Data did not allow for designation of specific types of patients
or surgeries with increased risk. A little more than half of the
included trials reported SAEs in the published manuscripts, and
the rest found none during their follow-up. The very diverse, in-
complete registering, short follow-up and reporting of SAEs lim-
its the reliability of our results. However, it does seem that an

increased incidence of SAEs is present in the pregabalin group,
and the risk may increase with more than one dose treatment
of pregabalin.

For trials investigating the effect of pregabalin on early and
late pain intensity at rest and mobilization, we cannot rule out a
reduction in pain intensity scores, as the required information
size was not reached in any of the TSAs. However, the TSA esti-
mates for pain do not indicate a reduction in beneficial
outcomes.

The reporting of adverse events was diverse, with similar
limitations to the SAE outcome. This problem of incomplete ad-
verse event reporting has recently been addressed and con-
firmed in another review.122 The present analyses indicate that
pregabalin treatment was associated with increased levels of
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Study or subgroup

Heterogeneity: Tau2=52.47; Chi2=499.35, df=25 (P<0.00001); I2=95%
Test for overall effect: Z=8.04 (P<0.00001)

Heterogeneity: Tau2=43.15; Chi2=723.16, df=36 (P<0.00001); I2=95%

Test for subgroup differences: Chi2=10.46, df=1 (P=0.001); I2=90.4%
Test for overall effect: Z=8.97 (P<0.00001)

Heterogeneity: Tau2=11.27; Chi2=65.97, df=10 (P<0.00001); I2=85%
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Fig 3 Forest plot of 24 h morphine consumption, including the subgroup analysis of trials with low risk of bias vs trials with unclear and high risk of bias.
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sedation, dizziness, and visual disturbance and increased risk of
vomiting, whereas nausea, PONV, and headaches might be
reduced. None of the trials with low risk of bias had enough in-
formation to withstand the TSA testing. The all trials estimates
do indicate a more homogeneous profile, with possible reduc-
tions in incidences of nausea, vomiting, PONV, and headaches,
and with an increased risk of sedation, dizziness, and visual
disturbances.

Comparative effects of pregabalin and gabapentin in
postoperative pain management

A comparable systematic review evaluating gabapentin for post-
operative pain management has recently been published.121 Per-
protocol, it was predefined that conclusions from both the
review of gabapentin, and the present review of pregabalin,
should be based primarily on meta-analyses of the best evi-
dence, defined as trials with overall low risk of bias.12 123

Comparable data from the two reviews on primary beneficial
and harmful outcomes are summarized in Table 3. Furthermore,
Table 3 includes available data from meta-analyses of four other
frequently used non-opioid analgesics in postoperative pain
treatment, namely paracetamol, non-steroidal anti-inflamma-
tory drugs (NSAIDs), cyclooxygenase 2 (COX2) inhibitors, and
steroids.

With gabapentin, an overall 24 h morphine-sparing effect of
3.1 mg was demonstrated, which was less than the predefined
5 mg minimal clinical difference. Furthermore, the morphine-
sparing effect of gabapentin as monotherapy (8.0 mg) was not
statistically significant different from placebo, but this result is
based on only two trials with low risk of bias (Table 3).121

In contrast, pregabalin reduced overall 24 h morphine con-
sumption by 5.8 mg, thus reaching the predefined 5 mg minimal
clinical difference. Furthermore, the reduction in 24 h morphine
consumption with pregabalin as add-on to other non-opioid an-
algesics was 3.7 mg, as opposed to 1.2 mg with gabapentin. Both
results with pregabalin reached firm evidence according to TSA.
There is, however, still a major probability that a clinically rele-
vant beneficial effect is not present with pregabalin.

The risk of SAEs in trials with low risk of bias was increased
in both reviews; however, neither of the reviews has enough
data to reach firm evidence.121 The gabapentin review demon-
strated a 1.6 times increased risk of SAEs, whereas the present
pregabalin review reports almost twice the odds of SAEs, com-
pared with gabapentin: 2.9. Furthermore, multiple administra-
tions of pregabalin further increased the risk of SAEs to 3.4.

Pain was moderately reduced in trials with low risk of bias in
both reviews, but only in the early postoperative period.

The risk of adverse events differs between the two reviews.
Although the gabapentin review found no significant differences
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between groups for risk of nausea, vomiting, sedation, and dizzi-
ness,121 the risk of vomiting and dizziness seemed increased with
pregabalin, compared with controls. However, none of these out-
comes reached firm evidence, according to TSA.

It should be noted that no comparable data from meta-
analyses of trials with low risk of bias are available in the litera-
ture, for four of the most used non-opioid analgesics, namely para-
cetamol, NSAIDs, COX2 inhibitors, and steroids (Table 3). It must
be anticipated, however, that results similar to those presented in
our reviews of pregabalin and gabapentin would be found for trials
with low risk of bias with other non-opioid analgesics, as indicated
in a recent analysis of paracetamol i.v.126 In this analysis, only
very few trials were considered low risk of bias.126

Considerations on gabapentinoids as part of enhanced
recovery programmes after surgery

Enhanced recovery programmes aim to improve postoperative
rehabilitation while reducing the risk of complications in surgical
populations. Effective pain relief and opioid sparing, with multi-
modal regimens that often include two or more non-opioid anal-
gesics, represents a cornerstone in such programmes.

On the basis of the actual reviews, with conclusions based
on trials with low risk of bias only, gabapentin cannot be recom-
mended for routine postoperative pain treatment, either as a
single analgesic administered together with opioid, or as part of
multimodal regimens. Opioid sparing, reduction of opioid-
related adverse events, and pain relief are marginal, at best, and
the risk of SAEs is imminent.

For pregabalin, a significant but minimal reduction in opioid
consumption seems present, but pain reduction is marginal.
Although PONV might be reduced, the risk of both dizziness
and, especially, visual disturbances is increased. Pregabalin may
also display a greater risk of SAEs than gabapentin.

In more general terms, our knowledge of benefit and harm re-
garding ‘multimodal’ analgesic regimens is sparse, and we have
very limited high-quality information of regimens including
more than one non-opioid analgesic.124 127 Consequently, anal-
gesic regimens using gabapentinoids as part of multimodal anal-
gesic regimens for enhanced recovery programmes should be
used only in protocolled situations, with careful considerations of
benefit and harm. Based on the two reviews, we find little sound
evidence from trials with the best research methodology to sup-
port the routine use of gabapentinoids in this context.

Table 2 Overview of recent pregabalin trials and differences in outcome presentations. FEM, fixed effects model; MD, mean difference; OR,
odds ratio; REM, random effects model; RR, risk ratio; TSA, trial sequential analysis. *No TSA available †No bias effect found in analyses.
‡Only available in weighted mean difference. ¶Not available; a comparison of regional anaesthesia and general anaesthesia is reported.
§Authors state: ‘sparse evidence precluded meaningful conclusions’

Pregabalin reviews

Estimate (MD/RR/OR) This systematic review Mishriky and
colleagues8

Lam and
colleagues9

Zhang and
colleagues128

Eipe and
colleagues10(REM/FEM; 95% CI; P-value;

TSA adj. CI)

Low risk of bias
24 h opioid consumption 5.8 mg reduction

(3.2, 8.5; P<0.0001; 3.2,
8.5)

Note† Not available Not available Not† available

24 h opioid consumption:
plus other non-opioid
analgesics

3.7 mg reduction
(1.5, 6.0; P¼0.009; 1.5,

6.0)

Not available Not available Not available Not available

24 h opioid consumption:
minus other non-opioid
analgesics

13.7 mg reduction
(9.6, 17.8; P<0.00001; 9.6.

17.8)

Not available Not available Not available Not available

All trials
24 h opioid consumption 10.8 mg reduction

(8.5, 13.2; P<0.00001; 8.5,
13.2)

8.27 mg
reduction

(6.47 to 10.08;
P<0.00001)*

Not available Note‡ Not available

24 h opioid consumption:
plus other non-opioid
analgesics

8.9 mg reduction
(6.7, 11.0; P<0.0001; 6.7,

11.0)

Note¶ Not available Not available Not available

24 h opioid consumption:
minus other non-opioid
analgesics

20.4 mg
(11.1, 34.0; P¼0.0001;
�16.6, 56.6)

Not available Not available Not available Not available

Low risk of bias
Serious adverse events 2.9

(1.2, 6.8; P¼0.02; 0.1,
97.1)

Not available Not available Not available Not available

All trials
Serious adverse events 2.4

(1.4, 4.2 P¼0.002; 0.9,
6.33)

Not available Not available Not available Note§
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Strengths and limitations of the review

This systematic review has several strengths. The protocol was
registered before the study at PROSPERO; it is compliant
with the latest Cochrane methodology, and the review is re-
ported according to the PRISMA guidelines. Our search strat-
egies were comprehensive, without language restrictions.
Screening of all titles and full texts, data extraction, and

bias assessments, were carried out by two independent
authors.

We evaluated the risk of random errors using TSA method-
ology on all outcomes, and the risk of systematic error was as-
sessed using Cochrane bias evaluation tools. All conclusions
were based on trials with overall low risk of bias, using GRADE
to document the further liability of our results.

Table 3 Comparative data from meta-analyses of pregabalin, gabapentin, paracetamol, NSAIDs, COX2-inhibitors, and steroids in postop-
erative pain management. COX2, cyclooygenase 2; FEM, fixed effects model; MD, mean difference; NSAIDs, non-steroidal anti-inflamma-
tory drugs; OR, odds ratio; REM, random effects model; RR, risk ratio; TSA, trial sequential analysis. *See also Mathiesen and colleagues124

and McDaid and colleagues.125 †TSA not performed

Pregabalin Gabapentin Paracetamol NSAIDs COX2-inhibitors Steroids

Estimate MD/RR Estimate MD/RR Estimate MD
(95% CI;
P-value)

Estimate MD
(95% CI; P-value)

Estimate MD
(95% CI;
P-value)

Estimate MD
(95% CI;
P-value)

(REM/Peto’s OR) (REM/Peto’s OR)
(95% CI; P-value; TSA
adj. 95% CI)

(95% CI; P-value; TSA
adj. 95% CI)

Trials with overall low risk of bias
24 h morphine

consumption
5.8 mg reduction
(REM 95% CI: 3.2, 8.5;

P<0.0001; TSA adj.
CI: 3.2, 8.5)

(11 trials)

3.1 mg reduction
(REM 95% CI: 0.5, 5.6;

P¼0.02; TSA adj.
CI: �0.5, 5.6)

(13 trials)

No available
data

No available
data

No available
data

No available
data

24 h morphine
consumption:
add-on

3.7 mg reduction
(REM 95% CI: 1.5, 6.0;

P¼0.0009; TSA adj.
CI: 1.5, 6.0)

(9 trials)

1.2 mg reduction
(REM 95% CI: �0.3, 2.6;

P¼0.12; TSA adj.
CI: �0.3, 2.6)

(11 trials)

No available
data

No available
data

No available
data

No available
data

24 h morphine
consumption:
no add-on

13.7 mg reduction
(REM 95% CI: 9.6, 17.8;

P<0.00001; TSA adj.
CI: 9.6. 17.8)

(2 trials)

8.0 mg reduction
(REM 95% CI: �1.5, 17.4;

P¼0.10; TSA adj.
CI: �15.5, 23.3)

(2 trials)

No available
data

No available
data

No available
data

No available
data

All trials
24 h morphine

consumption
10.8 mg reduction
(REM 95% CI: 8.5, 13.2;

P<0.00001; TSA adj.
CI: 8.5, 13.2)

(37 trials)

7.3 mg reduction
(REM 95% CI: 5.9, 8.8;

P<0.00001; TSA adj.
CI: 5.9, 8.8)

(73 trials)

No available
data*

No available
data*

No available
data*

No available
data*

24 h morphine
consumption:
add-on

8.9 mg reduction
(REM 95% CI: 6.7, 11.0;

P<0.0001; TSA adj.
CI: 6.7, 11.0)

(21 trials)

4.4 mg reduction
(REM 95% CI: 2.4, 6.5;

P<0.00001; TSA adj.
CI: 2.4, 6.5)

(36 trials)

No available
data*

No available
data*

No available
data*

2.33 mg
reduction

(95% CI: 0.26;
4.39);

P¼0.03;†124

24 h morphine
consumption:
no add-on

20.4 mg reduction
(REM 95% CI: 11.1, 34.0;

P¼0.0001; TSA adj.
CI: �16.6, 56.6)

(9 trials)

10.6 mg reduction
(REM 95% CI: 8.4, 12.8;

P<0.00001; TSA adj.
CI: 8.4, 12.8)

(37 trials)

6.3 mg
reduction

(95% CI: 3.7, 9.0);
P<0.05;†125

10.2 mg reduc-
tion (95% CI:
8.7, 11.7);

P<0.05;†125

10.9 mg reduc-
tion (95% CI:
9.1, 12.8);

P<0.05;†125

No available
data*

Trials with overall low risk of bias
Serious adverse

events
OR 2.9
(Peto’s OR 95% CI: 1.2,

6.8; P¼0.02; TSA adj.
CI: 0.1, 97.1)

(10 trials)

RR 1.61
(FEM 95% CI: 0.9, 2.9;

P¼0.10 TSA adj.
CI: 0.6, 4.6)

(9 trials)

No available
data*

No available
data*

No available
data*

No available
data*

All trials
Serious adverse

events
OR 2.4
(Peto’s OR 95% CI: 1.4,

4.2 P¼0.002; TSA adj.
CI: 0.9, 6.33)

(21 trials)

RR 1.14
(FEM 95% CI: 0.71, 1.81;

P¼0.59; TSA adj.
CI: 0.6, 2.1)

(26 trials)

No available
data on RR,
but see
McDaid and
colleagues*125

No available
data on RR,
but see
McDaid and
colleagues*125

No available
data on RR,
but see
McDaid and
colleagues*125

No available
data*
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The limitations of the conclusions in this review mirror those
of the trials included in the review. The problems identified are
that the majority of the included trials are classified as either un-
clear or high risk of bias, with an inherent risk of systematic error.
Very few trials reported on SAEs, and most have a short follow-
up period, limiting the ability for firm conclusions and with a
huge risk of underestimating incidences of SAEs. Furthermore, a
limited number of trials investigated the reduction in opioid con-
sumption beyond 24 h, thus limiting our ability to conclude fur-
ther than the 24 h investigated in this systematic review.

Major heterogeneity was present, because we included all
trials regardless of surgical procedure, dosing regimen, and
types of additional analgesics. The conversion of scales for pain
intensity scores and calculations of equi-analgesic doses of opi-
oids might introduce heterogeneity and imprecision.

Conclusion

We have found that, based on trials with low risk of bias, prega-
balin may have a minimal opioid-sparing effect, but the risk of
SAEs seems increased. However, the GRADE-rated evaluations
showed only moderate to very low quality of evidence.

Consequently, the routine use of pregabalin for postoperative
pain treatment cannot be recommended.
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Fig 5 Forest plot of serious adverse events. including the subgroup analysis of trials with low risk of bias vs trials with unclear and high risk of bias.
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119. Yücel A, €Ozturk E, Aydo�gan MS, Durmuş M, Çolak C, Ersoy
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