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A meta-analysis on the use of gabapentinoids for the treatment of acute post-operative pain
following total knee arthroplasty.

Abstract

Background: Total knee arthroplasty (TKA) is a painful procedure with approximately one-half
of patients reporting severe pain during the early post-operative period. Gabapentinoids are used
as an adjunct for the management of acute pain in approximately one-half of Enhanced Recovery
Programs (ERP). We performed a meta-analysis to assess the effectiveness and safety of
gabapentinoids for the treatment of acute-post operative pain following TKA.

Methods: Randomized controlled trials (RCT) of patients undergoing elective primary TKA that
compared the use of the gabapentinoid class of drugs (gabapentin (Neurontin, Pfizer, New
York) or pregabalin (Lyrica, Pfizer, New York)) to placebo were retrieved with 12 studies
meeting inclusion criteria. The primary outcome was pain intensity with activity at 48-hours
following surgery. Secondary outcomes included pain intensity at other time-points, opioid
consumption, knee function, incidence of chronic pain and adverse events.

Results: No difference in pain score at 12, 24, 48 or 72-hours following surgery was seen
between gabapentinoids and placebo. While subgroup analysis revealed that pregabalin was
associated with reduced pain-scores at 24 and 48 hours this corresponded to 0.5 (95%CI 0 to 1.0)
and 0.3-points (95%CI 0 to 0.6) reduction on an 11 point numeric rating scale respectively,
which is not of clinical significance. Likewise, gabapentinoids were associated with a small, but
not clinically significant, reduction in cumulative opioid consumption at 48-hours (mean
difference (MD) -23.2mg; 95%CI -40.9 to -5.4). There was no difference in knee flexion at 48-
hours (p=0.63) or the incidence of chronic pain at 3 (p=0.31) or 6-months (p=0.54) associated
with the use of gabapentinoids. While gabapentinoids were associated with a significant

reduction in the incidence of nausea (RR 0.7; 95%CI 0.6 to 0.9) pregabalin was also associated
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with a significant, clinically relevant, increase in the risk of sedation (RR 1.4; 95%CI 1.1 to
1.9).

Conclusion: Based on this meta-analysis we found no evidence to support the use of
gabapentinoids in the management of acute pain following TKA. This study does not support the

routine use of gabapentinoids as part of an Enhanced Recovery Program.
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Introduction

Approximately one-half of all total knee arthroplasty (TKA) patients experience severe
postoperative pain, despite multimodal analgesial. Pain is the most common reason for
delayed discharge as well as a common cause of readmission?. Improving a patient’s peri-
operative recovery through multi-modal Enhanced Recovery Programs (ERP) has significant
benefits for the patient, surgeon and healthcare payer. ERPs have been demonstrated to reduce
short and long term morbidity and mortality, improve functional outcomes and reduce length of
stay®®. While the literature supports the use of ERPs, which components of these programs are
most important in optimising patient outcomes both in the short term and long term remain
undefined.

The gabapentinoid class of drugs which includes gabapentin (Neurontin, Pfizer, New York)
and pregabalin (Lyrica, Pfizer, New York), has an established role in the management of
neuropathic pain®. While they are not indicated for the management of acute post-operative
pain there is significant interest in their potential as opioid-sparing adjuncts and they are
currently used in approximately one-half of TKA ERPs’. Gabapentin and pregabalin share a
similar chemical structure®. They act by inhibiting central sensitization and, in addition, may
inhibit nociceptive transmission in the descending noradrenergic system® °. While similarities in
structure and mechanism exist, due to differences in pharmacokinetics pregabalin has an
increased potency and as such is associated with an increased clinical efficacy as well as
increased incidence of adverse effects including sedation and dizziness*!.

While previous meta-analyses support the use of gabapentinoids in reducing acute post-operative
pain and limiting opioid use, in particular following abdominal hysterectomy and spinal surgery,
the role of gabapentinoids following TKA has yet to be defined to our knowledge!?®®, The

objective of this meta-analysis was to determine if gabapentinoids are effective adjuncts in the
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management of acute post-operative pain following TKA and, if so, whether any benefits seen

outweigh the risk of harm posed by the risk of drug-related adverse effects.

Materials and Methods

Inclusion and Exclusion Criteria

Eligible studies included parallel-group, blinded, randomized controlled trials (RCTs) of patients
aged 18 years or older undergoing elective primary TKA that compared the use of oral
gabapentin or pregabalin with placebo. There was no restriction on studies that investigated
single or multiple dosing schedules, pre- or pre and post-operative dosing or based on the type of
anaesthesia.

Information Sources and Search Strategy

Electronic databases (MEDLINE (Ovid), EMBASE (Ovid), Web of Science (ISI Web of
Knowledge)) were searched from their inception until 8 September 2015 (Appendix 1). In
addition, reference lists and registers of controlled clinical trials were searched. No restrictions
were applied based on the publication status or language.

Studies were assessed, and data extracted, independently in duplicate (*** Blinded by JBJS
***) A risk of bias assessment was performed on included studies®®.

Outcome measures assessed

The primary outcome was pain intensity with activity at 48 hours. Where pain with activity at
48-hours was not reported pain at rest was used if available.

Secondary outcomes included: pain scores at 12, 24 and 72 hours, cumulative opioid
consumption (0 to 48 hours), active knee flexion at 48 hours, incidence of chronic pain and

adverse events (sedation, dizziness, nausea and pruritus, 0 to 72 hours). If the incidence of
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adverse events from 0 to 72 hours was not reported the incidence at 24 hours was used as the
majority of adverse events occur following the initial loading dose.

Statistical analysis

Heterogeneity was assessed using the using the I? statistic. Where substantial heterogeneity
(1>85%) was identified a meta-analysis was not be performed. As a degree of variability was
expected a random-effects model was used. For continuous data the standardized mean
difference (SMD) with 95% confidence-intervals (95%CI) was calculated using the inverse
variance method. For opioid consumption the reported consumption was converted to oral opioid
equivalent dose and the mean difference (MD) calculated. For dichotomous data the risk ratio
(RR) was calculated using the Mantel-Haenszel method. Data analysis was performed using
Review Manager 5.3 (The Nordic Cochrane Centre, The Cochrane Collaboration, 2014).
Protocol and registration

*** Blinded by JBJS ***

Source of Funding

No external funding received.

Results

Twelve RCTs compared the use of gabapentin (5 studies) or pregabalin (7 studies) with placebo
in patients undergoing elective primary TKA. Figure 1. The results from one study were
presented in a manner that prevented their inclusion in the quantitative analysis!’. A risk of bias
assessment is outlined in Figure 2. Two studies, Lee et al. and Brackel et al., did not describe
the use of placebos presenting a high risk of performance bias and an unclear risk of detection

bias'”*8. Singla et al. did not report information regarding allocation concealment, blinding of
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participants and personnel and outcome assessors presenting an unclear risk of bias'®.
Additionally, only 69% of participants completed treatment giving a high risk of attrition bias.
Three studies were funded by the manufacture of the trial drug presenting an unclear risk of other
bias'®?L. A sensitivity analysis was performed based on the risk of bias and exclusion of
studies at high risk of bias did not change the interpretation of results.

The dose of gabapentin ranged from 300mg to 1300mg per day. The dose of pregabalin ranged
from 100mg to 600mg per day. The mean age ranged from 57 to 68 years with 43% to 81%
female participants. The primary indication for TKA was OA (96% to 100%). A summary of the
trials, which included 1501 knees, is provided in Table 1.

Pain intensity at 48-hours following surgery

Pain intensity at 48-hours was reported in eight studies with a high heterogeneity seen (1>=73%).
Patient receiving gabapentinoids had lower pain scores at 48-hours compared to placebo (SMD -
0.15; 95%CI -0.28 to -0.02; p=0.03). Figure 3. Subgroup analysis revealed this effect was
limited to those receiving pregabalin (SMD -0.24; 95%CI -0.45 to -0.03; p=0.03) with no
difference seen with gabapentin (SMD -0.09; 95%CI -0.26 to 0.08; p=0.29). The effect size
associated with the use of gabapentinoids was small and interpreting SMD clinically is
challenging. On the basis of the mean standard deviation from trials using an 11 point (0 to 10)
NRS, the effect of gabapentinoids corresponds to a reduction of 0.3 points (95%CI 0 to 0.6
points).

These findings were supported by evidence from Brackel et al. who found no difference in pain
intensity between those patients receiving gabapentin and those who did not!’. Additionally,
Buvanendran et al. found no differences in pain-scores from 0 to 32-hours and YaDeau et al.
found no differences at both 24 and 72-hours in those patients receiving pregabalin?® 22,

Pain intensity at other time points following surgery

b
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At twelve-hours four studies (gabapentin one study, pregabalin three studies) reported pain-
scores with activity. High heterogeneity (1°=88%) limited statistical analysis. Clarke et al.,
assessing gabapentin, found no difference in pain score at 12-hours?®. Two studies found no
significant difference associated with the use of pregabalin, and one small study, Lee et al. (41
knees), reported a positive effect®® 1921,

At 24-hours pain scores were reported in ten studies. Subgroup analysis revealed that patients
receiving pregabalin had lower 24-hour pain scores (SMD -0.30; 95%CI -0.58 to -0.01;
p=0.04); however overall, in patients receiving gabapentinoids no difference was seen (SMD -
0.17; 95%CI -0.40 to 0.06; p=0.14). Figure 4. On the basis of the mean standard deviation from
trials using an 11 point NRS, the effect of pregabalin corresponded to a 0.5 point (95% CI 0 to
1.0 points) reduction at 24-hours.

At 72-hours no difference was seen between patients receiving gabapentinoids (four studies;
SMD 0.01; 95%CI -0.17 to 0.19; p=0.89), or on subgroup analysis, compared to placebo.
Figure 5.

Cumulative opioid consumption at 48-hours following surgery

Patients receiving gabapentinoids had lower cumulative opioid consumption (six studies)
compared with placebo (MD -23.19mg; 95%CI -40.93mg to -5.44mg; p=0.01). Figure 6.
Subgroup analysis revealed this effect was limited to pregabalin (MD -33.14mg; 95%CI -
53.98mg to -12.29mg; p=0.002) with no difference seen with gabapentin (MD -6.66mg; 95%CI
-23.78mg to 10.47mg; p=0.45).

Whilst Brackel et al. found no difference in those receiving gabapentin Clarke et al. found a
10mg reduction in 24-hour cumulative opioid consumption associated with the use of
Gabapentin!’ 24, Buvanendran et al. and Jain et al. reported similar reductions in 24-hour opioid

consumption associated with Pregabalin®® 25, The clinical relevance of these reductions was not

/
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discussed in any studies but overall the reduction associated with Pregabalin was small,
corresponding to a 15% reduction in opioid consumption.

Functional Outcomes

Active knee flexion at 48-hours was reported in five studies with no difference seen in patients
receiving gabapentinoids (MD 1.10°; 95%CI -3.41° to 5.62°; p=0.63) or on subgroup analysis.
Three-studies investigated the incidence of chronic pain following peri-operative pregabalin.
YaDeau and Buvanendran reported the incidence of neuropathic pain assessed using the Leeds
Assessment of Neuropathic Symptoms and Signs pain scale (LANSS)?® 2226 Singla et al.
reported the incidence of pain using a 11 point NRS where a score of 1 or greater was regarded
as positive'®. At both three-months (RR 0.43; 95%CI 0.09 to 2.15; p=0.31) and six-months (RR
0.43; 95%CI 0.03 to 6.69; p=0.54) no difference in the incidence of pain was seen between
patients receiving pregabalin and placebo. Figure 7.

Adverse effects

No increase in the risk of sedation (five studies) was observed in those patient receiving
gabapentinoids (RR 1.19; 95%CI 0.90 to 1.56; p=0.22). Figure 8. Subgroup analysis revealed,
that whilst in those studies assessing gabapentin no difference was seen (RR 0.95; 95%CI 0.76
to 1.20; p=0.68), in those receiving pregabalin an increased incidence of sedation was observed
(RR 1.44; 95%CI 1.07 to 1.94; p=0.02). The Number Needed to Treat (NNT) with pregabalin
to result in one case of sedation was 8.7.

This data was supported by evidence from Clarke et al. who found no difference in sedation
associated with the use of gabapentin at any time points®*. Additionally, whilst Lunn et al. found
an increased incidence of sedation at 6-hours, following a loading dose of 900mg gabapentin

there was no difference in sedation seen at any other time points?’.
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No difference in the incidence of dizziness (six studies) was seen in patients receiving
gabapentinoids (RR 1.15; 95%C]1 0.81 to 1.62; p=0.43) or on subgroup analysis®® 20 24.25.28,29
There was a decreased risk of nausea (seven studies) associated with the use of gabapentinoids
(RR 0.74; 95%CI 0.63 to 0.88; p<0.001). Figure 9. Subgroup analysis revealed that this finding
was seen in those studies assessing gabapentin (RR 0.80; 95%CI 0.65 to 0.97; p=0.03) but not
in those receiving pregabalin (RR 0.72; 95%CI 0.50 to 1.03; p=0.07), where no difference in
the risk of nausea compared to placebo was seen. The NNT with Gabapentin to result in one less
case of nausea was 9.7.

No difference in the incidence of pruritus (five studies) was seen in patients receiving
gabapentinoids (RR 0.69; 95%C]1 0.39 to 1.22; p=0.20) or on subgroup analysis?® 23-2>2°,

Effect of Dose

Subgroup analysis was performed to investigate the impact of dose. At 48-hours high dose
gabapentin (>900mg/day; three-trial arms, 206-participants) was associated with lower
pain scores (SMD -0.30; 95%CI -0.54 to -0.05) compared to both control (p=0.02) and those
receiving low dose gabapentin (<900mg/day; five trial arms, 153 participants; p=0.02)
which was not associated with any difference in pain-scores (SMD 0.10; 95%CI -0.14 to
0.34). The effect of high dose gabapentin corresponds to a reduction of 0.4 points (95%CI 0
to 0.7-points) on an 11 point NRS and as such was not assessed as clinically relevant. No
difference was seen between different doses on pain-score at other time points or
cumulative opioid intake. No difference in pain outcome scores or opioid consumption was
detected between pregabalin low dose (<300mg/day, eight-arms, 248-participants) and high
dose (=300mg/day, four arms, 277 participants). It was not possible to assess the impact of

dose on the risk of adverse events for gabapentin or pregabalin.
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Discussion

Our meta-analysis has demonstrated that the use of gabapentinoids is not associated with reduced
pain-scores at 12, 24, 48 or 72-hours. While subgroup analysis revealed that pregabalin is
associated with a reduction in pain scores, equivalent to 0.5 (95% CI1 0 to 1.0) and 0.3 points
(95%CI1 0 to 0.6) on an 11 point NRS, at 24-hours and 48-hours respectively, this reduction is not
of clinical significance. Gabapentinoids were associated with a reduction in cumulative opioid
consumption, although this effect was found to be small, 15%, and likely not of clinical
significance. There was no evidence that the use of gabapentinoids improved short or long-term
function with no difference in knee flexion at 48-hours, or incidence of chronic pain at 3 or 6-
months. Gabapentinoids were associated with a reduction in the incidence of nausea but
pregabalin was associated with a clinically relevant increase in sedation. This is the first meta-
analysis to assess the efficacy of gabapentinoids in the management of acute post-operative pain
following TKA. We have found no evidence to support the routine use of gabapentinoids in the
management of acute pain following TKA, and this study does not support the routine use of
gabapentinoids as part of an ERP.

The results of this study are contradictory to previous meta-analysis assessing the use of
gabapentinoids in the management of acute post-surgical pain which have found that their use
was associated with significant reductions in pain following tonsillectomy, abdominal
hysterectomy, thoracic and spinal surgery®®-*°. Possible explanations for these differences
include differences in the mechanism and response to pain at different surgical sites which
may be due to disease factors, surgical factors or patient factors including patient selection
and central sensitization. A meta-analysis by Mishriky et al. found that the type of surgery was
a significant predictor of post-operative pain scores, accounting for 32% of the variance at 24-

hours®®. Eipe et al. proposed that gabapentinoids are most likely to demonstrate efficacy in
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conditions associated with chronic pain including spinal surgery, amputations and joint
arthroplasty®®!4. While chronic pain is seen in around 20% of patients following TKA this figure
is lower than the 32% following discectomy and up to 85% seen following amputation®’°. If the
mechanism proposed by Eipe et al. is correct then the lower incidence of chronic pain observed
following TKA, compared to other surgeries, may explain why gabapentinoids failed to
demonstrate efficacy in this population.

The use of pregabalin was associated with a 33mg (range 12 to 54mg), 15%, reduction in oral
opioid equivalent dose over 48-hours following TKA with this finding unlikely to be of clinical
relevance in this population due to baseline opioid consumption*? ¥, While a reduction in the
incidence of post operative nausea following TKA was associated with gabapentinoids this effect
was limited to gabapentin (NNT=10), with no reduction seen with pregabalin. As such this anti-
emetic effect is unlikely to be due to reduced opioid consumption, and is likely to be via
alternative mechanisms*. Furthermore, no difference in other opioid-related adverse effects
including pruritus or dizziness were seen providing further evidence that the reduction in opioid
consumption may not be of clinical relevance. One adverse effect that was noted to increase
following the administration of pregabalin, but not gabapentin, was the risk of sedation (Number
Needed to Treat [NNT]=9). It has been reported previously that the risk of sedation increases
with increasing dose, and the incidence is known to be higher following the first dose however it
was not possible to evaluate these factors in the published studies. Whilst there is evidence that
gabapentinoids improves sleep quality, and patient satisfaction, following TKA, sedation may
prevent early mobilisation following surgery which has a strong evidence base in this
population?® 274142,

It has previously been reported that the use of gabapentinoids may be associated with a reduction

in the incidence of chronic pain®®. This finding was not supported in this meta-analysis which
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found no evidence of improved short-term knee function or reduction in knee pain at 3 or 6-
months. Interesting, the only study which reported lower pain-scores at 3 and 6-months had a
higher baseline incidence of chronic pain, 9%, compared to 4% seen in the other study using the
same outcome measure (Leeds Assessment of Neuropathic Signs and Symptoms; LANSS)?®
22 Whilst the lack of data prevents formal analysis it is interesting to note that the baseline
incidence of chronic pain in a meta-analysis reporting a reduction chronic pain associated with
gabapentinoids was 25% (range 5% to 82%)*®. Whilst the current evidence does not support the
routine use of gabapentinoids to reduce chronic pain, further work is required to explore if
gabapentinoids have a role in subgroups of TKA patients at high risk of this complication.

The limitations of this meta-analysis are that there were insufficient studies to permit evaluation
of different doses, timings and frequency of gabapentinoids and that due to different anaesthetic
and peri-operative analgesic regimes, as well as patient differences, significant heterogeneity was
observed between studies. While the level of heterogeneity was below pre-specified levels to
perform meta-analysis further studies would enhance the strength of the evidence presented. The
strengths of this study are that it includes a large number of knees from high quality clinical trials
at low risk of bias.

In summary, based on our meta-analysis, there was no evidence to support the analgesic efficacy
of gabapentinoids in the management of acute post-operative pain following TKA and whilst
opioid sparing effects were seen with the use of pregabalin these are unlikely to be of clinical
significance. No beneficial effects in improving short term function or reducing the long term
incidence of chronic pain were detected and whilst an anti-emetic effect was observed, a
significant increase in the risk of sedation associated with the use of pregabalin was also

detected. Further high quality randomized controlled trials, in particular investigating patients at

12



267  high risk of chronic pain, may yield positive results in subgroups of patients however the current

268  evidence does not support the routine use of gabapentinoids as part of an ERP for TKA.
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Figure Legends

Figure 1: PRISMA flow diagram of retrieved studies

Figure 2: Assessment of risk of bias of included studies

Figure 3: Pain intensity at 48 hours following surgery

Figure 4: Pain intensity at 24 hours following surgery

Figure 5: Pain intensity at 72 hours following surgery

Figure 6: Cumulative oral opioid equivalent 0 to 48 hours

Figure 7: Incidence of chronic pain associated with the use of Pregabalin at 3 and 6 months
following surgery

Figure 8: Incidence of sedation

Figure 9: Incidence of nausea
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