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Abstract
Network meta-analysis uses direct comparisons of interventions within randomized controlled trials and indirect comparisons
across them. Network meta-analysis uses more data than a series of direct comparisons with placebo, and theoretically should
produce more reliable results. We used a Cochrane overview review of acute postoperative pain trials and other systematic reviews
to provide data to test this hypothesis. Some 261 trials published between 1966 and 2016 included 39,753 patients examining 52
active drug and dose combinations (27,726 given active drug and 12,027 placebo), in any type of surgery (72% dental). Most trials
were small; 42%of patients were in trials with arms,50 patients, and 27% in trials with arms$100 patients. Response to placebo in
third molar extraction fell by half in studies over 30 to 40 years (171 trials, 7882 patients given placebo). Network meta-analysis and
Cochrane analyses provided very similar results (average difference 0.04 number needed to treat units), with no significant difference
for almost all comparisons apart from some with small patient numbers or small effect size, or both. Network meta-analysis did not
detect significant differences between effective analgesics. The similarity between network meta-analysis and Cochrane indirect
analyses probably arose from stringent quality criteria in trials accepted in Cochrane reviews (with consequent low risk of bias) and
consistency in methods and outcomes. Network meta-analysis is a useful analytical tool that increases our confidence in estimates
of efficacy of analgesics in acute postoperative pain, in this case by providing similar results.
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1. Introduction

Clinical trials of single-dose oral analgesics in acute postoperative
pain provide the foundations of analgesic testing.18,28 The basic
design was worked out in the 1950s and 1960s.18 It was
rigorously tested at the time and validated subsequently in several
individual patient analyses.2,3,38,40,42

Original outcomes were the average summed pain-intensity
difference (SPID) or total pain relief (TOTPAR) over 4 to 6 hours.
The emphasis has changed to the individual patient’s response,
particularly the proportion of patients achieving the outcome of at
least 50% of the maximum possible pain relief (PR).28 Un-
surprisingly, patient satisfaction is highly correlated with good
PR,30 and the 50% maximum PR cutoff point is acceptable by
both scientists24 and patients.41

The original design demonstrated whether a drug was better
than placebo, and therefore powered to examine the direction of
the result. The clinical practice issue is somewhat different: we
ask not only whether a drug is an analgesic, but also how good an
analgesic it is, comparing it with other analgesics. Considerably
more information is needed to demonstrate the size of effect,39 so
systematic reviews typically provide better information than
individual studies.

Overview reviews of Cochrane reviews in acute postoperative
pain provide a wealth of information on different drugs and
doses.36,37 They indicate where there are no data, and where the
data are inadequate or cannot be trusted because of susceptibility
to publication bias. They also provide data on over 50 drug and
dose combinations where the efficacy estimate can be trusted.37

The overview can be used to assess the relative efficacy of oral
drugs in acute postoperative pain, but only indirectly; each
analgesic is compared directly with placebo, but not with other
analgesics in head-to-head comparisons. Although this may not
be a problem in looking at relative efficacy,49 it remains as
a possible limitation because information from head-to-head
comparisons between active drugs is effectively ignored.

Sponsorships or competing interests that may be relevant to content are disclosed

at the end of this article.

a Pain Research and Nuffield Division of Anaesthetics, Nuffield Department of

Clinical Neurology, University of Oxford, Oxford, United Kingdom, b Novartis

Healthcare Pvt Ltd, Salarpuria Sattva Knowledge City, Hyderabad, India, c Novartis

Pharma AG, Postfach, Basel, Switzerland, d Royal Hampshire County Hospital,

Winchester, United Kingdom, e Centre for Pain Research, University of Bath, Bath,

United Kingdom, f Department of Experimental, Clinical, and Health Psychology,

Faculty of Psychology and Educational Sciences, Ghent University, Ghent, Belgium

*Corresponding author. Address: Pain Research and Nuffield Division of Anaes-

thetics, Nuffield Department of Clinical Neurology, University of Oxford, The

Churchill, Oxford OX3 7LE, United Kingdom. Tel.: 144 1865 225674. E-mail

address: andrew.moore@ndcn.ox.ac.uk (R.A. Moore).

Supplemental digital content is available for this article. Direct URL citations appear

in the printed text and are provided in the HTML and PDF versions of this article on

the journal’s Web site (www.painjournalonline.com).

PAIN 159 (2018) 2234–2244

Copyright© 2018 The Author(s). Published byWolters Kluwer Health, Inc. on behalf

of the International Association for the Study of Pain. This is an open-access article

distributed under the terms of the Creative Commons Attribution-Non Commercial-

No Derivatives License 4.0 (CCBY-NC-ND), where it is permissible to download and

share the work provided it is properly cited. The work cannot be changed in any way

or used commercially without permission from the journal.

http://dx.doi.org/10.1097/j.pain.0000000000001322

2234 R.A. Moore et al.·159 (2018) 2234–2244 PAIN®

mailto:andrew.moore@ndcn.ox.ac.uk
http://www.painjournalonline.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://dx.doi.org/10.1097/j.pain.0000000000001322


The solution may be to perform a network meta-analysis (NMA,
also called mixed treatments comparison or multiple treatments
comparisonmeta-analysis) using all the available comparisonswith
both placebo and active comparators. A number of NMAs have
been conducted in pain, most notably for drugs in arthritis,8,53

fibromyalgia,44 and migraine.51 This approach has not previously
been attempted for acute postoperative pain.

Our aimwas to compare the relative efficacy of analgesic drugs
in acute postoperative pain in the Cochrane overview with that
from an NMA. Because the trials in acute postoperative pain use
standard methods, with a standard efficacy outcome, measured
over the same period, in relatively similar patients, it is expected
that results from both analyses might produce very similar relative
efficacy. That would help confirm the validity of either approach.
Any major disagreement would be a matter of concern.

2. Methods

2.1. Data sources

ACochrane overview review for acute postoperative pain in adults
categorised data from different drug-evidence combinations37:
(1) Drugs for which Cochrane reviews found no information.
(2) Drugs for which Cochrane reviews found inadequate in-

formation (fewer than 200 participants in comparisons in at
most 2 studies).

(3) Drugs for which Cochrane reviews found no evidence of effect
or evidence of no effect.

(4) Combinations of drug and dose for which Cochrane reviews
found evidence of effect, but where the addition of hypothet-
ical studies without a treatment effect, representing fewer than
400 patients combined, would increase the number needed to
treat (NNT) of treatment vs placebo to a clinically irrelevant
value above 10.35

(5) Combinations of drug and dose for which Cochrane reviews
found evidence of effect, and where the addition of
hypothetical studies without a treatment effect, representing
fewer than 400 patients in total, would not increase the NNT of
treatment vs placebo to a clinically irrelevant value above 10.35

Note that “hypothetical studies” refer to studies unavailable to
the Cochrane review, for example, because they were not
published. In this analysis, we used drugs and doses from
category 5 only. Information from the individual trials in individual
systematic reviews was tabulated, extracting reference, date,
average age, and number and percentage of women. Type of
surgery was categorised as dental for third molar extraction or
other oral surgery, abdominal, thoracic, orthopaedic, or
gynaecological.

Data from trials were available in the body of the text or more
helpfully in appendices where all comparators and outcomes
were usually detailed. Two investigators (S.D. and R.A.M.)
extracted data and entered them into a table, with a third
(P.J.W.) acting as arbiter in case of disagreement. The final table
was checked for potential duplication because some studiesmay
have been used in more than one review; typically, acute pain
studies used a placebo, the active drug under the test, and an
active comparator.

The reviews included only primary studies that were both
randomised and double-blind, sominimising the risk of bias. They
did not use studies with fewer than 10 patients in treatment arms.
All studies in all reviews included only participants who
experienced at least moderate pain intensity (PI) at baseline,
providing a sensitive assay of analgesic efficacy.6 All included
studies used standard methods and report standard outcomes,

or provided data from which they could be calculated using
validated methods. For studies in acute pain lasting up to 6 hours
(all the studies in the overview and reviews), it has been shown
that imputation of data after remedication using last observation
carried forward rather than baseline observation carried forward
does not significantly influence results.38 The methods used in
individual reviews were consistent and can be found in any of the
individual reviews.16

We also used additional data from 4 other sources. Data from
a pooled analysis of tramadol were included in the Cochrane
overview as part of the discussion, based on an individual patient-
level analysis.40 Since the overview, 3 further Cochrane reviews
had been published and were included, a new fixed-dose
combination of dexketoprofen and tramadol,11 an updated
analysis of dexketoprofen and ketoprofen,14 and an updated
review of dipyrone.16 Most other reviews had been stabilized,
indicating that no important additional information has been
found since the most recent update.

2.2. Responder rates

Responder rates over 4 to 6 hours had been determined in each
review in a standard manner using the same methods. Briefly:

For efficacy analyses, the numbers of participants in each
treatment group who were randomised, received medication,
and provided at least one postbaseline assessment were used to
determine the total in each group.

The mean values for total pain relief (TOTPAR), SPID, visual
analogue scale TOTPAR, or visual analogue scale SPID for the
active and placebo groups were converted to %maxTOTPAR or
%maxSPID by division into the calculated maximum value.6 The
proportions of participants in each treatment groupwho achieved
at least 50%maxTOTPAR were calculated using verified
equations.32–34 These proportions were converted into the
number of participants achieving at least 50%maxTOTPAR by
multiplying by the total number of participants in the treatment
group.

The following pain measures were accepted for the calculation
of TOTPAR or SPID, in order of priority:
(1) 5-point categorical PR scales with comparable wording to

“none,” “slight,” “moderate,” “good,” and “complete.”
(2) 4-point categorical PI scales with comparable wording to

“none,” “mild,” “moderate,” and “severe.”
(3) Visual analogue scale for PR.
(4) Visual analogue scale for PI.

“Response” was also calculated using the number of partic-
ipants reporting “very good or excellent” on a 5-point categorical
global scale with the wording “poor,” “fair,” “good,” “very good,”
and “excellent” for the number of participants achieving at least
50% PR.5

2.3. Network meta-analysis

Network meta-analysis simultaneously analyses both direct
comparisons of interventions within randomized controlled trials
(A vs B) and indirect comparisons across trials based on
a common comparator such as placebo (A vs placebo and B vs
placebo).4,21,23,25,31,47 They use all available high-quality trials,
producing a network of randomized clinical trials evaluated in an
NMA (A vs B vs C vs placebo, etc). Theoretically, this produces
insights into the comparative effectiveness of interventions that
aremore informed than the common representation of an indirect
comparison of a series of direct comparisons of active drugs each
with a common comparator such as placebo.
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For avoidance of doubt, we use these definitions of terms:
(1) Direct comparison—comparison in the same clinical trial of 2

active drugs or 1 active drug against placebo.
(2) Network meta-analysis indirect comparison—estimation of

relative efficacy using comparisons of active drugwith placebo
and different active drugs.

(3) Cochrane indirect comparison—estimation of relative efficacy
using direct comparisons of active drugs with placebo and
excluding direct comparisons between active drugs.
The primary analysis was an NMA of responder rates using

a logistic regression model with treatment and trial as categorical
covariates. Between-trial variation in the treatment effect was
estimated nonparametrically by quasi-likelihood methods.27 This
method does not require the assumption of a specific form of
distribution for the treatment-by-trial interaction and could, in
theory, also detect “underdispersion” (ie, it would detect whether
there is less variation in the trial-specific treatment effects than
that would be expected by chance, and—in contrast to
maximum-likelihood–based estimation with a normally distrib-
uted random variation of the trial-specific treatment effect—it
would not fail to converge), but this did not happen. The model
was fitted using SASPROCGLIMMIX using the software’s default
assumptions and fitting methods (nonparametric estimation of
overdispersion is performed by using the option RANDOM
_RESIDUAL_).

To test the main model, we performed sensitivity analyses by
fitting the following additional models:
(1) a model that includes average age, percentage of female

patients, and type of surgery as additional covariates;
(2) a model that includes type of surgery as a stratification factor

(with and without percentage of female patients and average
age as additional covariates);

(3) separate analyses for the different types of surgery (with and
without percentage of female patients and average age as
additional covariates).
In addition, we compared the results from theNMAwith logistic

regression models on subsets of trials that are restricted to direct
comparisons to assess any potential discrepancies between
direct and indirect comparisons.

We summarised results using effect estimates from logistic
regression models, the corresponding odds ratios (ORs), their
confidence intervals, and P values of tests for significant
differences between the treatments, and used forest plots for
visualisation. Number needed to treat values compared with
placebo were calculated from the results of the meta-analysis to
detect any contrast between the results of NMA indirect
comparison and Cochrane indirect comparison.

Risk differences (RDs) with 95% confidence intervals were
calculated by using themultivariate deltamethod on the estimated
parameters and their estimated covariancematrix from the logistic
regression model. Numbers needed to treat were calculated as 1/
(RD). All point estimates of RD vs placebo are positive. For a few
drugs, because the lower limit of the confidence interval for the RD
was negative, we set the corresponding boundary of the
confidence interval for NNT to infinity.

For the main body of the text, we show 28 commonly used
analgesics, including fixed-dose combinations, with all analyses
presented in Supplementary file 1 (available online as supple-
mental digital content at http://links.lww.com/PAIN/A611). Many
of these have licensed indications for acute or postoperative pain
by regulators such as the U.S. Food and Drug Administration
(FDA). Some drugs may not have a license for acute pain but are
widely available analgesics often used for a range of pain
conditions.

2.4. Analysis and comparison

We set out to analyse results in 4 stages, and we report results in
this order.
(1) Stage 1: review of available data.
(2) Stage 2: assessment of validity of available data.
(3) Stage 3: results of NMA.
(4) Stage 4: contrast NMA and Cochrane indirect comparisons.

3. Results

3.1. Review of available data

We used data from 261 individual randomised, double-blind
trials in acute postoperative pain from Cochrane reviews and
an equivalent review of tramadol. In the individual reviews, all
patients had initial PI of moderate or severe, and each
individual review reported the number and proportion of
patients achieving at least 50% of maximum possible PR
using standard, validated methods, or results that allowed
their calculation.

The earliest included trial was published in 1966 and the
latest in 2016. Most (240 trials, 92%) were published between
1980 and 2010, with 5% published earlier and 3% published
later. The 261 trials had 753 relevant treatment arms (Table 1)
with a median of 41 patients per arm. The bulk of the treatment
arms (496, 66%) involved fewer than 50 patients, with 43% of
the total number of patients. A smaller number (191 trials, 25%)
involved 50 to 99 patients, with 30% of the total number of
patients. Sixty-six treatment arms involved 100 patients or
more; this was 9% of treatment arms but 27% of patients.
The newer drugs and drug combinations tended to have
larger treatment arms for active components (ibuprofen 1
oxycodone, median 169 patients; ibuprofen 1 paracetamol,
146; rofecoxib, 91; and etoricoxib, 89). Median treatment arm
size was little changed over time; for placebo for example,
median treatment arm size in years before 2000 was 39, rising
to 50 in years after 1999.

The trials involved 39,753 patients, of whom27,726were given
an active analgesic and 12,027 were given placebo. Table 2
shows the distribution of the number of trials and patients in each
definition of surgery type as provided by the original studies.
Dental surgery, all third molar extraction, provided 66% of the
trials and 72% of patients. Together with mixed surgery (any
surgical procedure), episiotomy, and orthopaedic and gynaeco-
logical surgery, these categories provided 97% of trials and 98%
of patients.

Mean age was reported in 233 trials. The average mean age
was 28 years and the median was 25 years. Only 7/233 trials
reported a mean age of over 50 years. The sex distribution was
reported in 241 trials. The average proportion of patients who
were women was 64% (median 60%). Two trials involved only
men and 44 only women.

3.2. Assessment of validity of available data

All included trials met the fundamental requirements for validity for
acute pain analgesic assessment (randomised, double-blind,
adequate initial PI, standard pain measurement methods, 4-6
hours of duration, oral drug administration, adequate outcome
reporting, plus checking for reporting inconsistencies, errors, or
duplication). Two main questions regarding their validity for
inclusion in the NMA remained. These were the effects of small
study size, and whether there had been any temporal change in
studies over the 5 decades covering the studies.
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3.2.1. Small study size

The impact of small study size was investigated by examination
of placebo responses in the most clinically homogeneous
data set, the 168 individual studies that involved third molar
extraction (and omitting 3 pooled analyses). Figure 1 shows the
distribution of the percentage with at least 50% maximum PR
related to the number of patients in the placebo arm. Overall, the
proportion obtaining this level of PR with placebo was 12%, but
with small individual studies, values could vary between 0%
and 70%.

This finding is not new,39 but underscores the dangers when
making comparisons with small amounts of data. This degree of
numerical heterogeneity despite substantial clinical homogeneity
is explained by the random play of chance with small numbers of
actual events.9,10,19,39,43,50

3.2.2. Temporal changes

Again, the most clinically homogeneous third molar extraction
data set was used to assess the presence and/or impact of any

temporal changes. Looking at all the placebo responses (171
trials, 7882 patients given placebo), there was a reduction from
over 15% in studies performed before 1990 to around 7% to
those performed since 2010 (Fig. 2).

Data for analgesics were not as readily available, as many
different drugs and doses had been used in these trials. There
were, however, sufficient data for ibuprofen acid 400 mg to
examine whether there was any temporal change to the effect
size. Table 3 shows the NNT calculations for ibuprofen acid 400
mg compared with placebo using only the studies with the direct
comparison. It can be seen that results were consistent, with no
trend of change in effect size.

Table 1

Distribution of 753 treatment arms and patient numbers by group size.

Group size (no. of patients per arm) No. of Percentage of total

Treatment arms Patients Treatment arms Patients

10-19 34 512 4.5 1.3

20-29 99 2504 13.1 6.3

30-39 186 6346 24.7 16.0

40-49 177 7679 23.5 19.3

50-59 105 5477 13.9 13.8

60-69 34 2136 4.5 5.4

70-79 22 1642 2.9 4.1

80-89 18 1494 2.4 3.8

90-99 12 1122 1.6 2.8

.100 66 10,841 8.8 27.3

Table 2

Distribution of trials and patients by type of surgery.

Surgery type Trial Patients

Frequency Percent Frequency Percent

Dental (third molar extraction) 171 65.5 28,773 72.4

Mixed surgery 25 9.6 3131 7.9

Episiotomy 25 9.6 2793 7.0

Orthopaedic 17 6.5 2138 5.4

Gynaecological 11 4.2 1498 3.8

Caesarian 3 1.2 410 1.0

Bunionectomy 2 0.8 355 0.9

Gynae 1 0.4 200 0.5

Urogenital 2 0.8 120 0.3

Meniscectomy 1 0.4 88 0.2

Tonsillectomy 1 0.4 83 0.2

Hernia repair 1 0.4 82 0.2

Oral surgery 1 0.4 82 0.2

Figure 1. Distribution of the percentage with at least 50%maximum pain relief
related to the number of patients given placebo (red line shows overall average
of 12%, N 5 7882). Size of symbol indicates the number of patients (inset
scale).
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3.3. Results of the network meta-analysis

The network is shown in Figure 3, for all drugs, doses, and
combinations, and for all surgery types. It was extensive, and
although placebo comparisons dominated, there were many
cross comparisons, with large data sets for ibuprofen acid 200
and 400 mg, aspirin 600/650 mg, paracetamol 600/650 mg and
975/1000 mg, and codeine 60 mg. Rofecoxib 50 mg also
contributed a large amount of cross-comparison data.

The main results of the NMA using all trial data from all types of
surgery for 28 common analgesics in comparisons with placebo
are presented in Figure 4. Outputs are shown in 3 ways: as ORs,
RD, and NNT, in order of highest OR. There was a consistent
order using all 3 presentations, as expected. Supplementary file 1
(available online as supplemental digital content at http://links.
lww.com/PAIN/A611) shows the same presentations by type of
surgery, and for all drugs and doses.

The NMA of the 28 analgesics plus placebo showed moderate
between-study heterogeneity (I2 5 0.6, Q 5 1083.9 on 441
degrees of freedom). The quasi-likelihood approach we used to
analyse the data adjusts for this: the confidence intervals obtained
from it are wider than ones that would have been obtained under
an assumption of no between-study heterogeneity. The 95%
confidence intervals for the NNT are wide if the number of patients
is small or if effect sizes are small. Point estimates for NNTs ranged
from around 2 to over 5 for paracetamol 500 mg and codeine 60
mg. Nineteen of the 28 comparisons in Figure 4C had point
estimates of the NNT below 3.

Similar results were found for different surgery types. Notwith-
standing that the bulk of data derived from dental studies,
analyses were also performed for trials in episiotomy, gynaeco-
logical surgery, orthopaedic surgery, mixed surgery, and any
other surgery. Supplementary file 1 (available online as supple-
mental digital content at http://links.lww.com/PAIN/A611) shows
these results presented as ORs, except for dental surgery for
which there was sufficient information to present risk ratio and
NNT in addition.

Demonstrating significant differences between effective analge-
sicswasdifficult, evenwith the largeamounts of informationavailable
for the NMA. For example, Figure 5 shows the ORs and RD when
the 28 common analgesics were compared with diclofenac K 100
mg rather than placebo (NNTs are obviously unhelpful here, as NNT
values tend to infinity with only small RDs, and confidence intervals
can be unhelpfully wide in that circumstance). As an example, the
relative efficacy of diclofenac K 100 mg was “at par” with that of
celecoxib 400 mg. In both cases, for only a few analgesics did the
upper limit of the 95% confidence interval not include 1 (OR) or
0 (RD). These were placebo, all doses of paracetamol, paracetamol
600/650mg1codeine 60mg, ketoprofen 50mg, etodolac 100mg,
and codeine 60 mg. For no comparison was the lower limit of the
confidence interval above 1 or 0.

3.4. Contrast network meta-analysis and Cochrane
indirect comparisons

The Cochrane indirect comparison uses NNT values for active
drug compared with placebo. Number needed to treat is
a measure now readily understood and widely used in both the
pain literature and clinical decision-making. This comparison
uses only trials where the active and placebo were tested.

Figure 6 shows the differences between the NMA indirect
comparison estimate of NNT compared with placebo as a difference
from the Cochrane indirect estimate, plotted against the Cochrane
indirect estimateNNT.Thesizeof symbol isproportional to theamount
of data in theCochrane indirect estimate. Thedifferencewouldbezero
if there were perfect concordance, irrespective of the actual NNT.

Onlymodest differenceswere actually foundoverNNTvalues from
2 to 5 for larger data sets. The sum of differences for all active drugs
was2NNTunitsover52comparisons (anaverageof0.04NNTunits).
Larger differences (more thanplus orminus 1NNTunit) were found in
5 comparisons. Three of these (ibuprofen 100mg1caffeine 100mg,
dexketoprofen 20/25mg, and celecoxib 200mg) had small amounts
of data in indirect comparisons (200-416 patients), and one had
a large data set but high NNT (codeine 60 mg, 2411 patients, NNT
7.3 NMA and 12 indirect). Only one, paracetamol 500 mg, had
a reasonable amount of data (561 patients in six studies).

Table 4 shows the NNTs for 28 common analgesic drugs and
doses compared with placebo for both the NMA indirect
comparison and those from the Cochrane indirect analyses. In
17 cases, the NMA point estimate NNT was numerically smaller;
in 9, the Cochrane point estimate NNT was numerically smaller;
and in 2 cases, they were identical. In all cases, there were
overlapping confidence intervals, with only modest differences
between the point estimates.

4. Discussion

This NMA used 261 unique clinical trials in postoperative pain, with
39,753 patients providing data. Data came from a Cochrane
overview of 39 separate Cochrane reviews, which, together with
other minor sources of data, provided over 50 comparisons of
analgesic drugs, doses, and combinations with placebo. We are
unaware of anyNMA in any topic presenting a comparisonbetween
NMA and Cochrane indirect analyses. The only other NMA in acute
postoperative pain (135 trials, 13,287 patients) addressed largely
nonsteroidal anti-inflammatory drugs and cyclooxygenase inhib-
itors compared with placebo, with little cross comparison.26

5. Strengths and weaknesses

The study had considerable strength. The network itself was
extensive, with many individual trials using a design that included

Figure 2. Response rate with placebo over time.

Table 3

Calculation of NNT for ibuprofen acid 400mgaccording to trial

data available by decade.

Period No. of Percent with NNT (95% CI)

Trials Patients Active Placebo

Pre-1990 8 677 58 13 2.2 (2.0-2.6)

1990-1999 23 2157 53 13 2.5 (2.3-2.8)

2000-2009 13 2214 53 9 2.3 (2.1-2.5)

2010-2015 2 247 52 8 2.2 (1.8-2.9)

CI, confidence interval; NNT, number needed to treat.

2238 R.A. Moore et al.·159 (2018) 2234–2244 PAIN®

http://links.lww.com/PAIN/A611
http://links.lww.com/PAIN/A611
http://links.lww.com/PAIN/A611


an active comparator as well as placebo and the test drug,
providing considerable cross-comparisons and a richness of
data for analysis. Results were presented in 3 ways (OR, RD, and
NNT); users of evidence might use these outputs differently.

Individual reviews from which data were taken had used the
highest quality of evidence from clinical trial designs performed
consistently over 60 years28; individual studies with high risk of
bias were excluded, and raw data were usually freely available in

Figure 3. All data for all drugs, doses, and combinations, and for all surgery types for Network Meta Analysis of analgesic response. The size of the symbols refers
to the number of patients treated with particular drugs, and the thickness of lines is proportional to the numbers in each possible comparison.

Figure 4. Results using all available data for the comparison of active drug with placebo, presented as odds ratio, risk difference, and NNT. Horizontal bars
represent the width of the 95% confidence interval, and colour change the point estimate. NNT, number needed to treat.
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appendices for others to replicate analyses. Reviews were based
on extensive literature searching, including hand searching for
older trials.20 Only comparisons with a minimum of available data
were used in the network, minimising potential problems with
random error and small size bias.1,9,10,19,39,43,50 The outcome
used was calculated from outcomes reported in individual trials,
was uniform, and used validated methods.38,42 Moreover, it is an
outcome of relevance to patients and of clinical importance.41

Other strengths come from the use of all surgery types, with
dental surgery, mixed surgery, episiotomy, orthopaedic, and
gynaecological surgery providing 97% of trials and 98% of

patients. Men and women were represented (64% women).
Although there was amix of younger and older adults, only 7 trials
had amean age above 50 years. The effects of temporal changes
were examined and shown not to make a difference in terms of
effect size, although response to placebo fell over time.

A major potential weakness was that children and older adults
were clearly not represented, limiting applicability to important
demographics, especially as much elective surgery involves older
people.17 Much information derived from drugs, or doses of
drugs, that were of limited clinical relevance, but even so they
provided useful information for comparing methods.

Figure 5. Results using all available data for the comparison of active drug with diclofenac K 100 mg, presented as odds ratio and risk difference. Horizontal bars
represent the width of the 95% confidence interval, and colour change the point estimate. Horizontal bars crossing the red vertical line indicate no significant
difference. OR, odds ratio.

Figure 6. Difference between the NMA indirect and Cochrane indirect estimates of NNT, plotted against the Cochrane indirect estimate NNT. Size of symbol
indicates the number of patients (inset scale). NMA, network meta-analysis; NNT, number needed to treat.

2240 R.A. Moore et al.·159 (2018) 2234–2244 PAIN®



Another potential weakness is the uncertain comparability of
the single doses used to achieve analgesia between analgesics,
together with the fact that dosing schedules of analgesics in
clinical practice are often quite different. For example, the
recommended dose for acute pain of celecoxib is 400 mg
initially, followed by an additional 200-mg dose if needed on the
first day, whereas for diclofenac K the recommended dosage for
acute pain is 50mg 3 times daily or initial dose of 100mg followed
by a 50-mg dose if needed.

Any interpretation of the efficacy beyond single doses has to be
done with caution and requires quite different trial designs.

6. Network meta-analysis

A broad range of relative efficacy estimates was produced by the
NMA, consistent across the different outputs. Number needed to
treat values ranged from under 2 (good) to over 10 (poor). There
was broad agreement between efficacy results from the NMA
and Cochrane indirect analyses. Not unexpectedly some

disagreements occurred when data sets were small, or effect
sizes small, or both.19,30,39,50

This consistent agreement provides great confidence in our
results, and the trials on which they are based. Avoidance of trials
with high risk of bias, methodological competence, an important
outcome, and avoidance of small patient numbers are probably
the key factors underpinning our confidence. Those same factors
probably also underpin the consistent estimates—high quality
means that simple direct comparisons with placebo provide as
accurate an estimate of efficacy as one from an extensive and rich
network.

This NMA is one of a small but growing number of such
analyses in acute and chronic pain. Most have involved small
numbers of patients and trials, although several in musculoskel-
etal conditions included larger numbers of patients (146,52453;
58,4518) than this NMA (39,753 patients). The larger studies have
tended to support what is already known. For example, the NMA
analyses of musculoskeletal conditions both showed para-
cetamol to have little efficacy, but diclofenac Na 150 mg/day

Table 4

Numbers needed to treat from NMA and indirect comparisons with placebo for 28 analgesic drugs and doses.

Drug and dose Network meta-analysis Cochrane review

NNT (95% CI) NNT (95% CI)

Etodolac 400 mg 1.8 (1.3-3.0) 2.9 (2.3-4.0)

Ibuprofen 1 oxycodone 400 1 5 mg 2.0 (1.6-2.4) 2.3 (2.0-2.8)

Ketoprofen 100 mg 2.0 (1.6-3.0) 2.1 (1.7-2.6)

Paracetamol 1 codeine 800/1000 1 60 mg 2.0 (1.5-3.0) 2.2 (1.8-2.9)

Ibuprofen fast-acting 400 mg 2.1 (1.4-3.4) 2.1 (1.9-2.4)

Celecoxib 400 mg 2.1 (1.7-2.6) 2.6 (2.3-3.0)

Naproxen 500/550 mg 2.1 (1.7-2.6) 2.7 (2.3-3.3)

Diclofenac K 100 mg 2.1 (1.8-2.8) 1.9 (1.7-2.3)

Ibuprofen acid 400 mg 2.2 (1.7-3.1) 2.5 (2.4-2.6)

Paracetamol 1 oxycodone 650 1 10 mg 2.3 (1.9-2.9) 2.7 (2.4-3.1)

Ibuprofen fast-acting 200 mg 2.3 (1.9-3.1) 2.1 (1.9-2.4)

Dicofenac fast-acting 50 mg 2.4 (1.6-4.5) 2.4 (2.0-3.0)

Ketoprofen 25 mg 2.4 (1.9-3.3) 2.0 (1.8-2.3)

Diclofenac K 50 mg 2.5 (2.0-3.3) 2.1 (1.9-2.5)

Ibuprofen acid 200 mg 2.5 (2.1-3.0) 2.9 (2.7-3.2)

Aspirin 1200 mg 2.6 (1.8-4.6) 2.4 (1.9-3.2)

Dipyrone 500 mg 2.6 (1.8-4.7) 2.3 (1.9-3.1)

Etodolac 200 mg 2.6 (2.0-3.8) 3.3 (2.7-4.2)

Celecoxib 200 mg 3.0 (2.2-4.7) 4.2 (3.4-5.6)

Paracetamol 975/1000 mg 3.0 (2.6-3.5) 3.6 (3.2-4.1)

Ibuprofen acid 600 mg 3.1 (1.7-26) 2.7 (2.0-4.2)

Aspirin 900-1000 mg 3.3 (2.3-5.8) 4.2 (3.8-4.6)

Ketoprofen 50 mg 3.4 (2.5-5.4) 3.3 (2.7-4.3)

Paracetamol 1 codeine 600/650 1 60 mg 3.7 (2.9-4.9) 3.9 (3.3-4.7)

Etodolac 100 mg 3.8 (2.6-7.4) 4.8 (3.5-7.8)

Paracetamol 600/650 mg 3.9 (3.1-5.3) 4.6 (3.9-5.5)

Paracetamol 500 mg 5.3 (3.4-12) 3.5 (2.7-4.8)

Codeine 60 mg 7.3 (5.1-13) 12 (8.4-18)

CI, confidence interval; NMA, network meta-analysis; NNT, number needed to treat.
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and etoricoxib 60 mg/day to have the highest probability of being
the best intervention.

What this means, of course, is that complicated NMAmethods
are not necessarily superior, despite theoretical considerations
that imply that theymight or should be. Neither this NMAnor other
NMAs in pain have shown any important insights beyond what
was already known. That is despite this NMA having considerably
more cross-linking data; in pain and other areas it is common for
comparisons with placebo to dominate an NMA, although that is
not always the case.8,44,51,53

One reason that theNMA andCochrane indirect analyses were
so similar is likely to arise from the source of data. Trials for both
analyses had to meet stringent quality criteria, with consequent
low risk of bias. The additional consistency in methods and
outcomes would make major discrepancies unlikely.

7. Clinical implications

This NMA, together with individual Cochrane reviews and
a Cochrane overview, provides a solid basis of knowledge about
drug efficacy in acute pain and increases our confidence in these
results. The range of drugs and doses covered should make
these results of importance globally. They should help decision-
making and medicines management at the local, national, and
international level. It is unlikely that any large set of new data will
become available to change the results. The results justify
a GRADE evaluation of high-quality evidence, meaning that this
research provides a very good indication of the likely effects, so
the likelihood that the effects will be substantially different is low.13

Adverse events were not addressed. An overview of adverse
events in acute pain trials is available,36 but inconsistencies in
reporting adverse events make it unlikely that an NMA would
provide any more insight. Adverse event rates are usually low in
these short duration studies, which, combined with low-quality
outcome reporting, limits what is possible.

It is much more difficult to distinguish between drugs of high
efficacy, which we arbitrarily consider to be an NNT of 3 or below
in this circumstance, as Figure 5 demonstrates. Neither NMA nor
Cochrane indirect comparisons provide any more insight.
Experience is that the determination of dose or drug differences
is likely to require either very large single studies or meta-analysis
of head-to-head comparisons.29 In making decisions about
appropriate use, results of efficacy analyseswill be combinedwith
patient characteristics, experience, availability, and cost, among
other considerations.

8. Future research

There are further issues highlighted by the NMA. Perhaps, the
most interesting is that of temporal changes for the number
responding with placebo, although with no apparent impact on
analgesic efficacy estimates. In some ways that is similar to
different surgery types, which have been found to have different
placebo responses with no difference in efficacy estimate.3

Temporal changes in placebo have been noticed in trials of
neuropathic pain, but in that case increasing in time, and then in
only U.S. trials.52 Other chronic pain studies report increases in
fibromyalgia,15 decreases in irritable bowel syndrome,45 or no
change in neuropathic or chronic pain.22,46,54 As far as we know,
this is the first observation of changes in placebo response with
time in acute pain studies. This is clearly of potential importance
and requires better understanding.

To highlight the absence of information in the extremes of age
is not new. Reviews providing data omitted children, but the

inadequacy of knowledge about interventions for paediatric pain
is frequently attested.7,12,48,55 There was, however, no restriction
on maximum age. The fact that only 7 trials reported a mean age
above 50 years is a concern when the older population is growing
rapidly. A more focussed examination of drug efficacy for acute
pain in older adults is probably in order.

And finally, there may be an opportunity to examine our ability
to determine whether there is a meaningful difference between
the efficacies of analgesics with NNTs below 3. The network
was rich and is likely to contain a small number of trials with the
same 2 active drugs. Methods previously demonstrated to be
useful for dose-response29 might be used in that circumstance
also, allowing for a comparison of head-to-head analysis with
the overall result.

9. Conclusion

The concordance between NMA and Cochrane indirect analyses
gives further validity for the use of indirect analyses. When there is
low heterogeneity in methods and measurement, and the trials
are of an adequate size, NMA adds little to the overall conclusion.
That said, NMA is a useful analytical tool. Here it increases our
confidence in the estimates of efficacy of analgesics in acute
postoperative pain and provokes novel insight into the changes in
trial design over time.
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