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Executive summary

Background

Day-case surgery is of great value to patients and
the health service. It enables many more patients
to be treated properly, and faster than before.
Newer, less invasive, operative techniques will allow
many more procedures to be carried out.

There are many elements to successful day-case
surgery. Two key components are the effective-
ness of the control of pain after the operation,
and the effectiveness of measures to minimise
postoperative nausea and vomiting.

Objectives

To enable those caring for patients undergoing
day-case surgery to make the best choices for their
patients and the health service, this review sought
the highest quality evidence on:

¢ the effectiveness of the control of pain after
an operation

¢ the effectiveness of measures to minimise
postoperative nausea and vomiting.

Methods

Full details of the search strategy are presented in
the report.

Results

Analgesia

The systematic reviews of the literature explored
whether different interventions work and, if they
do work, how well they work. A number of
conclusions can be drawn.

Ineffective interventions
There is good evidence that some interventions are
ineffective. They include:

® transcutaneous electrical nerve stimulation
in acute postoperative pain

¢ the use of local injections of opioids at sites
other than the knee joint

¢ the use of dihydrocodeine, 30 mg, in acute
postoperative pain (it is no better than placebo).

Interventions of doubtful value

Some interventions may be effective but the size of
the effect or the complication of undertaking them
confers no measurable benefit over conventional
methods. Such interventions include:

® injecting morphine into the knee joint after
surgery: there is a small analgesic benefit which
may last for up to 24 hours but there is no clear
evidence that the size of the benefit is of any
clinical value

* manoeuvres to try and anticipate pain by using
pre-emptive analgesia; these are no more
effective than standard methods

¢ administering non-steroidal anti-inflammatory
drugs (NSAIDs) by injection or per rectum in
patients who can swallow; this appears to be no
more effective than giving NSAIDs by mouth
and, indeed, may do more harm than good

¢ administering codeine in single doses; this has
poor analgesic efficacy.

Interventions of proven value
These include a number of oral analgesics
including (at standard doses):

dextropropoxyphene
tramadol
paracetamol
ibuprofen
diclofenac.

Diclofenac and ibuprofen at standard doses give
analgesia equivalent to that obtained with 10 mg
of intramuscular morphine. Each will provide at
least 50% pain relief from a single oral dose in
patients with moderate or severe postoperative
pain. Paracetamol and codeine combinations
also appear to be highly effective, although
there is little information on the standard doses
used in the UK. The relative effectiveness of
these analgesics is compared in an effectiveness
‘ladder’ which can inform prescribers making
choices for individual patients, or planning
day-case surgery. Dose-response relationships
show that higher doses of ibuprofen may be
particularly effective.
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Topical NSAIDs (applied to the skin) are effective
in minor injuries and chronic pain but there is no
obvious role for them in day-case surgery.

Postoperative nausea and vomiting

The proportion of patients who may feel nauseated
or vomit after surgery is very variable, despite
similar operations and anaesthetic techniques.
Systematic review can still lead to clear estimations
of effectiveness of interventions. Whichever
anti-emetic is used, the choice is often between
prophylactic use (trying to prevent anyone
vomiting) and treating those people who do

feel nauseated or who may vomit.

Systematic reviews of a number of different anti-
emetics show clearly that none of the anti-emetics is
sufficiently effective to be used for prophylaxis.
Moreover, a cost-effectiveness analysis shows that
prophylaxis, especially with newer anti-emetics, not
only does not prevent any more people from vomit-
ing or feeling nauseated than treating established
nausea or vomiting, but exposes patients to con-
siderably more drug at considerably higher cost.

Conclusions

This report has focused on two elements of
day-case care. It is clear that the economics of
day-case work require that the vast majority of
patients are fit to go home and that, once home,
they do not have to return to hospital or seek
advice from the primary care team. To date, audits
at local level have identified both pain and

nausea and vomiting as problems. Providing
adequate analgesia may be easier than guaran-
teeing minimal nausea and vomiting. The package
of care in day-case surgery needs to be revisited
regularly lest surgical interventions are the cause
of increased hospitalisation and returns.

Research recommendations

¢ To extend the number of systematic reviews
to include other analgesics, including the
newer NSAIDs. This would provide a more
comprehensive ladder of relative efficacy.
It is unlikely that large ‘head-to-head’
comparisons of analgesics in randomised
controlled trials would provide more
useful information.

¢ To establish pilot audits of the implementation
of the information included in this report;
both before and after audits are needed to
put the existing evidence into clinical practice
to good effect.

¢ To investigate the effect of randomness in
clinical trials. Because there are substantial
numbers of analgesic trials and they are
usually performed using standard methods
and including patients with similar entry
criteria (moderate or severe pain), they may
be usefully studied to examine the effects of
randomness in clinical trials. Variability between
trials is large and understanding the effects
of chance would help to inform us of how
large trials need to be to give an accurate
clinical feel for a new drug.

¢ To investigate how to minimise postoperative
nausea and vomiting. This varies considerably
between trials and may be the result of random
chance, but it is just as likely that components
of the overall package of care other than
anaesthesia or anti-emetics are important. There
is an obvious and important research agenda
here in understanding how best to minimise
postoperative nausea and vomiting. However,
this is a complex area which will not easily
be understood.
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Chapter |

Introduction

Asimple way of looking at day-case surgery is
that both pain relief and postoperative nausea
and vomiting (PONV) should be well controlled.
Patients should neither have to stay in hospital
(because of poor pain relief or PONV) nor have

to contact healthcare professionals after they

have left hospital.

We have therefore concentrated on developing
two league tables, or rank ordering. One is for
which pain-killer or analgesic works best by mouth
after surgery. This has produced surprises — the
‘standard’ take-home analgesic package often

contains analgesics which do poorly in the ranking.

Also, the efficacy of oral pain-killers has been
compared with injections of morphine or non-
steroidal anti-inflammatory drugs (NSAIDs). The
net has been thrown quite wide and information
on transcutaneous electrical nerve stimulation
(TENS) and injections of morphine into the knee
joint and other peripheral sites has been included,
together with information on whether the timing
of the analgesic (before or after surgery) makes
any clinical difference.

Producing this ranking has involved developing
new methods and extending existing ones. The
first part of the report documents the methods
because, although the required information is
that in the league-table, the credibility of the
league table rests on the credibility of the
methods used to derive it.

Similar methods have been used to tackle
treatment of PONV. A preliminary league-table of
various prophylactic measures is presented in the
report. None of them appear to work particularly
well. There is much less information on treatment
(rather than prevention) of PONV but some
useful results are presented.

Itis hard to be precise about the effect that poorly
controlled pain or poorly controlled PONV have
on the incidence of patients having to stay in
hospital, or on the incidence of consultations after
leaving hospital. Ideal targets seem to be that less
than 1% of patients should have to stay in, and less
than 1% should have to consult." Audits show

that poor pain control can certainly result in

rates greater than 1% for both categories,? and

that providing better pain control produced a
worthwhile reduction in both types of problem.

The authors hope that this report will enable a
higher quality of evidence to be used for future
guidelines, for pain relief both in and out of
hospital, and for prevention of PONV.

Background and key questions

The rational approach to postoperative care is to use
the highest quality evidence available and, in this
context, this comes from systematic reviews of valid
randomised trials. The results will still have to be
adapted to the circumstance of the individual but
our chosen policies will be more discerning. Treat-
ments which are simple, clinically appropriate and
evidence-based are focused on in this study. The
authors were fortunate that there is now a steady
supply of systematic reviews available in the pain
world® (an updated listing is available on the Internet
at <http://www.jr2.ox.ac.uk/Bandolier/painres/
MApain.html>).

To achieve the best outcome it has been necessary
to pick our way through the evidence. There is

a complicated relationship between evidence,
guidelines, research and legal considerations,

and the patients’ outcomes as assessed by audit
(see Figure 1).

High-quality postoperative care needs effective
pain management. While we would like to believe
that we practice good pain control, a survey* of

/ Audit cycle X

Researc
(patient outcomes)

Legal

|<Ma:rketing |

Postope rative care

FIGURE | Influences on postoperative care
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TABLE | Inpatient survey*

Number Percentage
of patients

Pain was present all or

most of the time 1042/3162 33

Pain was severe or moderate 2755/3157 87

Pain was worse than

expected 182/1051 17

Had to ask for drugs 1085/2589 42
Drugs did not arrive

immediately 455/1085 41

5150 recently discharged patients from 36 UK
hospitals showed that, in the 3163 who responded
to questions on pain, practice was far from

ideal (7able I). The questions asked are

useful for audit.

Postoperative care is more than a collection of
interventions. It is a package of care that needs

to be examined as a whole as well as in its parts.
Publications which analyse the process of post-
operative care provision are rare, perhaps because
they attract few academic plaudits. There is good
evidence that the risk of adverse events is increased
when high-technology approaches are used for
drug administration.’

Pain charts

Pain charts used as part of normal practice will
improve quality of care.®” The fact of a chart is
more important than its form, with pain measure-
ments recorded at the same time as sedation,
respiratory frequency and nausea, and as part

of ongoing audit. An example is the Burford
chart.® There are special scales for children.?

Acute pain services

One remedy for poor management is the provision
of an acute pain service.'” The dispute about what
should be provided ranges from a full ‘menu’,
including all the high-technology options,'' to

a service limited to supervision of good practice
guidelines for low-technology approaches and
staff education.®’” Training and education should
be the main tasks of an acute pain service.

Key questions
Several key questions for pain relief are obvious.

* The simplest observation is that if patients
can swallow then the oral route should
be preferred.

* The next relates to prophylaxis versus
treat-as-necessary: are the arguments for
prophylaxis convincing?

¢ A third is whether or not injections of local
anaesthetic, with or without opioids, are
useful in the day surgery setting.

For the future, we need to know why, in some
patients, acute pain becomes chronic pain.

Can the patient swallow?

Most postoperative pain is managed solely with
medication. Perhaps because anaesthetists work
with injected drugs, there is a natural belief that
drugs which are injected are more powerful than
drugs taken by mouth.

Some of the questions which need to be
answered include:

¢ which classes of drugs are the most effective
postoperative analgesics? (or which are
least effective?r)

¢ within a class of drugs, does the same dose work
better when injected or when taken orally?

It is important to know which oral analgesics to
recommend to patients because so much post-
operative care is now in the home. It is biased to
think of patients after major surgery but they too
need oral analgesics when they can swallow. The
evidence from trials in which drugs are compared
with placebo may be used to build a ranking of
relative efficacy.

For this study, all the trials of a particular drug
compared with placebo in postoperative pain were
obtained. The drug’s performance in the trials was
then converted into a common currency, viz. the
proportion of patients with moderate or severe
postoperative pain who achieved at least 50% pain
relief compared with placebo over 6 hours.

The most effective drugs have a low number-
needed-to-treat (NNT) of about 2, meaning that
for every two patients who receive the drug one
will achieve at least 50% relief because of the
treatment (the other patient may obtain relief
but it does not reach the 50% level). The NNT is
treatment-specific, which is useful for comparison
of relative efficacy but, because these NNT com-
parisons are against placebo, the best NNT of

2 means that while 50 of 100 patients will get at
least 50% relief because of the treatment, another
20 patients will have a placebo response which gives
them at least 50% relief; hence, with ibuprofen

70 patients from 100 will have effective pain relief.
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For paracetamol, 1 g, the NNT is 4 (see chapter 8).
Combination of paracetamol with codeine, 60 mg,
improves the NNT to 3. Ibuprofen is better at 2.
The clear message is that, of the oral analgesics,
NSAIDs perform best and that paracetamol alone
or in combination is also effective. The strongest
oral analgesic regimen would be an oral NSAID
supplemented as necessary with paracetamol and
opioid. As pain wanes, then the prescription should
be paracetamol-based, supplemented if necessary
by an NSAID. When used in day surgery, a regimen
like this results in high-quality pain relief without
recourse to general practitioner visits.”

Even if patients can swallow, is it best to give
drugs by injection or suppository?

There is no evidence that NSAIDs given rectally or
by injection perform any better than the same drug
at the same dose given by mouth (see chapter 10);
two randomised, double-blind placebo-controlled
comparisons of oral ibuprofen arginine, 400 mg,
failed to distinguish any difference from intra-
muscular ketorolac, 30 mg.'*'* These other non-
oral routes become appropriate when patients
cannot swallow.

The patient can’t swallow analgesics

There is, as yet, no information on the relative
efficacy of injected opioids or NSAIDs and regional
anaesthetic techniques. However, some statements
can be made:

* injecting morphine at a dose of 10 mg provides
similar analgesia to oral NSAID'*

* injecting morphine at doses of 10-20 mg
provides similar analgesia to injected NSAID'

* injecting NSAID provides similar analgesia to
oral NSAID'*"

¢ injecting 20 mg of morphine provides greater
analgesia than injecting 10 mg, and greater
analgesia than the best performers in the oral
league table."

Other techniques

TENS

TENS is not effective in postoperative pain
(see chapter 19) and is of limited value in labour
pain'® (see chapter 20).

16,17

Psychological methods

There is evidence that psychological approaches
are beneficial."Y Cognitive behavioural methods can
reduce pain and distress in patients with burns. Pre-
paration before surgery can reduce postoperative
analgesic consumption. The evidence for the use
of relaxation and music on postoperative pain is
confounded by the poor quality of trials.?’

Pain which persists: prophylaxis or
wait till it happens?

The intriguing questions in acute pain are
the following.

¢ Is there a link between bad, acute postoperative
pain and perseveration of this pain into a
chronic status?

¢ Can anything be done to prevent this?

What remains unexplained is why some patients
end up with chronic pain after surgery when
others do not. A simplistic explanation is that
the chronic pain results from nerve damage at
surgery. An alternative explanation is that it is
those patients with severe postoperative pain
who develop the chronic pain. The easy linkage
is then to propose that if the acute pain was
better controlled then chronic pain would

not develop.?"#

Pre-emptive short-term analgesia

The evidence for a clinical advantage in giving
an intervention before pain as opposed to giving
the same intervention after pain is still uncon-
vincing® (see chapter 18). Certainly by far the
majority of trials of pre-pain versus post-pain
medication has failed to show any clinically
meaningful benefit.

Peripheral opioids

For intra-articular peripheral opioids at least, the
story becomes a little clearer. A systematic review
of valid trials of intra-articular morphine in knee
surgery has shown that morphine in the knee joint
can indeed provide analgesia®* (see chapter 17).
This analgesia can continue for up to 24 hours,
although there is no dose response. It is the long
duration of action which suggests this technique
might have practical application beyond its
research interest.”

Postoperative nausea and vomiting
Managing PONV well is part of quality post-
operative care. Recent evidence from systematic
reviews of PONV shows that prophylactic anti-
emetics are less effective than might have been
hoped (see chapter 20). Use of propofol,*
omitting nitrous oxide,?” and different anaesthetic
techniques® all have similar efficacy, preventing
about one patient vomiting for every four or five
treated. This is also the case in high-risk settings
such as strabismus surgery.? There is much less
data for treatment of established PONV than for
prophylaxis but treatment with ondansetron
appears to have a similar level of efficacy

to prevention.”



Introduction

Conclusion

The availability of high-quality evidence gives a firm
foundation for building better postoperative care.
It enables informed decisions to be made about
drugs and route of administration for individual
patients and services, both for pain and for nausea
and vomiting. Bringing this together into an
efficient and effective service will be the challenge,
so that audit or controlled trials can demonstrate
the effectiveness of our postoperative care.
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Chapter 2

Finding all the relevant trials

Relevant and valid evidence is necessary for
effective care. The randomised controlled trial
(RCT) is the most reliable way to estimate the effect
of an intervention. The principle of randomisation
is simple. With randomisation, patients taking part
in a randomised trial have the same probability of
receiving any of the interventions being compared.
Randomisation abolishes selection bias by prevent-
ing the investigators influencing allocation of the
interventions. It also helps to ensure that other
factors, such as age or sex distribution, are equi-
valent for the different treatment groups. Inade-
quate randomisation, or inadequate concealment
of randomisation, lead to exaggeration of
therapeutic effect.!

For reviews of evidence to be valid, they need to be
systematic; to be systematic, qualitative or quanti-
tative, they need to include all relevant RCTs.
Identifying all relevant trials is a ‘fundamental
challenge’,? which is easily underestimated.

The first obstacle faced by any reviewer is finding
out how many eligible RCTs exist. Commonly the
total is unknown. Only for newer interventions are
reviewers likely to be sure that they have found all
relevant RCTs. Otherwise the total number of trials
can only be identified by scanning every record in
each of the available bibliographic databases, by
searching manually all non-indexed journals,
theses, proceedings and textbooks, by searching the
reference lists of all the reports found, and by
asking the investigators of previous RCTs for other
published or unpublished information (Figure 2).?

old intervention

yes

whole area
novel intervention widespread research
single topic all reports
few research groups limited time
limited funds

published reports
no deadline
unlimited funds

unlikely

{

FIGURE 2 Is a complete search possible?

In practice, constrained by time and cost, reviewers
have to compromise, and hope that what they have
found is a representative sample of the unknown
total number of eligible trials. The more compre-
hensive the searching the more trials will be found,
and any conclusions will then be stronger. Compre-
hensive searching can be very time-consuming and
costly; again, this emphasises the necessary
compromise, where the target is the highest
possible yield for given resources.

‘Retrieval bias’ is the failure to identify reports
which could have affected the results of a syste-
matic review or meta-analysis.* The failure may be
because trials are still ongoing, or completed but
as yet unpublished (publication bias) or because
although published the search did not find them.
Trying to identify unpublished trials by surveying
researchers had a very low yield,” and is not cheap.
Registers of ongoing and completed trials are
another means of finding unpublished data but
such registers are rare.

In this chapter we describe:

¢ the methods used to identify eligible reports of
RCTs published from 1950 to date
¢ information management.

Developing a citation database

The process had three phases: definition of
inclusion criteria, identification of reports, and
information management.

Inclusion criteria
A report was regarded as eligible if both the
following criteria were fulfilled.

¢ Allocation of patients to the intervention was
described as randomised (no precise description
of the method of randomisation was required),
or as double-blind, or as both, or if it was
suggested that the interventions were given at
random and/or under double-blind conditions.

* Analgesic interventions with pain or adverse
effects as outcomes, and/or any intervention
using pain as an outcome measure,
were compared.
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Reports were excluded which investigated
analgesic effectiveness during (as opposed to
after) diagnostic or surgical procedures.

Identification of reports

Details of the process are presented elsewhere.®
Since that publication, the major changes are in
the use of other databases as well as MEDLINE.
Searching EMBASE, the Cochrane Library,
CINAHL and PsycLIT is now part of our standard
operating procedures (see Figure 3).

searches on:
MEDLINE
EMBASE
Cochrane
Library
CINAHL
PsycLIT

RCT
citation
database

—

handsearching references
from other papers

FIGURE 3 Finding the citations

MEDLINE search for RCTs published
from 1966 to date

The records identified by the optimised
MEDLINE search strategy (7able 2) were
downloaded (Biblio-Link version 1.1, Personal
Bibliographic Software, Inc.) and transferred

to a reference management program (Pro-Cite,
Personal Bibliographic Software, Inc., version
2.1). The records were then sorted in alphabetical
order and each downloaded record was checked
on-screen for definite eligibility, probable eligibility
or ineligibility and coded accordingly within

each Pro-Cite record. Hard copies of eligible

and probable documents were obtained and,

if necessary, translated, and eligibility was

then confirmed.

Hand-searching of journals published
from 1950 to date

A Pro-Cite file of all the records regarded as
eligible and probably eligible (1950-90) was
created. This file was used to produce a list of the
50 journals with the highest yield. These journals
were then searched by hand to find RCTs. These
RCTs, either missed by MEDLINE indexing, or in
non-indexed journals, were then added to the
citation database if perusal of the hard copy
confirmed that they were indeed RCTs.

TABLE 2 Refined high-yield MEDLINE search strategy

Step
number

2

20

21

22

23

Request

PAIN*
explode PAIN / all subheadings in MeSH
ANALG*

explode ANALGESIA / all subheadings
in MeSH

explode ANALGESICS / all subheadings
in MeSH

CLINICAL
TRIALS
CLINICAL TRIALS

EXPLODE CLINICAL-TRIALS /
all subheadings in MeSH

RANDOM*

RANDOM-ALLOCATION (term allows
no subheadings) in MeSH

RANDOMIZED-CONTROLLED-TRIALS /
all subheadings in MeSH

DOUBLE
BLIND
DOUBLE BLIND

DOUBLE-BLIND-METHOD (term allows no
subheadings) in MeSH

META-ANALYSIS

META-ANALYSIS (term allows no
subheadings) in MeSH

HUMAN

(#! or #2 or #3 or #4 or #5) and (HUMAN
in MeSH)

HUMAN

(#8 or #9 or #10 or #1 | or #12 or #15 or
#16 or #17 or #18) and (HUMAN in MeSH)

#20 and #22

Management of the information

The citation database is maintained as a Pro-Cite
file. The number in that database is used as the
unique identifying number for the hard copy.
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Trends in the numbers of RCTs
in pain relief research published,
1950-90

For 1956-80, there were twice as many reports
of RCTs published in each successive 5-year
period. For 1980-90 the number of reports
increased by more than 1000 per 5-year period.
More than 85% of the reports identified were
published in the last 15 years. This is illustrated
by the trend in the number of RCTs published
in the journal Pain over the past 20 years

(Figure 4).

A simple breakdown (Table 3) showed that 54%

of the reports were in acute pain, 43% in chronic
non-cancer and 3% in chronic cancer. Pharmaco-
logical reports were commonest (75%), with 14%
classified as invasive, 7% as reports of physical

Number of RCTs
120 -

100 -

40

20

1975-79 1980-84

Publication years

1985-89 199094

FIGURE 4 RCTs in the journal Pain from 1975 to 1994

TABLE 3 Pain trials database 1950-94

Acute Chronic Cancer Total %
Complementary 112 223 10 345 2
Invasive 1697 336 34 2067 14

Pharmacological 5390 4978 337 10,705 75

Physical 402 501 36 939 7
Psychological 100 191 10 301 2
Total 7701 6229 427 14,357

% 54 43 3

interventions, and 2% each for psychological
and complementary treatments.

Conclusions

The importance of basing systematic reviews on

the highest quality evidence (randomised trials) is
obvious from our experience in the pain field,” and
from the experience of others. This means that very
considerable time and effort has to be spent to
gather all the relevant material for each review.

The process described here gives an outline of what
is a laborious task. The addition of another year’s
citations, maintaining the existing database (now
15,000 citations), and the associated chores are a
full-time job. To make the information accessible to
others we have contributed our citations of known
RCTs to the Cochrane Library, and to the compilers
of MEDLINE (National Library of Medicine), to
ensure that all the RCTs found only by hand-
searching are tagged.

References

1. Schulz KF, Chalmers I, Hayes R], Altman DG.
Failure to conceal treatment allocation schedules
in trials influences estimates of treatment effects.
Control Clin Trials 1994;15:63—4S.

2. Chalmers I, Dickersin K, Chalmers T. Getting to
grips with Archie Cochrane’s agenda. BMJ
1992;305:786-7.

3. Jadad AR, McQuay HJ. A high-yield strategy to
identify randomized controlled trials for systematic
reviews. Online | Curr Clin Trials 1993; Doc no 33.

4.  Simes R]J. Confronting publication bias: a cohort
design for meta-analysis. Stat Med 1987;6:11-29.

5. Hetherington J, Dickerson K, Chalmers I, Meinert
C. Retrospective and prospective identification of
unpublished controlled trials: lessons from a survey
of obstetricians and pediatricians. Pediatrics
1989;84:374-80.

6. Jadad AR, Carroll D, Moore A, McQuay H.
Developing a database of published reports of
randomised clinical trials in pain research. Pain
1996;66:239-46.

7. Carroll D, Tramér M, McQuay H, Nye B, Moore A.
Randomization is important in studies with pain
outcomes. Systematic review of transcutaneous
electrical nerve stimulation in acute postoperative
pain. Br J Anaesth 1996;77:798-803.






Health Technology Assessment 1998; Vol. 2: No. 12

Chapter 3

Judging the quality of the trials

O nce all the reports of the trials relevant to
your question have been found, there is
another stage in the process. This is to confirm
that, first, these reports meet certain quality
standards and, second, even though a report may
pass those quality standards, whether the trial is
valid. Imagine a situation where 40 reports of
relevant trials were found. Twenty of the reports

say that the intervention is terrific, and 20 conclude
that it should never be used. Delving deeper, the

20 ‘negative’ reports are found to score highly

on your quality standards scale, whereas the

20 ‘positive’ reports score poorly. The quality scale
should include measures of bias. Bias is the simplest
explanation why poor quality reports give more
positive conclusions than high quality reports.

The quality standards which are required cannot be
absolute, because for some clinical questions there
may not be any RCTs. Setting RCTs as a minimum
absolute standard would therefore be inappro-
priate for some of the questions to which we might
want answers. In the study of pain, however, there
are two reasons for setting this high standard, and
requiring trials to be randomised. The first reason
is that there are, particularly for drug interventions,
quite a number of RCTs. The second, we would
argue, is that that it is even more important to
stress the minimum quality standards of random-
isation and double-blinding when the outcome
measures are subjective.

This chapter describes briefly the development of a
quality scale which was then used for the systematic
reviews which follow. A detailed description of the
way the scale was developed and tested has been
published.! The chapter concludes with our
current views on this and other quality scales.

Developing and validating a
quality scale

Previous methods to measure the ‘quality’ of
clinical reports and incorporate the results in
systematic reviews may all be criticised because of
failure to define quality and because they were not
validated.*® The danger is that using these scales
might lead to conclusions in the review as incon-
sistent and unreliable as the component studies.

What makes a trial worthy of the label ‘high
quality’? Quality could refer to the clinical rele-
vance of the study, to the likelihood of biased
results, to the appropriateness of the statistical
analysis, to the presentation of the data, or to the
ethical implications of the intervention or to the
literary style of the manuscript. We consider that
quality must primarily indicate the likelihood that
the study design reduced bias. Only by avoiding
bias is it possible to estimate the effect of a given
intervention with any confidence.

The purpose of our scale is to assess the likelihood
of the trial design to generate unbiased results and
approach the ‘therapeutic truth’. This has also
been described as ‘scientific quality’.'” Other trial
characteristics, such as clinical relevance of the
question addressed, data analysis and presentation,
literary quality of the report or ethical implications
of the study, are not included in our definition.

The aims of the scale are as follows.

1. To assess the scientific quality of any clinical
trial in which pain is an outcome measure
or in which analgesic interventions are
compared for outcomes other than pain
(e.g. a study looking at the adverse effect
profile of different opioids).

2. To allow consistent and reliable assessment of
quality by raters with different backgrounds,
including researchers, clinicians, professionals
from other disciplines, and members of the
general public.

The judges

A multidisciplinary panel of six judges was
assembled (a psychologist, a clinical pharma-
cologist, a biochemist, two anaesthetists, and
aresearch nurse), all with an interest in pain
research. The definition of quality and the
purposes of the scale were discussed. Each judge
then had to produce a list of suggested items to be
included on the scale. To generate the items, the
judges used both criteria published previously and
their own judgement. The suggestions were then
combined in a single list of 49 items.

Using a modified nominal group approach to
reach consensus,'® the judges assessed the face
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validity of each of the items, according to estab-
lished criteria."? Items associated with low face
validity were deleted. An initial instrument was
created from the remaining items.

The initial instrument was pre-tested by three
raters on 13 study reports and problems in clarity
and/or application of each of the items were
identified. The panel of judges then modified the
wording of the items accordingly and produced
detailed instructions describing how each of the
items should be assessed and scored. The items
were classified by their ability to reduce bias
(direct or indirectly), and individual scores were
allocated to them by consensus. The frequency
of endorsement, consistency and validity of each
item were then assessed (see Figure 5).

6 judges —» Variables considered (49 items)

Consensus meeting
(criteria for face validity)

Pilot instrument
('l items)
14 raters
36 reports

Frequency of endorsement
Inter-observer agreement
Construct validity
Refined instrument
(3 items)

FIGURE 5 Developing the scale

Final version of the scale

The final version of the scale contains the three
items with highest frequency of endorsement (see
Table 4). Advice on using the scale is presented in
Table 5, and the method of scoring RCTs is shown
in Table 6.

Open versus blind assessments

A chastening finding during the development of
the scale was that blind assessment (not knowing
authors, journal, year, etc.) of reports produced
significantly lower and more consistent quality
scores than open assessments.' This has important
implications, because the cost of organising truly
blind assessment is very considerable.

Comments on the scale

The three-point scale is simple, short, valid and
reliable. The results suggest that even for those

without clinical or research experience in pain
relief, it should be possible to score the quality
of research reports consistently. Our particular
purpose was to allow differential analysis to be
undertaken within our systematic reviews based
on the quality of the individual primary studies —
but the scale may have much wider use.

Chalmers suggested many years ago that the quality
of clinical reports should be assessed blind.? In our
study, such blinded assessment was found to produce
significantly lower scores. This may be very important
if absolute cut-off scores are imposed by systematic
reviewers, and if quality scores are used to weight

the results of primary studies in subsequent meta-
analysis.'®® The results of open evaluations are good
enough for busy readers. The improved reliability
with blind testing is of more relevance to journal
editors, for manuscript selection, and to systematic
reviewers. Quality scales without clinimetric
evaluation have already been used in pain work to
support the conclusions of systematic reviews.'>'*!*

None of the items on the scale are specific to pain
studies. The three items are very similar to the
components of a scale used extensively to assess the
effectiveness of interventions during pregnancy
and childbirth,® and also appear in most other
scales. Control of selection bias and rater bias is
obviously regarded as crucial to quality.

Selection bias is best controlled by allocating
patients at random to the different study groups.
Each patient should have the same probability of
being included in each comparison group, and
the allocation should be concealed until after the
patient has consented to take part. Methods of
allocation based on alternation, date of birth or
hospital record number cannot be regarded as
random. Failure to secure proper randomisation
increases the likelihood that potential participants
in a ‘randomised’ study will be admitted to the
study selectively because of prior knowledge of
the group to which they would be allocated or
excluded selectively before formal admission to
the study.* Ideal methods of randomisation are
those in which individuals with no direct relation-
ship to the study participants are in charge of the
allocation (e.g. allocation by telephone from a
central coordinating office, concealed from the
investigators). Appropriate simpler alternatives
are coin tossing, tables of random numbers and
numbers generated by computers, but these
carry a higher risk of selective selection.

All of these methods are regarded as appropriate
for the purposes of our scale, although we are
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TABLE 4 Scale (3-point) to measure the likelihood of bias in pain research reports

This is not the same as being asked to review a paper. It should not take more than 10 minutes to score a report and there
are no right or wrong answers.

Please read the article and try and answer the following questions (see attached instructions).

I. Was the study described as randomised (this includes the use of words such as randomly, random and randomisation)?
2. Was the study described as double-blind?
3. Was there a description of withdrawals and drop-outs?

Scoring the items
Award a score of | point for each ‘yes’ and 0 points for each ‘no’. There are no in-between marks.

Give | additional point if: On question |, the method of randomisation was described and it was appropriate (table of
random numbers, computer-generated, coin tossing, etc.)

and/or if: On question 2, the method of double-blinding was described and it was appropriate
(identical placebo, active placebo, dummy, etc.)

Deduct | point if: On question |, the method of randomisation was described and it was inappropriate
(patients were allocated alternatively, or according to date of birth, hospital number, etc.)

and/or if: On question 2, the study was described as double-blind but the method of blinding was
inappropriate (e.g. comparison of tablet vs. injection with no double-dummy)

TABLE 5 Advice on using the scale

I Randomisation

If the word randomised or any related words such as random, randomly, or randomisation are used in the report but the
method of randomisation is not described, give a positive score to this item. A randomisation method is regarded as
appropriate if it allows each patient the same chance of receiving each treatment but investigators could not predict which
treatment was next. Methods of allocation using date of birth, date of admission, hospital numbers or alternation should not
be regarded as appropriate.

2 Double-blinding
A study must be regarded as double-blind if the term double-blind is used (even without describing the method) or if it is
implied that neither care giver nor patient could identify the treatment being assessed.

3 Withdrawals and drop-outs

Patients included in the study but who did not complete the observation period or who were not included in the analysis
must be described. The humber and the reasons for withdrawal must be stated. If there are no withdrawals, it should be
stated. If there is no statement on withdrawals, a negative score (0 points) must be given.

aware that selective selection is still possible TABLE 6 Scoring RCTs (maximum 5, minimum |)
even when the group allocation is concealed
until after consent has been obtained. The Score

randomisation method is rated as inappropriate
if the potential participants did not have the
same chance of being included in any of the
comparison groups (methods based on date of Appropriate?
birth, hospital number or alternation). Even with yes (table) |
excellent randomisation, selection bias may still no (alternative) -
be introduced if biased and selective withdrawals Double-blind?
and drop-outs occur after the allocations have yes
been made.” This is why an adequate description A o

i . R ppropriate?
of withdrawals and drop-outs is included in the yes (double-dummy) |
scale. With this information it is possible to analyse no _
on an intention-to-treat basis (that is, all those
randomised whether or not they were exposed
to the study interventions®). yes 13

Randomised?
yes

Withdrawals described?



Judging the quality of the trials

Rater bias can be minimised by blinding the person
receiving the intervention, the individual adminis-
tering it, the investigator measuring the outcome
and the analyst. Blinding can be tested by asking
the study patients and the researchers which inter-
vention they had. This is not often done. The usual
‘best’ level of blinding is of the study subject and
those making the observations (double-blinding).
Double-blinding is often achieved by using control
interventions with similar physical characteristics
to those of the intervention under evaluation, or
by the use of dummies when two or more inter-
ventions have to be given by different routes.

Sometimes, however, one of the interventions

may produce effects which make blinding very
difficult to sustain. Then the use of active placebos
or active controls may decrease the likelihood of
rater bias. All these precautions are relatively easy
to achieve in pharmaceutical studies. In non-drug
studies, testing under blind conditions is either
difficult or inappropriate (e.g. surgical procedures)
or impossible (e.g. acupuncture or TENS). The
risk of rater bias limits the confidence with which
conclusions can be reached. Studies which are

not double-blind are known to risk an average
exaggeration of treatment effect of 17% (Box 1).**

BOX 1 Effect of randomisation and blinding
on treatment effect®

Overestimation
Inadequate  Unclear
Randomisation: concealment
of treatment allocation 41% 30%
Blinding
If not double-blind 17%

Is this important in every setting? (unconscious)
Is this practical in every setting? (surgery)
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Chapter 4

Pain measurement, study design and validity

he efficacy of analgesic interventions is judged

by the change they bring about in the patient’s
report of pain. A brief description of methods of
pain measurement follows. In the second part of
this chapter, the problems and some solutions
when using pain measurement data for systematic
reviews are discussed.

Pain measurement

Pain is a personal experience which makes it
difficult to define and measure. It includes

both the sensory input and any modulation by
physiological, psychological and environmental
factors. Not surprisingly, there are no objective
measures — there is no way to measure pain directly
by sampling blood or urine, or by performing
neurophysiological tests. Measurement of pain must
therefore rely on recording the patient’s report. The
assumption is often made that because the measure-
ment is subjective it must be of little value. The
reality is that, if the measurements are made prop-
erly, remarkably sensitive and consistent results can
be obtained. There are contexts, however, in which
it is not possible to measure pain at all, or when
reports are likely to be unreliable. These include
impaired consciousness, young children, psychiatric
pathology, severe anxiety, unwillingness to cooper-
ate, and inability to understand the measurements.
Such problems are deliberately avoided in trials.

Measurement scales
Most analgesic studies include measurements of
pain intensity and/or pain relief, and the common-

est tools used are categorical and visual analogue
scales (VAS).

Categorical and visual analogue scales
Categorical scales use words to describe the
magnitude of the pain and were the earliest pain
measure.' The patient picks the most appropriate
word that describes a pain. Most research groups
use four words (none, mild, moderate and severe).
Scales to measure pain relief were developed later.
The most common is the five category scale (none,
slight, moderate, good or lots, and complete).

For analysis purposes, numbers are given to the
verbal categories:

® pain intensity — none = 0, mild = 1, moderate = 2,
severe = 3

¢ pain relief — none = 0, slight = 1, moderate = 2,
good or lots = 3, complete = 4.

Data from different subjects is then combined

to produce means (rarely medians) and measures
of dispersion (usually standard errors of means).
The validity of converting categories into numerical
scores was checked by comparison with concurrent
VAS measurements. Good correlation was found,
especially between pain relief scales using cross-
modality matching techniques.> Results are
usually reported as continuous data, mean or
median pain relief or intensity. Few studies

present results as discrete data, giving the number
of participants who report a certain level of pain
intensity or relief at any given assessment point.
The main advantages of the categorical scales

are that they are quick and simple. However, the
limited number of descriptors may force the
scorer to choose a particular category when

none of them describes the pain satisfactorily.

The VAS, a line with left-hand end labelled

‘no relief of pain’ and right-hand end labelled
‘complete relief of pain’ (Figure 6), seem to over-
come this limitation. Patients mark the line at the
point which corresponds to their pain. The scores
are obtained by measuring the distance, usually
in millimetres, between the no relief end and the
patient’s mark. The main advantages of VAS are
that they are simple and quick to score, avoid
imprecise descriptive terms and provide many
points from which to choose. More concentration
and coordination are needed, however, which
can be difficult postoperatively or with
neurological disorders.

Pain relief (PR) scale

NO COMPLETE
relief relief
of pain of pain

Pain intensity (Pl) scale

LEAST WORST
possible possible
pain pain

FIGURE 6 Visual analogue scales
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Pain relief scales are perceived as more con-
venient than pain intensity scales, probably
because patients have the same baseline relief
(zero) whereas they could start with different
baseline intensity (usually moderate or severe).
Relief scale results are thus easier to compare.
They may also be more sensitive than intensity
scales.*” A theoretical drawback of pain relief
scales is that the patient has to remember what
the pain was like to begin with.

Other tools

Verbal numerical scales and global subjective
efficacy ratings are also used. Verbal numerical
scales are regarded as an alternative or comple-
mentary to the categorical and VAS scales. Patients
choose a number for the pain intensity or relief
(for pain intensity, 0 usually represents no pain
and 10 the maximum possible, and for pain relief,
0 represents none and 10 complete relief). They
are very easy and quick to use, and correlate well
with conventional VASs.°

Global subjective efficacy ratings, or simply global
scales, are designed to measure overall treatment
performance. Patients are asked questions such as,
‘How effective do you think the treatment was?” and
answer using a labelled numerical or a categorical
scale. Although these judgements probably include
adverse effects they can be the most sensitive in
discriminating between treatments. One of the
oldest scales was the binary question, ‘Is your pain
half gone?’. It has the advantage that it has a clearer
clinical meaning than a 10 mm shift on a VAS. The
disadvantage, for the small trial intensive measure
pundits at least, is that all the potential intermediate
information (1-49% or > 50%) is discarded.

Analgesic requirements (including patient-
controlled analgesia, PCA), special paediatric
scales, and questionnaires (such as McGill) are
also used. The limitation to guard against is that
they usually reflect other experiences as well as
or instead of pain.”

Judgement by the patient rather than by the carer
is the ideal. Carers tend to overestimate the pain
relief compared with the patient.

Analysis of scale results -

summary measures

In the research context, pain is usually assessed
before the intervention is made and then on
multiple occasions. Ideally, the area under the
time—analgesic effect curve for the intensity (sum
of pain intensity differences, SPID) or relief (total
pain relief; TOTPAR) measures is derived.

SPID = SPID, TOTPAR = PR,

1=0-6 t=0-6

Where at the ¢th assessment point (¢=0, 1, 2,..., n),
P,and PR, are pain intensity and pain relief mea-
sured at that point, respectively, P, is pain intensity
at t= 0 and PID, is the pain intensity difference
calculated as (P, —P,).

These summary measures reflect the cumulative
response to the intervention. Their disadvantage is
that they provide no information about the onset
and peak of the analgesic effect. If onset or peak
are important, then time to maximum pain relief
(or reduction in pain intensity) or time for pain to
return to baseline are necessary.

Using pain measurement data for
systematic reviews

Standardising the summary measures
The method used to standardise TOTPAR values,
derived from a categorical verbal rating scale of
relief (CATPR), is shown in Figure 7. The actual
TOTPAR value is divided by the maximum possible
TOTPAR score (maximum duration in hours
multiplied by the maximum pain relief score)

and converted to a percentage.

This calculation presumes that categorical relief
score data is available. One major problem we
faced is that not all trials use this classic scale. In

4 maxTOTPAR
3
CATPR 2
| TOTPAR
0
0 2 4 6

Time (hours)

Categorical verbal rating scale pain relief (CATPR):
0 = none, | = slight,2 = moderate, 3 = good, 4 = complete

TOTPAR
—— x 100 = % maxTOTPAR
maxTOTPAR

FIGURE 7 Calculating percentage of maximum possible pain
relief score
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order to include trials which used different scales,
ways of converting those different scales back to the
common denominator of % maxTOTPAR had to
be developed. The development and validation of
these methods is discussed in chapter 5. We still
cannot include trials which use analgesic drug
consumption (e.g. PCA), or trials which use non-
standard scales.

The hazard for meta-analysis is that if many papers
have to be discarded because they do not use stand-
ard scales, are the remaining trials representative?
For most drug interventions this has not proved

to be a major problem, because the majority of
trials used standard methods. However, there are
exceptions. For some older drugs, such as dihydro-
codeine, remarkably few trials were found which
used standard methods. For academically inspired
investigations, as opposed to trials required for
drug registration, many trials which use non-
standard methods have had to be excluded.

Restricting to moderate and severe
initial pain intensity

The trail blazers of analgesic trial methodology
found that if patients had no pain to begin with, it
was impossible to assess analgesic efficacy, because
there was no pain to relieve. To optimise trial sensi-
tivity, a rule was developed — only those patients
with moderate or severe pain intensity at baseline
would be studied. Patients with mild pain or no
pain would not.

This study has stayed true to this rule; trials of a
given intervention have been excluded if the trials
studied patients with mild or no initial pain. As with
exclusions because of non-standard methods, there
have been few pharmacological trials where the
rule on baseline pain has led to exclusion but for
pre-emptive techniques and local anaesthetic
blocks it has been a major problem.

How do you know what is moderate or
severe pain on a pain intensity VAS?

The usual criterion to ensure adequate sensitivity for
analgesic trials is to test the intervention on patients
who have established pain of moderate to severe
intensity. When a VAS is the only pain measure in

a trial we need to know what point on it represents
moderate pain, so that the trial can be included in a
meta-analysis with an inclusion criterion of baseline
pain of at least moderate intensity.

In order to answer this question, individual patient
data from 1080 patients from RCTs of various anal-
gesics were used.® Baseline pain had been measured
using both a four-point categorical pain intensity

scale and a VAS pain intensity scale. The distribution
of the VAS scores was checked for 736 patients re-
porting moderate pain and for 344 reporting severe
pain. The VAS scores corresponding to moderate or
severe pain were also checked by gender.

Baseline VAS scores for patients reporting
moderate pain were significantly different from
those of patients reporting severe pain (see Table 7
and Figure 8). Of the patients reporting moderate
pain, 85% scored over 30 mm on the correspond-
ing VAS, with a mean score of 49 mm. For those
reporting severe pain, 85% scored over 54 mm with
a mean score of 75 mm. There was no difference
between the corresponding VAS scores for men
and women. These results indicate that if a patient
records a baseline VAS score in excess of 30 mm
they would probably have recorded at least
moderate pain on a four-point categorical scale.

TABLE 7 Descriptive statistics for the distribution of VAS pain
intensity scores

Baseline Pain

(using a 4-point categorical scale)

Moderate Severe
n 736 344
Mean (mm) 49 75
Standard deviation 17 18
Median (mm) 49 76
90% patients > (mm) 26 49
85% patients > (mm) 30 54

Study design and validity

Pain measurement is one of the oldest and most
studied of the subjective measures, and pain scales
have been used for over 40 years. Even in the early
days of pain measurement there was understanding
that the design of studies contributed directly to
the validity of the result obtained. Trial designs
which lack validity produce information that is,

at best, difficult to use and, at worst, useless.

Placebo

People in pain respond to placebo treatment. Some
patients given placebo obtain 100% pain relief (see
chapter 5). The effect is reproducible, and some
work has been done to try and assess the character-
istics of the ‘placebo responder’ by gender, race
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Categorical scale — moderate pain
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FIGURE 8 Frequency distributions of initial VAS pain intensity
scores by initial categorical verbal pain intensity

and psychological profile. None has succeeded but
women are known to respond better than men to
some analgesics, getting more analgesia from the
same plasma concentration of drug.

RCT

Because the placebo response was an established
fact in analgesic studies, randomisation was used
early in studies to try to avoid any possibility of bias
from placebo responders, and to equalise their
numbers in each treatment group. This was true
even in studies without placebo, since an excess of
placebo responders in an active treatment arm of a
study might inflate the effects of an analgesic.

Sensitivity

Particularly for a new analgesic, a trial should prove
its internal sensitivity — that is that the study is an
adequate analgesic assay. This can be done in several
ways. For instance, if a known analgesic (such as

paracetamol) can be shown to have statistical
difference from placebo, then the analgesic assay
should be able to distinguish another analgesic of
similar effectiveness. Alternatively, two different
doses of a standard analgesic (such as morphine)
could be used — showing the higher dose to be
statistically superior to the lower dose again provides
confidence in the sensitivity of the assay.

Failure to demonstrate sensitivity in one assay
invalidates the results from that particular assay.
However, the results could still be included in
meta-analysis.

Equivalence

Studies of analgesics of an A versus B design are
notoriously difficult to interpret (Figure 9). If there
is a statistical difference, then that suggests sensi-
tivity. Lack of a significant difference (Figure 9, top
graph) means nothing — there is no method by
which to determine whether there is an analgesic
effect which is no different between A and B, or
whether the assay lacks the sensitivity to measure a
difference that is actually present.

This is not just a problem for pain studies.*'
Designs which minimise these problems include
using two doses of a standard analgesic plus
placebo to establish sensitivity (Figure 9, middle and
bottom graphs). Simple calculations could show
what dose of the new analgesic was equivalent to
the usual dose of the standard analgesic.

Problems

The correct design of an analgesic trial is situation-
dependent. In some circumstances, very complex
designs have to be used to ensure sensitivity

and validity.

No gold standard

There may be circumstances in which there is

no established analgesic treatment of sufficient
effectiveness to act as a gold standard against
which to measure a new treatment, as is often the
case in chronic pain. Clearly, the use of placebo
or no-treatment controls is of great importance,
especially when effects are to be examined over
prolonged periods of weeks or months.

However, paradoxically, it is these very circum-
stances in which ethical constraints act against
using placebo or non-treatment controls because
of the need to do something. In acute pain studies,
conversely, there are few problems with using
placebos, since the failure of a placebo (or any
treatment) can be dealt with by prescribing
additional analgesics which should work.
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When there is no pain to begin with
Clearly, where there is no pain it is difficult to
Equivalence: danger of A vs. B negatives measure an analgesic response. Yet a number of
studies seek to do this by pre-empting pain, or by
using an intervention where there is no pain
(intraoperatively, for instance) to produce
analgesia when pain is to be expected.

Was there no difference?
Was there a difference which was missed?

A
These are difficult but not impossible circum-
PR stances in which to conduct research. Meticulous
B attention to trial design is necessary to be able to
demonstrate differences.
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Chapter 5

Estimating relative effectiveness

M inor analgesics, such as paracetamol,
ibuprofen and combinations with opiates like
codeine or dextropropoxyphene, are used often to
treat pain. There are few direct comparisons, one
with another, but most trials contain a placebo,
which has the potential to be the universal com-
parator. Instead of measuring relative effectiveness
through multiple comparisons of different drugs,
it should be possible to compare the absolute
effectiveness of analgesics against placebo.

Some aspects of clinical trial methods relating

to the placebo response in clinical trials of single
doses of analgesics using classical methods are
examined in this chapter. The ways in which data
can be extracted from published studies for use
in meta-analysis are then determined.

Placebo responses in
analgesic trials

The placebo response is confusing.! Two common
misconceptions are that a fixed fraction (one-third)
of the population responds to placebo and that the
extent of the placebo reaction is also a fixed frac-
tion (again about one-third of the maximum possi-
ble?). As Wall points out, these ideas stem from a
misreading of Beecher’s work of 40 years ago.!

In Beecher’s five acute pain studies, 139 patients
(31%) of 452 given placebo had 50% or more relief
of postoperative pain at two checked intervals.? The
proportion of patients who had 50% or more relief
of pain varied across the studies, ranging from 15%
to 53%. There was neither a fixed fraction of
responders, nor a fixed extent of response.

Placebo responses have also been reported as
varying systematically with the efficacy of the active
analgesic medicine. Evans pointed out that in seven
studies the placebo response was always about 55%
of the active treatment, whether that was aspirin or
morphine: the stronger the drug, the stronger the
placebo response.*

Randomised, double-blind trials are meant to
eliminate (or at least minimise) both selection
and observer bias; Evans’ observation suggests
that significant observer bias occurs. Wall' rightly

questions the blindness of these trials if this result
was correct, and elegantly dissects the areas where
‘leakage’ of blinding can occur (patient—patient,
patient-doctor, patient-nurse).

Both these observations call into question the
validity of the methods used to gather the data.

If the methods are faulty, how reliable are the
answers? Therefore, in the first part of this chapter
the nature of the variation in placebo responses in
five randomised, double-blind, parallel-group trials
in postoperative pain is examined, together with
the relationship of the variation to the analgesic
effectiveness of the active treatments.

Methods

Individual patient data was used from five placebo-
controlled double-blind RCTs, performed over a
10-year period by the Pain Research Group in
Oxford, in which the analgesic effects of various
drugs in postoperative pain were investigated.” All
were randomised, double-blind and parallel-group
trials of single doses of drugs given orally. Random-
isation was made using random number tables.
Drugs were prepared outside the hospital in which
the studies were done. Treatment codes were not
broken until the studies were finished. All drugs
used within a study were identical. Drugs were
given in a standardised way by the nurse observer.
The methods used by the trained nurse observers
to measure pain were identical. Patients were asked
a standardised battery of questions in a fixed order
at each assessment point in the studies. All patients
knew that a placebo was one of several possible
treatments. All patients had moderate or severe
pain within 72 hours of their operations, and all
were aware that they could withdraw from the
study at any time for any reason.

Each study used five scales for pain; three for

pain intensity and two for pain relief. Of these

the five-point CATPR scale for pain relief (0 =
none, 1 = slight, 2 = moderate, 3 = good, 4 =
complete) was chosen for this analysis because it
was closest to Beecher’s original method. For each
patient the area under the curve of pain relief
(categorical scale) against time was calculated
(TOTPAR). The percentage of the maximum
possible for this summary measure was then
calculated (% maxTOTPAR).! 23
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FIGURE 10 Distribution of % maxTOTPAR scores for the
130 patients given placebo (B) and for the 395 patients given
active drugs (O)

Results

In the five trials 130 patients had a placebo.
Individual patients’ scores with placebo varied from
0 to 100% of the maximum possible pain relief.

The distribution of these % maxTOTPAR scores
is shown in Figure 10. In the five trials, 395 patients
were given active drugs. Individual patient scores
with different active drugs varied from 0% to 97%
of the maximum possible pain relief. The distri-
bution of these % maxTOTPAR scores for the
active drugs is shown in Figure 10.

The mean % maxTOTPAR scores for the five
placebo groups varied from 11% to 29%, and the
mean scores for the active drugs varied from 12%
to 49%. The relationship between the mean scores
for the active drugs and the mean placebo scores
is shown in Figure 11. Mean placebo scores were
related to the mean score for the active drugs in
each trial such that the higher the active score, the
higher the placebo score. A similar relationship
obtained for the best and for the worst active drug
from each of the five trials. On average, the mean
placebo results were 54% of the mean active results
based on a slope of 0.54; 95% confidence intervals
(CIs) around the slope, 0.03-1.08.

The relationship between the median scores for
active and placebo treatments is also shown in
Figure 11. There was little relationship between

the two and, on average, the median placebo score
was less than 10% of the median active drug score.
The slope to the regression line was 0.12 (95% Cls,
-0.24, 0.48) and included no relationship between
placebo response and extent of the response to
active analgesic.

B Mean y = 0.543x — 0.139,r% = 0.765
O Median y = 0.120x + 2.300,r? = 0.278

Placebo (% maxTOTPAR)
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o
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Active (% maxTOTPAR)

FIGURE Il % maxTOTPAR placebo and active scores for
five trials

The same pattern of results was also found when
the analysis was repeated using the results from
the VAS for pain relief.

Comment

The variation of the placebo response in the acute
pain setting found by Beecher some 40 years ago is
confirmed by these results. Using the dichotomous
measure of greater than 50% pain relief at 45 and
90 minutes, Beecher found that a range of 15-53%
of patients given placebo had better than 50%
relief in five acute pain studies.” Here, using the
derived dichotomous measure of 50% maximum
pain relief, a range of 7-37% of patients given
placebo achieved better than 50% relief across

the five studies (see Table 8).

In analgesic trials the response of a group of
patients to a treatment is usually described not
as a dichotomous variable (like the proportion
of patients with at least 50% relief), but rather
as a continuous variable (the mean extent of the
response). The common description of pain
intensity difference or pain relief is thus as the
mean with standard deviations or standard
errors of the mean, as if the data were

normally distributed.

Patient responses were not normally distributed,
either for patients given placebo or for those given
an active treatment (Figure 10). The predominant
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TABLE 8 Results with placebo; mean (SD), median (interquartile range) and number of patients with > 50% of % maxTOTPAR in

the five studies

Study No. Mean % Median % Number of patients % of patients with
maxTOTPAR maxTOTPAR with > 50% of at least 50% of
(SD) (interquartile range) % maxTOTPAR % maxTOTPAR
Porter, et al.® 21 11.9 (19.3) 3.1 (164) 2 10
Evans, et al.® 30 29.4 (29.1) 14.0 (53.0) I 37
McQuay, et al.” 19 20.1 (29.1) 3.1 (27.3) 4 21
McQuay, et al.® 30 10.7 (17.8) 2.1 (8.3) 2 7
McQuay, et al.’ 30 16.9 (21.2) 8.3 (25.0) 2 7

group was that getting less than 10% of maximum
relief — 62% of patients given placebo and 37%

of those given an active treatment. In these
circumstances, the use of a mean as a description
is not valid, and the use of a median is more
sensible. Averaging results to describe them

is a historical hangover.

In describing the placebo groups, therefore, the
range of mean placebo response of 11-29% of
maximum (7able 8) becomes a range of median
placebo response of 2-14% and a range of the
proportion of patients with at least 50% of %
maxTOTPAR of 7-37%. Regressing median
placebo response against median active response
from the same five trials yielded a poor correlation,
with a regression line no different from the hori-
zontal, which would be the expected result if there
was no bias. The idea that there is a constant
relationship between active analgesic and placebo
response is therefore an artefact of using an
inappropriate statistical description.

It is the comparison of the mean data from placebo
and active treatments that led to the observation*
that placebo is about 55% as effective as an active
treatment, whatever active treatment is used. In the
five trials here, comparison of the mean placebo
response with the mean active treatment (Figure 11)
produced a regression with a slope of 0.54 — exactly
the same result!

This defies logic unless there was considerable bias
despite randomisation and the use of double-blind
methods, and would, if true, undermine the con-
fidence placed in analgesic trial results. But is

it true?

Randomisation controls for selection bias, and the
double-blind design is there to control observer
bias. Patients knew a placebo was one possible

treatment, and the investigators knew the

study design and active treatments; it has been
suggested that this can modify patients’ behav-
iour."'2 A small number of patients may have had
opportunities to communicate with each other.
Doctors who knew the trial design obtained con-
sents from patients, and this may also be a source
of bias.”” The nurse observer spent most time with
the patients, but in standardised situations. This
would be the most likely source of bias, as the nurse
might be able to influence a patient’s response

by his/her demeanour based on experience of
other patients’ reactions. That would produce
time-dependent changes in study results that
have been observed before.'*

Bias may still occur but its effects are slight, and
this has important consequences. It means that
results obtained over a range of clinical conditions
and times may be combined in meta-analyses with
confidence. Ggtzsche has confirmed similar magni-
tudes of effect for NSAIDs in active and placebo-
controlled studies," showing that the presence of
a placebo does not affect the active treatment —

the alternative hypothesis.

Deriving dichotomous outcome
measures from continuous data
in RCTs of analgesics

The problem is that, in most published trial
reports, the only value available which describes
the magnitude of analgesic effect is the mean and
standard deviation of the SPID or TOTPAR. Is it
possible, then, to use this to generate other, more
useful data with which meta-analysis can work with
confidence? Meta-analytic outcomes using mean
values from different trials have been explored,'®!”
but the result is a complicated analysis which is
not intuitively accessible to doctor or patient. If
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individual patient information was available from
every RCT of analgesics, dichotomous data could
be extracted for NNT calculations. The reality is
that individual patient data is not available, so that
the problem is how to derive dichotomous out-
comes from the published mean data. A full version
of these arguments is published elsewhere.'®

A proposed solution
The hypothesis was examined that, in
pharmacological interventions in acute pain:

(i) arelationship exists between the descriptive
mean value for pain relief and a dichotomous
description of the same data set

(ii) knowing this relationship allows the
conversion of descriptive mean values for pain
relief into dichotomous data that can be used
with confidence for meta-analysis.

Relationships that exist between treatment group
means and some simple extractable variables from
a known data set are an obvious place to start. What
is required as an extractable variable is a single
value, for instance, the proportion or number of
patients who have achieved 50% pain relief. If
treatment group means reliably predict the pro-
portion with 50% pain relief, this suggests that the
relationship between the two variables is a product
of the underlying distribution. One benefit of using
the proportion of patients who have achieved at
least 50% pain relief is that it is clinically intuitive.

The robustness of such a relationship can be tested
in various ways. The gold standard would be to

test relationships between mean and dichotomous
variables developed from one set of trials using
data from other trials; however, this has not
proved possible.

In the absence of available information from real
trials, surrogate trials can be obtained through
simulation. Simulation methods have been used to
generate individual patient data for large numbers
of trials using the underlying distribution from
randomised trials of pharmacological interventions
performed in Oxford over about 15 years using
standard methods. This approach generates
precision in defining the underlying distribution
of the data, and tests the assumptions made in
deriving the technique for converting mean pain
relief data into dichotomous data.

While simulation methods can give a degree of
confidence that the general approach has validity, it
is testing against other, real, data sets that will allow
the method to be used in meta-analysis.

Methods for converting mean to dichotomous
data from clinical trials of analgesics, given in
single doses using classical analgesic methodology,
have been determined in three stages, all of
which use at least 50% maxTOTPAR as a final
dichotomous outcome.

Stage 1 Use of Oxford data from about 1500
patients combined with mathematical
modelling using TOTPAR scales.

Stage 2 Verification with an external data set of
3500 patients using TOTPAR scales.

Stage 3 Examination of the use of other scales.

For each stage, methods and results are shown
separately and then discussed together.

Stage | methods

Actual patient data

Individual patient data were taken from 12 placebo-
and active-controlled double-blind randomised
trials in which the analgesic effects of various drugs
in postoperative pain were investigated.™!**® The
trials were undertaken over a 15-year period by the
Pain Research Group, Oxford. Complete individual
patient information over 4 or 6 hours was available
for a number of pain and pain relief scales. All
drugs were administered orally, except sublingual
buprenorphine® and intramuscular opioids.*®

All the studies were randomised, double-blind and
parallel-group. Patients were told about the study by
the nurse observer the day before surgery. Informed
consent was obtained by the doctor that evening.
Random number tables were used for random-
isation. Drugs were prepared outside the hospital in
which the studies were undertaken. Treatment codes
were not broken until the studies were completed.
All drugs within a study were identical in appearance
and double-dummy methods were used when differ-
ent routes of administration were compared. Drugs
were given in a standardised way by the nurse
observer. The methods used by the trained nurse
observers to measure pain were identical.

Patients were asked a standardised battery of
questions in a fixed order at each assessment time
in the studies. In placebo-controlled trials, all
patients knew that placebo was one possible treat-
ment. All patients had moderate or severe pain
within 72 hours postoperatively, and all were aware
that they could withdraw from the study at any time
for any reason. At the start of the assessments the
nurse observer made sure that patients had recov-
ered sufficiently from the anaesthetic and were able
to communicate reliably. Studies with more than
one nurse observer were block randomised, with
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one nurse responsible for each block. Only
one nurse assessed any one patient. If no pain
relief was obtained from the test medication
by 1 hour, or if the pain intensity subsequently
reverted to the initial value before the end of
the 6-hour study, patients were given analgesia
(‘escape analgesia’).

Each study used five scales for pain; three for pain
intensity and two for pain relief. In this study, the
categorical measurement of pain relief with a
five-point categorical verbal rating scale (CATPR:
0 = none, 1 = slight, 2 = moderate, 3 = good,

4 = complete) was used because it has been
shown that with this scale placebo responses

are independent of active treatment efficacy.?’

For each patient, the area under the curve of
pain relief (categorical scale) against time was
calculated (TOTPAR). The percentage of the
maximum possible for this summary measure was
then calculated (% maxTOTPAR), as well as the
numbers and proportion of each group with at
least 50% maxTOTPAR (or percentage > 50%
maxTOTPAR to accommodate unequal group
sizes). The dichotomous descriptor of at least 50%
maxTOTPAR was chosen because it is a simple
clinical endpoint of pain half relieved, easily
understood by professionals and patients.

The relationship between the mean %
maxTOTPAR and the actual number of patients
with at least 50% maxTOTPAR was examined by
linear regression analysis. Using the equation to the
regression line, the calculated number of patients
with at least 50% maxTOTPAR was then compared
with the actual number.

Odds ratios and their 95% ClIs were calculated from
standard formulae incorporating a fixed-effects
model and NNTs, using the method of Cook and
Sackett.” Where the same treatment (placebo or
active) had been given in different trials, data from
individual treatment arms were combined.

Simulations

The underlying distribution using % maxTOTPAR
for individual real patients in the actual 45 treat-
ments was approximately uniform over the range
10-100% of % maxTOTPAR, with a spike in the
range 0-10% of % maxTOTPAR. This was an
amalgamation of patient data from all the treat-
ments and was unlikely to reflect the actual
distribution within any one treatment.

Because the possibility exists that statistical differ-
ences in distribution could occur in treatment arms

with relatively small patient numbers, simulations
were conducted to test how robust the relationships
developed with actual treatments and real patients
might be. The simulations had three main aims,

as follows.

1. To generate a very large number of simulated
active treatments (10,000) with a mean of
30 simulated patients (standard deviation,

3 patients, minimum group size 15 patients)
in each, where the % maxTOTPAR for each
simulated patient was generated randomly
from a distribution similar to the real data.
Comparable results from real and simulated
data would allow the conclusion that the
conversion technique was dependent only
on the amalgamated distribution of

% maxTOTPAR from all trials, and

not on the underlying distribution of

% maxTOTPAR within each trial.

2. To show that, for each simulated treatment,
mean % maxTOTPAR could be converted
to the calculated number with at least 50%
maxTOTPAR, using the techniques developed
for the 45 actual treatments, and, for these
simulated treatments, to compare the calcu-
lated number with at least 50% maxTOTPAR
with the number generated in the simulation.
This would provide an indication of how
accurate the conversion technique was
likely to be for a large data set with this
underlying distribution.

3. To generate simulated individual patient data
using two different underlying distributions
(normal distribution and a uniform distri-
bution, ensuring in each case that the mean
was similar to that for the real data), in order
to test the extent to which the accuracy of the
conversion technique was dependent on the
underlying distribution.

Computer codes were written in Fortran and run
on the Oxford University DEC Vax Cluster. Uni-
form random numbers in the range 0-1 (U[0,1])
were obtained using the intrinsic function ‘ran’,
and these were then used to calculate both random
treatment sizes and individual patient data with

the appropriate underlying distribution, as
described below.

(i) Treatment sizes were assumed to be normally
distributed with a mean of 30 and a standard
deviation of 3. These were calculated by trans-
forming the U [0, 1] values into normal values
with the required mean and standard deviation
using the Box—Mueller algorithm.® If any
generated value of the group size was below
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15 it was discarded and a new value generated
which fell within the appropriate range.

(ii) For generation of the ‘simulated actual’
distribution, the U [0, 1] value generated was
first multiplied by 140 (giving a U [0, 140]
distribution), but for any values greater than
100 the value was discarded and a new value
generated which was multiplied by 10. This
process ensured that 50,/140 (36%) patients
were uniformly distributed in the range
0-10% maxTOTPAR while the remaining
64% were uniformly distributed in the range
10 to 100. Standard techniques were then used
to show that a distribution generated in this
way had a theoretical mean of 37.1 and a
standard deviation of 31.7.

(iii) For generation of the ‘normal’ distribution,
the Box—Mueller algorithm was again used to
generate the appropriate values but, in this
case, it was necessary to restrict generated
values to the range 0-100% maxTOTPAR.
Since this restriction process altered the mean
of the underlying distribution, the appropriate
values to be used in the simulation to give a
mean of 37 were determined by iteration.

(iv) For the generation of the ‘uniform’ distri-
bution, the value U [0, 1] was multiplied by
74.0 to obtain a distribution which was
uniform on [0, 74], with a mean of 37.

Stage | results

The actual trials used in the analysis, the treatments
used, numbers in each group, mean % maxTOTPAR
and the numbers of patients with at least 50%
maxTOTPAR are shown in Table 9. The calculated
number of patients in each treatment group with at
least 50% maxTOTPAR was derived from 45 actual
treatments, using the relationship between mean %
maxTOTPAR and percentage > 50% maxTOTPAR.
Mean % maxTOTPAR for each study was entered
into the equation to the regression to derive the
proportion with more than half relief. This
proportion was then combined with the number of
patients to generate the actual number of patients in
each group predicted to have better than 50% relief.
Numerical values were rounded up or down to the
nearest integer.

Actual mean and proportion with at least

50% maxTOTPAR

The relationship between mean % maxTOTPAR
and proportion with at least 50% maxTOTPAR is
shown in Figure 12. The equation to the regression
line was:

Percentage of patients > 50% maxTOTPAR
=1.41 % maxTOTPAR - 14.1 (#* = 0.89)

Calculated number of patients with at least
50% maxTOTPAR

The actual and calculated numbers of patients in
each group with at least 50% maxTOTPAR are
shown in 7able 9. The equation to the regression
line was:

Calculated number of patients > 50% maxTOTPAR
=0.93 actual + 0.93 (#* = 0.88)

In 36 of 45 treatments, the agreement between
actual and calculated was within two patients; in 42
of 45, agreement was within three patients and in 43
of 45, agreement was within four patients. The two
most aberrant results occurred in the same trial.*

Simulated actual distribution — mean and
proportion with at least 50% maxTOTPAR

A simulated distribution, similar to that of the
actual data (‘simulated actual’ distribution) was
used to produce 10,000 simulated treatments. This
generated a regression of mean % maxTOTPAR
against percentage > 50% maxTOTPAR which was
very similar to that obtained for the actual data
from 45 treatments:

Percentage of patients > 50% maxTOTPAR
=1.34 mean % maxTOTPAR - 14.1 (»* = 0.79)

Simulated actual distribution - calculated
numbers > 50% maxTOTPAR

This equation was used to obtain the calculated
percentage > 50% maxTOTPAR, which was then
regressed against the actual percentage of patients
> 50% maxTOTPAR. The equation to the regres-
sion line was very similar to that obtained for the
actual data from 45 treatments:

Calculated number of patients > 50% maxTOTPAR
=0.82 actual + 1.92 (# =0.83)

From 7able 10 it can be seen that, using the under-
lying distribution, the difference between calcu-
lated and actual number of patients with at least
50% maxTOTPAR was 0-2 in 90% of the simulated
studies and, in 99%, it was in the range 0-3. These
results are very similar to those obtained with the
actual data and, again, this suggests strongly that
provided the underlying actual amalgamated
distribution is a reasonable reflection of the
assumed ‘true’ underlying distribution of pain
relief, then the conversion technique is accurate
and robust.

Normal and uniform distributions
In order to test the effect of different underlying
distributions, the process of obtaining the number
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TABLE 9 Studies

Study Treatment (N) Mean % Actual number Calculated number
maxTOTPAR with > 50% with > 50%
maxTOTPAR maxTOTPAR
Evans, et al. 1982° paracetamol, 650 mg, +
dextropropoxyphene, 65 mg (30) 46.0 18 15
placebo (30) 29.4 I 8
zomepirac, 100 mg (30) 384 12 12
zomepirac, 50 mg (30) 494 19 17
McQuay, et al. 19862' paracetamol, 500 mg (30) 31.0 8 9
ketorolac, 5 mg (30) 39.5 I 12
ketorolac, 10 mg (30) 47.0 16 15
ketorolac, 20 mg (30) 54.0 18 19
paracetamol, 1000 mg (30) 41.9 12 14
McQuay, et al. 19878 aspirin, 650 mg (30) 234 7 6
fluradoline, 150 mg (30) 17.3 7 3
fluradoline, 300 mg (30) 26.9 8 7
placebo (30) 10.7 2 0
Porter, et al. 1981° bicifadine, 100 mg (19) 12.0 | I
bicifadine, 150 mg (20) 17.8 2 2
placebo (21) 1.9 2 I
codeine, 60 mg (20) 25.0 4 4
McQuay, et al. 1990° bromfenac, 5 mg (30) 254 6 6
bromfenac, 10 mg (30) 389 14 12
bromfenac, 25 mg (30) 46.3 I5 15
placebo (30) 16.9 2 3
paracetamol, 1000 mg (30) 329 10 10
Carroll, et al. 1993%° bromfenac, |10 mg (23) 58.6 6 16
bromfenac, 25 mg (21) 46.4 13 I
buprenorphine, 0.2 mg (22) 21.7 | 4
buprenorphine, 0.4 mg (24) 35.5 9 9
Bullingham, et al. 1981'°  paracetamol, 1000 mg (30) 51.7 17 18
paracetamol, 1000 mg +
buprenorphine, 1.0 mg (30) 47.8 18 16
paracetamol, 1000 mg +
buprenorphine, 1.5 mg (29) 54.9 I5 18
paracetamol, 1000 mg +
buprenorphine, 2.0 mg (30) 50.8 16 17
McQuay, et al. 19857 dihydrocodeine, 30 mg (18) 40.6 8 8
placebo (19) 20.1 4 3
zomepirac, 100 mg (18) 474 I 9
McQuay, et al. 1992%* paracetamol, 1000 mg, + codeine,
16 mg, + caffeine, 60 mg (30) 39.1 10 12
ibuprofen, 400 mg + codeine,
25.6 mg (30) 54.0 21 19
McQuay, et al. 1993% dihydrocodeine, 30 mg (41) 28.7 9 I
dihydrocodeine, 60 mg (43) 32.8 13 14
ibuprofen, 400 mg (40) 60.0 31 28
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TABLE 9 contd Studies

Study

McQuay, et al. 19892

McQuay, et al. 19872

McQuay, et al.
unpublished?

Treatment (N)

ibuprofen, 400 mg (23)
ibuprofen, 400 mg +
codeine, 20 mg (24)

aspirin, 500 mg +

paracetamol, 500 mg (47)
aspirin, 500 mg, + paracetamol,
500 mg, + codeine, 13.6 mg (48)

pethidine, 100 mg (21)
meptazinol, 100 mg (20)
morphine, |5 mg (22)

y=l4Ix—-14.1,r*=0.89

Proportion with > 50% maxTOTPAR

Mean % maxTOTPAR

FIGURE 12 Relationship between mean % maxTOTPAR and
proportion with at least 50% maxTOTPAR

Mean % Actual number Calculated number
maxTOTPAR with > 50% with > 50%
maxTOTPAR maxTOTPAR
44.8 10 I
57.7 15 16
36.6 13 18
34.8 8 17
16.1 | 2
21.8 | 3
244 4 4

of patients with at least 50% maxTOTPAR was
repeated for two further distributions. The results
obtained for the ‘normal’ and ‘uniform’ distri-
butions (Table 10) were less accurate. Even so, these
levels of agreement indicate that the conversion
technique is robust, even with these gross differ-
ences in underlying distribution, and suggest that
it will be very robust to the smaller differences
likely to be encountered in practice.

NNTs

NNTs were calculated for paracetamol, 1000 mg,
zomepirac, 100 mg, bromfenac, 10 mg, bromfenac,
25 mg, dihydrocodeine, 30 mg, ibuprofen, 400 mg,
and ibuprofen, 400 mg, plus codeine, 24.6 mg; for
these, and for placebo, there was information from
at least two trials (Table 11). NNT values derived
from the actual and the calculated data, as well as
odds ratios and Cls, were very similar or identical.

Single treatment arms from the individual reports
were combined to obtain odds ratio estimates with
95% ClIs using a fixed effects model and to derive

TABLE 10 Accuracy of the conversion in actual and simulated treatments

Difference between actual 45 actual Simulated actual Simulated normal Simulated uniform

and calculated numbers treatments distribution distribution distribution
(%) (%) (%) (%)

< 57.7 60.3 21.3 40.7

<2 82.1 90.8 444 71.2

<3 93.2 98.8 68.2 89.0

<4 95.4 99.8 87.1 97.1

<5 97.7 100 96.5 99.3

<6 97.7 100 99.4 99.9
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TABLE |11 Numbers-needed-to-treat

Treatment Active > 50% NNT Odds ratio
maxTOTPAR/Total (95% ClI) (95% ClI)
Dihydrocodeine, Actual 17/59 7.9 (3.9—) 2.2 (1.04.7)
30 mg Calculated 19/59 4.8 (3.0-13.3) 4.0 (1.8-9.0)
Paracetamol, Actual 39/90 3.7 (2.6-6.6) 39 (2.1-7.1)
1000 mg Calculated 42/90 29 (2.14.3) 6.2 (3.4-11.4)
Zomepirac, Actual 23/48 3.2 (2.1-6.1) 55 (2.5-11.7)
100 mg Calculated 21/48 3.1 (2.1-5.8) 7.3 (3.2-16.6)
Bromfenac, Actual 30/53 2.5(1.8-3.9) 7.4 (3.6-15.1)
10 mg Calculated 28/53 2.4 (1.8-3.7) 9.8 (4.6-20.8)
Bromfenac, Actual 28/51 2.6 (1.94.2) 7.0 (3.4-14.6)
25 mg Calculated 26/51 2.5 (1.84.1) 9.4 (4.3-20.3)
Ibuprofen, Actual 41/63 2.0 (1.6-2.8) 9.3 (4.9-17.7)
400 mg Calculated 39/63 2.0 (1.6-2.7) 12.0 (6.2-23.4)
Ibuprofen, 400 mg, plus Actual 36/54 2.0 (1.6-2.7) 10.5 (5.3-20.8)
codeine, 24.6 mg Calculated 35/54 1.9 (1.5-2.5) 14.6 (7.1-29.6)

NNTs for analgesic effectiveness.”® At least two
identical treatments from different trials were
required. Of the 130 patients who received
placebo, 21 actually had at least 50% maxTOTPAR
and 15 were calculated to have at least 50%
maxTOTPAR.

Verification from independent data

Stage 2 methods

Individual patient data from 18 primary RCTs was
made available by Grinenthal GmbH, Aachen,
Germany, and Robert Wood Johnson Pharma-
ceutical Research Institute, Spring House, PA,
USA (RW]).

Study protocols for postsurgical pain (including
gynaecological procedures) and pain due to the
extraction of impacted third molars were essentially
identical. Trials were double-blind, single-dose,
parallel-group studies; randomisation was by com-
puterised random-number generation, stratified
on pretreatment pain. Criteria for patient selection
were moderate or severe pain, and that the
patient’s condition was appropriate for manage-
ment with a centrally-acting analgesic or paraceta-
mol combined with centrally-acting analgesics.
Patients ages ranged from 18 years to 70 years.
Patients had to be cooperative, reliable, and
motivated, and be able to take oral medication.
Exclusion criteria included patients with mild

or no pain, those who had taken analgesic drugs

within 3 hours of study drug administration, those
needing sedatives during the observation period
and those with known contraindications or
medical conditions which might interfere

with observations.

The following drugs were given as single oral doses:
placebo (695 evaluable patients); codeine, 60 mg
(649); tramadol, 50 mg (409); tramadol, 75 mg
(281); tramadol, 100 mg (468); tramadol, 150 mg
(279); tramadol, 200 mg (50); aspirin, 650 mg, plus
codeine, 60 mg (305); and paracetamol, 650 mg,
plus propoxyphene, 100 mg (316).

Patients were given the study drug if they had
moderate or severe pain on a four-point categorical
scale (0 = no pain, 1 = slight, 2 = moderate, 3 =
severe). Thereafter observations were made at

30 minutes, and at 1, 2, 3, 4, 5 and 6 hours after
administration. Pain intensity was measured using
the same categorical scale, together with a five-
point categorical scale of pain relief (0 = no relief,
1 =alittle, 2 = some, 3 = alot, 4 = complete). Time
of repeat medication was also recorded, together
with a global assessment of therapy (excellent,
very good, good, fair or poor) at the final evalu-
ation. At repeat medication, pain relief scores
reverted to zero and pain intensity scores to the
initial value; adverse event recording, but not pain
evaluations, continued after repeat medication.

For each patient the area under the curve of pain
relief (categorical scale) against time (TOTPAR)
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was calculated for 6 hours after the study drug was
given. The percentage of the maximum possible for
this summary measure was then calculated for each
patient (% maxTOTPAR'), mean TOTPAR was
calculated for all patients in each treatment arm
and the number of patients on each treatment
achieving at least 50% maxTOTPAR was noted.

The mean TOTPAR value was then used to
calculate the theoretical number of patients with
at least 50% maxTOTPAR, using a relationship
established in clinical trials of analgesics in Oxford
with 1283 patients with 45 treatments (percentage
of patients with at least 50% maxTOTPAR = 1.41 x
mean % maxTOTPAR - 14.1). Actual and calcu-
lated numbers were then compared using
unweighted linear regression analysis.

Stage 2 results

Individual patient information was available from
over 3400 patients in 85 different treatment arms
in nine studies involving dental surgery (mostly
third molar extraction) and nine involving general
postoperative pain (including gynaecological

procedures). Studies involved between 21 and

58 patients in each treatment (mean 40 patients).
The distributions of % maxTOTPAR for all active
and all placebo patients in these groups are shown
in Figure 13.

The relationship between actual and calculated
numbers of patients with at least 50% maxTOTPAR
in each treatment arm is shown in Figure 14, and
the equation to the regression line for this is
compared with 45 treatments from trials in

Oxford in Table 12, using both the relationship

for the actual data and that from a 10,000
treatment simulation.

Of the 85 treatment arms, 80 (94%) were within
four patients per treatment and 74 (87%) within
three (Table 13). These proportions are comparable
to those obtained previously for actual and simu-
lated treatments (see Table 10). Summing the
positive and negative differences between actual
and calculated numbers of patients with at least
50% maxTOTPAR gave an average difference of
0.30 patients per treatment arm.

Postsurgical placebo
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100
80
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100
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Postsurgical active drug
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400
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Dental active drug
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% maxTOTPAR

FIGURE 13 Distributions of % maxTOTPAR for active treatments and placebo in dental and postsurgical pain
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y = 0.94x + 0.33,r2 = 0.89

Calculated number with > 50% maxTOTPAR
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0 10 20 30 40

Actual number with > 50% maxTOTPAR

FIGURE 14 Relationship between actual and calculated
number with at least 50% maxTOTPAR for 3400 patients
with 85 treatments

Comparison of (actual — calculated, irrespective of
sign) numbers of patients with at least 50% max-
TOTPAR as percentages for the 45 actual treatments
and 10,000 simulated treatments using the simulated
actual, normal and uniform distributions are shown
in Table 13."® Cumulative percentages are shown at
different levels of agreement and the final column
adds the 85 treatment arms from the RW]J trials.

Combining the 85 treatments in this data set with
the earlier 45 treatments'® produced a new
relationship for use in future conversions:

Proportion of patients with > 50% maxTOTPAR
=1.33 x mean % maxTOTPAR - 11.5 (»* = 0.89)

Use of pain intensity and VAS
Stage 3 methods

Data for the study were from individual patient

data from 13 RCTs (1283 patients with 45 treatments,
Oxford data'®) and 18 RCTs (3453 patients with 87
treatments, RW] data) described in stages 1 and 2.

TABLE 12 Regression equations for calculated and actual number of patients in each treatment with > 50% maxTOTPAR

Study Slope
45 treatment arms from RCTs in Oxford [I] 0.93
45 treatment arms from RCTs in Oxford [2] 0.82

85 treatment arms from RW)] RCTs
(3453 patients) [3] 0.94

Intercept Coefficient of determination (r%)
0.93 0.88
1.92 0.83
0.33 0.89

Results for solutions to the equation: Calculated = (Actual x slope) + intercept, using the relationship between % > 50% maxTOTPAR

and mean % maxTOTPAR derived from:
[1] 45 actual treatments (Oxford RCTs)
[2] a 10,000 treatment arm simulation
[3] 85 actual treatments (RWJ RCTs)

TABLE 13 Accuracy of the conversion in actual and simulated treatments

Difference between 45 actual Simulated

actual and calculated treatments actual

numbers (Oxford) distribution
(%) (%)

<1 57.7 60.3

<2 82.1 90.8

<3 93.2 98.8

<4 95.4 99.8

<5 97.7 100

<6 97.7 100

Simulated Simulated 85 RW]
normal uniform actual
distribution distribution treatments
(%) (%) (%)

21.3 40.7 50.6
44 .4 712 70.6
68.2 89.0 87.1
87.1 97.1 94.1
96.5 99.3 96.6
99.4 99.9 98.8
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For each patient the SPID was calculated for
categorical pain intensity, and the equivalent VAS
SPID. For each individual patient the 4-hour or
6-hour SPID was divided by the maximum possible
SPID; for example, a patient with a SPID of 6 and
initial pain intensity of 3 would have a theoretical
maximum SPID of 18, and the % maxSPID would
be 33%. The area under the curve of pain relief
against time was calculated for the categorical
(TOTPAR) and VAS TOTPAR scales. The percent-
age of the maximum possible for each summary
measure was then calculated for each patient."
Rules for calculation included that in the event of
repeat medication within 6 hours, pain relief scores
reverted to zero and pain intensity scores to their
initial value. The mean summary measure for all
patients in each treatment arm was calculated. The
number of patients on each treatment achieving at
least 50% maxTOTPAR was noted.

The relationship between the mean % maxSPID,

% maxVAS SPID and % maxVAS TOTPAR and the
actual number of patients with at least 50% max-
TOTPAR was examined by linear regression analysis.
Using the equation to the regression line, the
calculated number of patients with at least 50%
maxTOTPAR was then compared with the actual
number using unweighted linear regression analysis.

Stage 3 results

Individual patient scores for categorical pain
intensity and VAS pain intensity and pain relief
were asymmetrically distributed, much as was
seen for TOTPAR.

Categorical pain intensity scale

Data were available from 132 treatments with
4713 patients. Individual patient distribution

of % maxSPID was asymmetric (Figure 15). Linear
regression analysis performed for the Oxford and
RW] data sets separately showed similar relation-
ships, so the data sets were combined for all

132 treatments.

Results from Oxford and RWJ data sets and the com-
bined data for the regression of number of patients
per treatment with at least 50% maxTOTPAR against
mean %maxSPID (with 95% CI).

For all 132 treatments the regression line was:

Percentage with > 50% maxTOTPAR
=1.36 mean % maxSPID - 2.3 (¥ = 0.85)

There was good agreement between the actual
number of patients with at least 50% maxTOTPAR
in each treatment arm and the calculated number

A % maxSPID (4713 patients)
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to 25
to 40
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FIGURE 15 Distribution of individual patient scores for
categorical pain intensity and VAS pain intensity and pain
relief scores
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FIGURE 16 Correlation of actual and calculated numbers of
patients with at least 50% maxTOTPAR in each treatment for
calculations using categorical pain intensity and VAS pain intensity
and relief scores

using the relationship derived with % maxSPID
(Figure 16):

Calculated number with > 50% maxTOTPAR
=0.86 actual + 1.37 (# = 0.86)

For 92% of treatments the actual and the calcu-
lated numbers with at least 50% maxTOTPAR
were within four patients per treatment. Agree-
ment (actual — calculated) was normally distri-
buted around zero (Figure 17). Summing the
positive and negative differences between actual
and calculated numbers of patients with at least
50% maxTOTPAR gave an average difference
of —0.03 patients per treatment arm.

VAS pain intensity

Data were available from 40 treatments within
the Oxford data set with 1059 patients. Individual
patient distribution of % maxVAS SPID was asym-
metric (Figure 15B). The regression line between
percentage with > 50% maxTOTPAR and mean
% maxVAS SPID was given by:

Percentage with > 50% maxTOTPAR
=1.18 mean % maxVAS SPID — 2.2 (+* = 0.87)

There was good agreement between the
actual number of patients with at least 50%
maxTOTPAR in each treatment arm and the
calculated number using the relationship
derived from % maxVAS SPID (Figure 16B):

Calculated number with > 50% maxTOTPAR
=0.90 actual + 1.19 (# =0.79)

For 95% of treatments the actual and the calcu-

lated numbers with at least 50% maxTOTPAR were

within four patients per treatment. Summing the
positive and negative differences between actual
and calculated numbers of patients with at least
50% maxTOTPAR gave an average difference of
—0.23 patients per treatment arm.

VAS pain relief

Data were available from 40 treatments with 1082

patients. Individual patient distribution of % maxVAS
TOTPAR was asymmetric (Figure 15C). The regression

line between percentage with > 50% maxTOTPAR
and mean % maxVAS TOTPAR was given by:

Percentage > 50% maxTOTPAR
= 1.15 mean % maxVAS TOTPAR - 8.51 (#* = 0.81)

There was good agreement between the actual
number of patients with at least 50% maxTOTPAR
in each treatment arm and the calculated number
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using the relationship derived from % maxVAS
TOTPAR (Figure 16C):

Calculated number with > 50% maxTOTPAR
=0.89 actual + 1.15 (# =0.81)

For 95% of treatments the actual and the calcu-
lated numbers with at least 50% maxTOTPAR were
within four patients per treatment. Summing the
positive and negative differences between actual
and calculated numbers of patients with at least
50% maxTOTPAR gave an average difference of
—0.11 patients per treatment arm.

Overall comments

For SPID it was possible to use the gold standard of
verification by independent data sets. Regressing the
percentage > 50% maxTOTPAR against mean %
maxSPID independently for Oxford and RWJ data
sets produced very similar results (Table 14). Using
the combined regression analysis, there was excel-
lent agreement between actual and calculated
numbers of patients with at least 50% maxTOTPAR

in each treatment (Figure 16A), and the sum of the
difference over all 132 treatments was —0.03 patients
per treatment, with the differences distributed nor-
mally around zero (Figure 17). This is firm evidence
for the reliability of the conversion method.

Only 40 treatments from the Oxford data set were
available for calculating relationships between
patients with at least 50% maxTOTPAR and mean
% maxVAS SPID and mean % maxVAS TOTPAR.
Despite this, the agreement between actual and
calculated numbers with at least 50% maxTOTPAR
was good (Figure 16B, C, and Table 15), so that

over the 40 treatments the sum of actual minus
calculated was less than a quarter of a patient

per treatment arm using either measure.

Although no independent verification was possible
for VAS, the similarity of the results to those inde-
pendently verified for TOTPAR'®* and SPID
supports the approach of using mean data from
previously published reports to derive dichotomous
data for meta-analysis.'®

Number
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Actual minus
calculated number of patients with at least 50% maxTOTPAR

FIGURE 17 Distribution of actual — calculated number of patients with at least 50% maxTOTPAR in each treatment using SPID data

TABLE 14 Summary report on SPID calculations for |32 treatments

Results from Oxford and RW] data sets and the combined data
> 50% maxTOTPAR against mean % maxSPID (with 95% CI).

Data set N Intercept
(95% ClI)
Oxford 45 -2.3(-83,3.6)
RWJ 87 -1.7 (4.3, 1.0)
Combined 132 -2.3 (—4.9,0.2)

for the regression of number of patients per treatment with

Slope Coefficient of

(95% CI) determination
1.44 (1.24, 1.64) 0.83
1.27 (1.16,1.38) 0.86
1.36 (1.26, 1.45) 0.85
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Comment

There is an asymmetric distribution of summary
values of pain relief in clinical trials of analgesics
using standard trial methods. Using mean values to
describe these summary values is inappropriate and
may result in erroneous conclusions.” To use
information from RCTs of analgesic drugs report-
ing mean data, conversion to some form amenable
to meta-analysis is necessary — and, preferably, some
dichotomous measurement. The alternative may be
to discard the many thousands of studies of
analgesic interventions in the literature.

Some possible methods of conversion have been
subjected to the gold standard of verification by
an independent data set. There were many
patients, in many studies, with different clinical
settings, using placebo and several different active
analgesics. The result — the relationship between
the calculated and actual number of patients with
at least 50% maxTOTPAR — was essentially the
same as that obtained originally using the relation-
ship for the actual data and from a 10,000 treat-
ment arm simulation. Verification was also possible
for SPID, but not for VAS, though there is no
obvious reason to suspect that conversions
explored here should not be accurate.

From the categorical pain relief scale and its
summary TOTPAR measure, dichotomous data
(the proportion of patients achieving at least 50%
of % maxTOTPAR and the corollary, those not
achieving 50% relief) can now be derived with
some confidence. Categorical pain relief data can
also be used with confidence.

Other data may be used as it becomes available to
further validate these relationships (Table 16), based
on a wide variety of acute pain conditions with
different analgesics, including simple analgesics,
NSAIDs, combinations and sublingual and intra-
muscular opiates. The only caution is that the
validity of these relationships has been demons-
trated only in short-term single-dose studies in
acute pain models.
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Chapter 6

Combining data and interpreting results

As professionals we want to use the best

treatments and, as patients, to be given them.
Knowing that an intervention works (or does not
work) is fundamental to clinical decision-making.

When is the evidence strong enough to justify
changing practice? Some of the decisions we make
are based on individual studies, often on small
numbers of patients, which, given the random
play of chance, may lead to incorrect decisions.
Systematic reviews identify and review all the
relevant studies, and are more likely to give a
reliable answer. Explicit methods and quality
standards are used to reduce bias. The results are
the closest we are likely to get to the truth in the
current state of knowledge.

The following questions should be answered by a
systematic review.

¢ How well does an intervention work (compared
with placebo, no treatment or other interventions
in current use) — or can it be forgotten?

® Isitsafe?

¢ Will it work and be safe for the patients
in my practice?

Clinicians live in the real world and are busy
people; they need to synthesise their knowledge of
a particular patient in their practice, their experi-
ence and expertise, and the best external evidence
from systematic review. They can then be reason-
ably sure that they are doing their best. However,
the product of a systematic review, particularly a
meta-analysis, is often some sort of statistical
output, which is not usually readily interpretable or
usable in day-to-day clinical practice. A common
currency to help make the best treatment decision
for a particular patient is needed. That common
currency is, in the authors’ opinion, the NNT.

Quality control

Systematic reviews of inadequate quality may be
worse than none, because faulty decisions may be
made with unjustified confidence. Quality control
in the systematic review process, from literature
searching onwards, is vital. How the quality of a
systematic review may be judged is encapsulated in
the following questions' (these are explained in
more detail in chapter 7).

* Were the question(s) and methods
clearly stated?

* Were the search methods used to locate relevant
studies comprehensive?

* Were explicit methods used to determine which
articles to include in the review?

* Was the methodological quality of the primary
studies assessed?

* Were the selection and assessment of the
primary studies reproducible and free from bias?

* Were differences in individual study results
explained adequately?

* Were the results of the primary studies combined
appropriately?

* Were the reviewers’ conclusions supported by
the data cited?

When systematic reviews use data from different
numbers of papers (see the paper by Vander
Stichele and colleagues?® for an excellent discussion
of the eligibility criteria for trials of head lice
infection), reasons should be sought. Reviews can
use criteria that exclude information important to
individual clinicians, or may include studies with
inadequate trial design. Inclusion and exclusion
criteria must be read critically to see if they make
sense in the particular clinical circumstance.

Outcome measures chosen for data extraction
should also be sensible. This is not usually a
problem but, again, it is a part of the method that
needs to be read carefully to see if the outcome
measure extracted appears appropriate. The
reviewer may have used all the available inform-
ation, with any problems being due to the original
trials, but outcome measures are a determinant
of the clinical utility of the review. Examples, in
the antibiotic treatment of Helicobacter pylori
infection and peptic ulcer, would be outcome
measures of short-term bacterial kill rates and
long-term remission.

Therapeutic interventions: which study
architectures are admissible?

The gold standard for a systematic review of
therapeutic efficacy is that the eligible studies
should be RCTs. If trials are not randomised,
estimates of treatment effect may be exaggerated
by up to 40% (see Table 17).° In a systematic review
of TENS in postoperative pain, 17 reports on
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TABLE 17 Systematic reviews should eliminate bias

Feature Overestimate of treatment
effect (%)

Randomisation 40

Double-blind 17

Duplicates 20

Small trials 30

786 patients could be regarded unequivocally
as RCTs in acute postoperative pain. Of these
17 RCTs, 15 demonstrated no benefit of TENS
over placebo. A total of 19 reports had pain
outcomes but were not RCTs; in 17 of these,
TENS was considered by their authors to have
had a positive analgesic effect.* When appropriate,
and particularly with subjective outcomes, the
gold standard for an efficacy systematic review
is studies which are both randomised and
double-blind. The therapeutic effect may

be exaggerated by up to 20% in trials with
deficient blinding.?

Not all data can be combined

in a meta-analysis: qualitative
systematic reviews

Itis often not possible or sensible to combine or
pool data, and this results in a qualitative rather
than a quantitative systematic review. Combining
data is not possible if there is no quantitative
information in the component trials of the
review. Combining data may not be sensible

if different clinical outcomes were used or the
patients were followed-up for different lengths
of time. Combining continuous rather than
dichotomous data may be difficult. Even if
dichotomous data is measured and presented,

if the trials are otherwise of poor quality® it

may not be sensible to combine the data.

Making decisions from qualitative
systematic reviews

Making decisions about whether or not a therapy
works from such a qualitative systematic review
may look easy. In the example above, 15 of

17 RCTs of TENS in acute pain showed no benefit
compared with controls. The thinking clinician
will catch the Bayesian drift — that TENS in acute
pain is not effective. The problem with such
simple vote-counting is that it may mislead. It
ignores the sample size of the constituent studies,
the magnitude of the effect in the studies and
the validity of their design even though they
were randomised.

Combining data: quantitative
systematic reviews

There are two parts to the question, ‘Does it work?’
— how does it compare with placebo and how

does it compare with other therapies? Whichever
comparison is considered, the three stages of
examining a review are a L’Abbé plot (Figure 18),
statistical testing (odds ratio or relative risk), and

a clinical significance measure such as NNT.

L’Abbé plots®

For therapies, a first stage is to look at a simple
scatter plot, which can yield a surprisingly compre-
hensive qualitative view of the data. Even if the
review does not show the data in this way, they

can be extracted from information on individual
trials presented in the review tables. Data extracted
from three different systematic reviews of treat-
ments for painful diabetic neuropathy are shown
in Figure 19."° Each point on the graph is the
result of a single trial, and what happens with

the intervention in question — the experimental
event rate (EER) - is plotted against the event rate
in the controls — the control event rate (CER).

Trials in which the experimental treatment
proves better than the control (EER > CER) will
be in the upper left of the plot, between the y axis
and the line of equality (Figure 20). All three
interventions presented in Figure 19 were effective
but the figure does not indicate how effective.

If experimental is no better than control then

the point will fall on the line of equality (EER =
CER), and if control is better than experimental,
then the point will be in the lower right of the
plot, between the x axis and the line of equality
(EER < CER).
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FIGURE 19 L’Abbé plot of EER against CER (m, RCTs of
anticonvulsants; 0, antidepressants; o, topical capsaicin in
diabetic neuropathy’™’)

Visual inspection gives a quick and easy indication
of the level of agreement between trials. Hetero-
geneity is often assumed to be due to variation in
the EER, the effect of the intervention. Variation
in CER can also be a source of heterogeneity

(see Figure 19); in this case, the controls were all
matched with placebo in a relatively homogenous
chronic condition with treatment over a period
ranging from several weeks to several months.

L’Abbé plots are not yet widely used. They have
several benefits:

¢ the simple visual presentation is easy to assimilate

¢ they lead to consideration of the reasons for such
wide variation in (especially) placebo responses,
and about other factors in the overall package of
care that can contribute to effectiveness

¢ the need for placebo controls is explained if
ethical issues about future trials arise

* overly good or bad results for an intervention are
viewed with scepticism in a single trial where the
major influence may be how good or bad the
response was with placebo.

Variation in control (placebo) response rates
The large variation in CER (from 0% to 80%) is
not unusual. Similar variation was seen in trials of
anti-emetics in postoperative vomiting' and, in six
trials of prophylactic natural surfactant for preterm
infants, the CER for bronchopulmonary dysplasia
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FIGURE 20 Relationship between placebo response and trial
size for pharmacological interventions in diabetic neuropathy

was 24-69%."" Such variation would not be expect-
ed in other circumstances, such as in the use of
antimicrobial agents. H. pylori eradication rates with
short-term use of ulcer healing drugs were 0-17%
in 11 RCTs (with 10/11 being below 10%).'2

The reason for large variations in event rates with
placebo may have something to do with trial design
and population. The overwhelming reason for
large variations in placebo rates in pain studies
(and probably studies in other clinical conditions)
is the relatively small group sizes in trials. Group
sizes are chosen to produce statistical significance
through power calculations — for pain studies the
usual size is 30—-40 patients for a 30% difference
between placebo and active.

An individual patient can have no pain relief or
100% pain relief. Random selection of patients can
therefore produce groups with low or high placebo
response rates, or with a rate in between. Ongoing
mathematical modelling based on individual
patient data shows that, while group sizes of up to
50 patients are likely to show a statistical difference
between 80% and 90% of the time, to generate a
close approximation to the ‘true’ clinical impact
of a therapy requires as many as 500 patients per
group (or more than 1000 patients in a trial).

This is part of the rationale of systematic reviews.
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Examples of the way group size can be a source of
variation are important in understanding how pool-
ing of information in pain trials can be of help.
One example, given in Figure 20, shows trials in
diabetic neuropathy in which the proportion of
patients given placebo is plotted against the
number given placebo.

A similar pattern of an inverted ‘V’ is also seen in
topical NSAID trials, and indicates that almost all
the variability in placebo responses occurs in trials
of small size. In rheumatoid arthritis, Ggtzsche'®
found a similar variability in estimates of change
in erythrocyte sedimentation rate (ESR) and joint
size by sample size.

The lessons are that information from individual
trials of small size should be treated with circum-
spection in pain and probably in other therapeutic
areas, and that the variation in outcomes seen in
trials of small size is probably an artefact, especially
in the absence of any Bayesian drift.

Indirect comparisons

Indirect comparisons of the efficacy of different
interventions, for example, by trying to compare
treatments which have each been compared
with placebo rather than with each other, may
not be viable if the CERs are dissimilar. Post-hoc
approaches, taking all the trials, then using

only those which have a low or a high CER, are
frowned on, although using particular clinical
settings and anticipating less spread of the CER

may be more acceptable.’ In some circumstances,
for instance, in prophylaxis for nausea and
vomiting, particular CER spreads may be
determinants of trial validity."®

In most pain studies neither of these apply.

Statistical significance

Odds ratios

When it is legitimate and feasible to combine data,
the odds ratio and the relative risk are the accepted
statistical tests to show that the intervention works
significantly better than the comparator. As more
use is made of systematic reviews to compare
therapies, clinicians need to understand these
clinical epidemiological tools, which present the
results in an unfamiliar way.

The odds ratios for the trials of antidepressants in
diabetic neuropathy mentioned above are shown
in Figure 21. Some of the component trials did not
show statistical significance; the lower 95% CI of
the odds ratio was less than 1. Conversely, other
trials and the combined analysis did show statistical
significance, with the lower 95% CI being greater
than 1, meaning that in 19 cases out of 20 the
‘true’ value will be greater than 1.

The odds ratio can give a distorted impression
when analyses are conducted on subgroups which
differ substantially in baseline risk.'* When CERs
are high (certainly when they are above 50%),
odds ratios should be interpreted with caution.

Favours control
|

Favours treatment

Gomez-Perex et al, 1985
Kvinesdal et al, 1984
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Sindrup et al, 1989 f

Sindrup et al, 1990a }
Sindrup et al, 1990a I
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FIGURE 21 0dds ratios for antidepressants in diabetic neuropathy’
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Relative risk or benefit

The fact that it is the odds ratio rather than relative
risk or benefit which is used as the test of statistical
significance in systematic reviews seems to be due
to custom and practice rather than to any inherent
intellectual advantage.'* Relative risk or benefit
may be better than an odds ratio because it is

more robust in situations where the CER is high.'®
With event rates above 10%, relative risk produces
more conservative figures.'”

In the following chapters, both relative benefit
and relative risk (of harm) are used, despite the
uncertainty and disagreement between statisticians
and reviewers. In all cases, the actual numbers

are given so that, when the dust has settled,
re-calculations can be made according to the
prevailing opinion.

Heterogeneity

Clinicians making decisions on the basis of syste-
matic reviews need to be confident that apples

are not being compared with oranges. The L’Abbé
plot is a qualitative defence against this spectre.
Statistical testing provides a quantitative rampart,
and is available as standard software.” Unfortun-
ately, all of these tests lack power, so while a positive
test for heterogeneity suggests mixed fruits are
being compared, a negative test does not provide
complete reassurance of no heterogeneity.

Heterogeneity will also appear to occur because of
variations in CERs and EERs caused by the random
play of chance in trials of small size. Generally trials
with fewer than ten patients per group have been
omitted in reviews in this report but considerable
variability will occur in groups of less than

50 patients.

How well does an
intervention worlk?

While odds ratios and relative risks can show

that an intervention works well compared with a
control, they are of limited help in showing how
well the intervention works — the size of the effect
or its clinical significance.

Effect size

The classical method of estimating effect size is
to use the standardised mean difference.'® The
advantage of this approach is that it can be used
to compare the efficacy of different interventions

measured on continuous rather than dichotomous
scales, and even using different outcome measures.
The zscore output is in standard deviation units
and is thus scale-free.

The disadvantage of effect size is that it is not
intuitive for clinicians.

Number-needed-to-treat

The NNT concept is proving to be a very effective
alternative as the measure of clinical significance
from quantitative systematic reviews. It has the
crucial advantage of applicability to clinical
practice, and shows the effort required to achieve
a particular therapeutic target. The NNT is given
by the equation:

1
NNT =
(IMP,./TOT,,) - IMP,,,/TOT,,,)
where:
IMP,. = number of patients given active

treatment who achieve the target
TOT,, = total number of patients given
active treatment
IMP,,,,, = number of patients given a control
treatment who achieve the target
TOT,,, = total number of patients given
control treatment

NNT is also 1 divided by the proportion obtaining
a particular effect with treatment minus the pro-
portion obtaining the same effect with control,
when those proportions are expressed as a fraction.
Because we have just described the absolute risk
reduction, so NNT is also the reciprocal of the
absolute risk reduction.

Treatment-specific

NNT is treatment-specific. It describes the
difference between active treatment and control.
The threshold used to calculate NNT can vary but
NNT is likely to be relatively unchanged because a
change in threshold changes results for both active
and control.

For example, in an individual patient data
meta-analysis of postoperative pain relief, NNTs
compared with placebo were calculated for para-
cetamol, 650 mg, plus propoxyphene, 100 mg, at
between 20 and 80% relief of pain (see Figure 22).
With placebo, the proportion of patients achieving
a particular level of pain relief fell quickly as the

* Cochrane Collaboration: Review Manager Software (RevMan) 1996.
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FIGURE 22 Effect of different thresholds of pain relief on NNT
(—o— paracetamol plus propoxyphene; —e —, placebo; —o—, NNT)

target was raised. For an effective analgesic, this
proportion fell slowly until high relief targets
were reached. The difference remained largely
unaltered over a wide range of targets, thus
generating stable NNTs.

An NNT of 1 describes an event which occurs in
every patient given the treatment but in no patient
in a comparator group. This could be described

as the ‘perfect’ result in, say, a therapeutic trial

of an antibiotic compared with placebo. For
therapeutic benefit, the NNT value should be as
close as possible to 1; there are few circumstances
in which a treatment is close to 100% effective and
the control or placebo completely ineffective, so
NNTs of 2 or 3 often indicate an effective inter-
vention. For unwanted effects, NNT becomes the
NNH (number-needed-to-harm), which should

be as large as possible.

Itis important to remember that the NNT is always
relative to the comparator and applies to a partic-
ular clinical outcome. The duration of treatment
necessary to achieve the target should be specified.
The NNT for cure of head-lice at 2 weeks with
permethrin 1% compared with a control was

1.1 (95% CI, 1.0-1.2).2"

Confidence intervals
The CI of the NNT is an indication that, in
19 cases out of 20, the ‘true’ value will be in

the specified range. If the odds ratio or relative
risk/benefit is not statistically significant then

the NNT is infinite, indicating no difference from
control. An NNT with an infinite CI is then but a
point estimate. It may still have clinical importance
as a benchmark until further data permits finite
CIs but decisions must take account of this

parlous state.

Disadvantages

The disadvantage of the NNT approach, apparent
from the formula, is that it needs dichotomous
data. Continuous data can be converted to dichoto-
mous for acute pain studies so that NN'Ts may be
calculated by deriving a relationship between the
two from individual patient data.?” Because of the
way in which it is calculated, NNT will also be
sensitive to trials with high CERs. As the CER rises,
the potential for treatment-specific improvement
decreases, resulting in higher (and apparently less
effective) NNTs. So, as with any summary measure
from a quantitative systematic review, NNT needs
to be treated with caution; comparisons can only be
made confidently if CERs are in the same range.

Calculating NNTs when they are

not provided

Odds ratios

If a quantitative systematic review produces odds
ratios but no NNTs, these can be derived from
Table 18.

A caveat must be added here that odds ratios
should be interpreted with caution when events
occur commonly, such as in treatments, and odds
ratios may overestimate the benefits of an effect
when event rates are above 50%. They are likely to
be superseded by relative risk or benefit because
these are more robust in situations where event
rates are high.'*#!

Is it safe?

Estimating the risk of harm is a critical part of a
clinical decision. Systematic reviews should report
adverse events as well as efficacy, and consider the
issue of rare but important adverse events. Large
RCTs apart, most trials study limited numbers of
patients. New medicines may be launched after
trials on 1500 patients,? missing any rare but
important adverse events. The rule of three is
important here. If a particular serious event

does not occur in 1500 patients given the
treatment, then we can be 95% confident

that the chance of it occurring is, at most,
3/1500.%
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TABLE 18 Table for estimating NNT when odds ratio or CER are known (for prophylactic interventions'®)

Prophylaxis
CER 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9
0.05 41 46 52 59 69 83 104 139
0.1 21 24 27 31 36 43 54 73
0.2 I 13 14 17 20 24 30 40
0.3 8 9 10 12 14 18 22 30
0.4 7 8 9 10 12 I5 19 26
0.5 6 7 8 9 Il 14 18 25
0.7 6 7 9 10 13 16 20 28
0.9 12 15 18 22 27 34 46 64

Formula for prophylaxis: NNT = | — [CER x (I — OR)]

(1 = CER) x CER x (I — OR)

Formula for treatment: NNT = CER (OR - 1) + |

CER (OR - I) x (I — CER)
where OR = odds ratio.

Odds ratios

Treatment

1.5 2.0 25 3.0 3.5 40 45 5.010.0

209 43 22 I5 12 9 8 7 6 3

110 23 12 9 7 6 5 4 4 2

6l 14 8 5 4 4 3 3 32
46 I 6 5 4 3 3 3 3 2
40 10 6 4 4 3 3 3 3 2
38 10 6 5 4 4 3 3 3 2
44 13 8 7 6 5 5 5 5 4
101 32 21 17 16 14 14 13 13 |1l

Choose the column which is closest to the published odds ratio (prophylaxis left side, treatment right side) and the
row which is closest to the expected CER, then read off the corresponding NNT. The table can also be used to see how
different values for CER or EER for an individual patient affect the NNT at a given odds ratio.

Much the same rules apply to harm as to
efficacy, but with some important differences —
the NNH rather than the NNT and the rules
of admissible evidence.

Number-needed-to-harm

For minor adverse effects reported in RCTs,
NNH may be calculated in the same way as the
NNT. When there is low incidence it is likely

that point estimates alone will emerge (infinite
CIs). Major harm may be defined in a set of RCTs
as intervention-related study withdrawal, and be
calculated from those numbers. Precise estimates of
major harm will require a much wider literature
search to trawl for case reports or series. The
absence of information on adverse effects in
systematic reviews reduces their usefulness.

Rules of admissible evidence

The gold standard of evidence for harm, as for
efficacy, is the RCT. The problem is that, in the
relatively small number of patients studied in

RCTs5, rare serious harm may not be spotted.

For an adverse effect systematic review, study
architectures of lower intrinsic quality may
therefore be admissible. An extreme example

is that observer blinding is superfluous if the
outcome is death. Such rare and serious harm
cannot and should not be dismissed just because
itis reported in a case report rather than in an
RCT. The ‘process rules’ in this area have yet

to be determined.

Using NNTs

In an ideal world you will have three numbers
for each intervention, an NNT for benefit and
an NNH for both minor and major harm.

This then becomes the yardstick against which
alternative interventions should be judged, and

the pivot for the clinical decision on whether or not
to use the intervention for an individual patient.
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Chapter 7

Existing systematic reviews

A_ s part of the evidence-gathering exercise our
aim was to find all previous systematic reviews
of analgesic interventions.

This was undertaken in two stages. In the first, a
search was undertaken for all systematic reviews
published before 1993/94. A total of 80 were found,
and two judges assessed their quality using Oxman
and Guyatt’s index.! Most of the reviews looked at
drug interventions for chronic pain conditions. Two-
thirds were published after 1990. Most had methodo-
logical flaws, such as insufficient information on
retrieval methods and validity assessment and design
of the primary studies. Poor quality systematic re-
views reached significantly more positive conclusions
and, when there was more than one systematic review
on a particular topic, the results did not always agree.
A full account of this first stage has been published.?

The second stage was (and is) a prospective
exercise to maintain an up-to-date database of
systematic reviews in pain relief.

Introduction

Systematic reviews can potentially resolve conflicts
when reports of primary studies disagree, and in-
crease the likelihood of detecting small but clinically
important effects.>” They can also be easily misused
to produce misleading estimates of effectiveness.

A systematic search of the literature was used

to identify the highest possible proportion of
systematic reviews assessing analgesic interventions.
The objectives were:

(i) to produce a citation database of all
available reviews

(ii) to assess the quality of systematic reviews
in pain relief

(iii) to establish whether or not quality scores are
useful to resolve conflicts between different
systematic reviews.

Methods

Inclusion criteria
Reports had to meet the following criteria.

1. They had to be described as systematic
reviews or, if not, they had to include pooled
analysis of the results of several independent
primary studies. Studies in which statistical
synthesis had been planned but was deemed
to be inappropriate were also included.

2. They had to incorporate trials in which
pain was an outcome measure or in which
analgesic interventions were compared
for outcomes other than pain within the
context of a painful condition (e.g. a study
looking at the validity of grip strength to
assess the effectiveness of NSAIDs in
rheumatoid arthritis).

3. They had to be published or accepted
for publication.

Search strategy

A MEDLINE search (Silver Platter MEDLINE

v. 3.0, 3.1 and 3.11) was undertaken from 1966 to
October 1993. This MEDLINE strategy had been
developed to identify the maximum possible
number of randomized, double-blind studies or
meta-analyses in pain research, and contained
text words, ‘wild cards’ and MeSH terms.® Forty
journals were searched by hand. The register of
systematic reviews at the UK Cochrane Centre was
checked for eligible studies, and lead authors of
abstracts were asked for full manuscripts. The
reference lists for citations of other systematic
reviews were scanned.

Methodological evaluation

Each study was evaluated twice, using Oxman and
Guyatt’s index,"” with the title of the journal, the
authors’ names, the date of publication and the
source of financial support for the study obscured.
A consensus score was obtained.

Statistical analysis

The chi-squared test was used to test the relation-
ship between the direction of the conclusion of
the systematic reviews (positive versus negative/
uncertain) and the overall quality scores, and the
influence of study architecture on systematic
reviews which included study designs other than
RCTs. Prior hypotheses were that poor quality
reviews and those including designs other

than RCTs would be more likely to produce
positive conclusions.
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Results

Quality assessment of reviews

to 1993/94

Of the 84 reports found, 70 were included in
the quality assessment (7able 19). The exclusions
are specified elsewhere.? The earliest report was
from 1980, and over two-thirds appeared after
1990. Reviews considered between two and 196
primary studies (median 28). In all, 60 reviews
reached positive conclusions, seven negative
conclusions, 12 were uncertain and one did
not reach any conclusion. They used different

TABLE 19 Details of the systematic reviews

Setting Number (%)
Chronic 58 (72)
Acute 14 (19)
Mixed 6 (7)
Unclear 2(2)

Intervention

Drug 42 (54)
Psychological 16 (20)
Physical 10 (13)
Diagnostic 3(4)
Complementary 2(2)
Non-surgical invasive 2(2)
Multidisciplinary 2(2)
Surgical (1)
Preventive 1 (1)
Not specified (1)

TABLE 20 Pooling methods used in the systematic reviews

Method Number (%)
Standardised mean differences 26 (32)
Odds ratios/Mantel-Haenszel 10 (13)
‘Percentage change’ comparison 15 (20)
Simple addition 709)
Criteria-based 4 (5)
Weighted means 3(4)
Mean risk differences 2(2)

pooling methods (Table 20). All were based on
published data only (no individual patient
data analysis), without validity checks with

the study investigators. A separate list of the
reviews, by first author, is presented at the
end of this chapter.

Overall quality scores

The median agreed overall score for the
systematic reviews was 4 (range 1-7). Systematic
reviews of high quality were significantly less
likely to produce positive results (see Table 21
and Figure 23; chi-squared 18.2, p=0.006).

Outcomes Number (%)
Pain 63 (79)
Adverse effects Il (14)
Validity 39
Patient preference 1 (1)
Return to work (1)
Pulmonary function (1)
Primary studies

Randomised only 24 (30)
Randomised and double-blind 7(9)
Double-blind only 3(4)
Combination of observational and any

of the above 25 (31)
Observational only 4 (5)
Not reported 17 (21)
Method Number (%)
Random effects 2(2)
Kendal’s correlation (1)
Log rank test ()
Relative potency (1)
Not reported 5 (6)
Pooling considered inappropriate 3(4)
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TABLE 21 Meta-analyses: quality and conclusions

Conclusion

Overall Positive Negative/
quality score Uncertain
I I |
2 12 0
3 6 |
4 I |
5 8 3
6 8 9
7 4 4

Of 19 systematic reviews with negative or uncertain
results, 16 had overall quality scores above the
median, compared with only 20 of the 60 with
positive results. Systematic reviews restricted to
RCTs were significantly less likely to produce
positive conclusions (19/31) than those which
included other study architectures (41/49; chi-
squared = 5.07; p=0.024). All conclusions from
systematic reviews of psychological interventions
were positive. In only one of those reviews was
quality scored above the median. All abstracts
scored below the median, and six out of eight
abstracts received the minimum possible score.

Quality score

77 GO a0
6-1 G330 Q333330
54 Q333330 axo

4 Q333333330 )

34 QX33O )

24 GooCaCas0

14 G3a3333330 )

Yes — works No — doesn’t work

Efficacy as stated in original review

FIGURE 23 Systematic reviews: quality and estimate of efficacy?

Interventions evaluated by multiple
systematic reviews

There was more than one systematic review for
six interventions (7able 22). For acupuncture and
NSAIDs the conclusions of the reviews were the
same. Two reviews of acupuncture in chronic pain
concluded that the evidence was flawed and that
acupuncture was of uncertain value.®® Three
reviews confirmed that the risk of gastrointestinal
complications was increased by NSAIDs.'*'2

Most systematic reviews of manipulation for chronic
back pain concluded that it was useful,"*"° as did

TABLE 22 Multiple systematic reviews on a particular intervention: quality and conclusions

Intervention Study Quality score Conclusion
Acupuncture ter Riet, et al.’ 6 Uncertain
Patel, et al® 5 Uncertain
Gastrointestinal effects of NSAIDs Chalmers, et al.'® 7 Positive
Gabriel, et al."! 6 Positive
Bollini, et a 5 Positive
Manipulation Koes, et al." 6 Uncertain
Shekelle, et al." 6 Positive
Ottenbacher & di Fabio'* 4 Positive
Anderson, et al.'® 3 Positive
Second-line drugs for rheumatoid arthritis Gotzsche, et al.?° 7 Uncertain
Felson, et a 6 Positive
Capell, et al.'® 4 Positive
Felson, et al.'® 4 Positive
Prevention of postherpetic neuralgia Schmader & Studenski®® 7 Uncertain
Lycka®* 5 Positive
Crooks, et al.2é 3 Positive
Naldi, et al.?® 3 Negative
Laser for musculoskeletal pain Gam, et al.?2 6 Negative
Beckerman, et al.?' 6 Positive
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BOX 2 Using the Oxman and Guyatt scoring system for reviews

The purpose of this index is to evaluate the scientific quality (i.e. adherence to scientific principles) of research
overviews (review articles) published in the medical literature. It is not intended to measure literary quality,
importance, relevance, originality, or other attributes of overviews.

The index is for assessing overviews of primary (‘original’) research on pragmatic questions regarding causation,
diagnosis, prognosis, therapy, or prevention. A research overview is a survey of research. The same principles that
apply to epidemiological surveys apply to overviews; a question must be clearly specified, a target population
identified and accessed, appropriate information obtained from that population in an unbiased fashion, and
conclusions derived, sometimes with the help of formal statistical analysis, as in ‘meta-analyses’. The fundamental
difference between overviews and epidemiological surveys is the unit of analysis, not the scientific issues addressed
by the questions in this index.

Since most published overviews do not include a methods section, it is difficult to answer some of the questions in
the index. Answers need to be based, as far as possible, on information provided in the overview. If the methods
used are incompletely reported relative to a specific item, that item should be scored as ‘partially’. Similarly, if no
information is provided regarding what was done relative to a particular question, it should be scored as ‘can’t tell’,
unless there is information in the overview to suggest that the criterion either was or was not met.

Quality features
1  Were the search methods used to find evidence on

the primary question(s) stated? No Partially Yes
2 Was the search for evidence reasonably comprehensive? No Can’t tell Yes

3 Were the criteria used for deciding which studies to include
in the overview reported? No Partially Yes

4 Was bias in the selection of studies avoided? No Can’t tell Yes

5  Were the criteria used for assessing the validity of the included
studies reported? No Partially Yes

6 Was the validity of all studies referred to in the text
assessed using appropriate criteria? No Can’t tell Yes

7  Were the methods used to combine the findings of the
relevant studies (to reach a conclusion) reported? No Partially Yes

8  Were the findings of the relevant studies combined appropriately
relative to the primary question of the overview? No Can’t tell Yes

9  Were the conclusions reached by the author(s) supported by the
data and/or analysis reported in the overview? No Partially Yes

10 How would you rate the scientific quality of this overview?

Flaws
Extensive Major Minor Minimal
1 2 3 4 5 6 7

For Question 8, if no attempt has been made to combine findings, and no statement is made regarding the
inappropriateness of combining findings, check ‘no’. If a summary (general) estimate is given anywhere in the
abstract, the discussion, or the summary section of the paper, and it is not reported how that estimate was derived,
check ‘no’, even if there is a statement regarding the limitations of combining the findings of the studies reviewed.
If in doubt mark as ‘can’t tell’.

For Question 9, if an overview is to be scored as ‘yes’, data (not just citations) must be reported that support the
main conclusions relating to the primary question(s) addressed by the overview.

For Question 10, overall scientific quality, the score should be based on the answers to the first nine questions. The
following guidelines can be used to assist with deriving a summary score: If the ‘can’t tell’ option is used one or
more times on the preceding questions, a review is likely to have minor flaws at best and it is difficult to rule out
major flaws (i.e. a score of 4 or less). If Questions 2, 4, 6 or 8 are marked as ‘no’, the review is likely to have major
flaws (i.e. a score of 3 or less, depending on the number and degree of the flaws).
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reviews of second-line drugs for rheumatoid
arthritis,'®'® but for both interventions one review
questioned the validity of the findings because of the
high risk of bias in the primary studies.'*

Systematic reviews produced conclusions in oppo-
site directions for lasers in musculoskeletal pain?"#?
and for interventions to prevent post-herpetic
neuralgia.?*® Both systematic reviews evaluating
laser treatment were given the same quality score.

Comments

The use of systematic reviews to assess analgesic
interventions is increasing but most of the reviews
found had methodological flaws which may
threaten their conclusions. Only eight of the

80 satisfied all the Oxman and Guyatt criteria
(see Box 2 for explanation) and 16% were given
the lowest possible score. The relationship between
methodological rigour, type of primary studies
included and the direction of the conclusions
underscores the importance of review quality.
Systematic reviews including only RCTs were

less likely to produce positive conclusions.

Reviewers have to work hard to reduce bias.

The search for evidence must be comprehensive,
decisions about which studies to include or
exclude have to be overt, and validity criteria
need to be stated. Equally, readers need to be
aware of the pitfalls.

Several examples were found of reviews of
the same intervention producing conflicting
results, despite similar quality scores. This
despite the concept that systematic reviews
can resolve conflicting results between
primary studies.
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Chapter 8

Paracetamol with and without codeine
in acute pain

Summary

A systematic review of RCTs to assess the analgesia
obtained from single oral doses of paracetamol
alone and in combination with codeine in
postoperative pain found:

® 39 trials of paracetamol against placebo with
4124 patients

e 2] trials of paracetamol plus codeine against
placebo with 450 patients

¢ 12 trials of paracetamol plus codeine against the
same dose of paracetamol with 794 patients.

Pain relief information was extracted and con-
verted into dichotomous information, that is,
numbers of patients with at least 50% pain relief.
Wide variation in responses to placebo (0-72%)
and active drugs (5-89%) were observed.

In postoperative pain states paracetamol, 1000 mg,
alone against placebo had an NNT of 4.6 (95% CI,
3.9-5.4) and paracetamol, 600/650 mg, alone an
NNT of 5.3 (95% CI, 4.1-7.2). Paracetamol,
600/650 mg, plus codeine, 60 mg, against placebo
had a better NNT of 3.1 (95% CI, 2.6-3.9), with no
overlap of 95% ClIs with paracetamol, 600/650 mg,
alone. In direct comparisons of paracetamol plus
codeine with paracetamol alone, the additional
analgesic effect of 60 mg of codeine added to
paracetamol was 11 extra patients in every 100
achieving at least 50% pain relief. In indirect
comparisons of each with placebo, it was 14 extra
patients per 100. This gave an NNT for adding
codeine, 60 mg, of 7.7 (95% CI, 5.1-20).

The results confirm that paracetamol is an effective
analgesic and that codeine, 60 mg, added to para-
cetamol produces worthwhile additional pain relief
even in single oral doses.

This systematic review has been published in part
by Moore and colleagues.!

Introduction

Paracetamol is an important non-opiate analgesic,

which is commonly prescribed as well as being
available without prescription. In England in 1995,
paracetamol alone accounted for over 5 million
prescriptions for adults (16% of total non-opiate
analgesic prescriptions), with 4.5 million pre-
scriptions of paediatric suspensions.” In combi-
nation with codeine, paracetamol accounted

for a further 6.4 million prescriptions (20% of
total non-opiate analgesics). Paracetamol alone
and in combination with a variety of opioids
accounted for 93% of prescriptions in this

BNF classification.

Policy decisions and guidelines are increasingly
being made on the basis of hard evidence. Trying
to judge the relative efficacy of analgesics against
one another is not easy because there are few such
direct comparisons. Only five direct comparisons
were found of paracetamol, 1000 mg, and
ibuprofen, 400 mg, in acute pain.’

Relative efficacy can also be determined indirectly,
from comparisons of each analgesic with placebo,
using a common descriptor of efficacy, and then
comparing the results for various analgesic
interventions, both pharmacological and non-
pharmacological. In this review of paracetamol, its
analgesic efficacy is compared with information
about other drugs, again determined by similar
quantitative systematic reviews.

Methods

RCTs of paracetamol in postoperative pain

(post dental extraction, postsurgical or postpartum
pain) were sought. A number of different search
strategies were used to identify eligible reports in
MEDLINE (1966—May 1996), EMBASE (1980-96),
Cochrane Library (March 1996) and the Oxford
Pain Relief database (1950-94).* The words
‘paracetamol’, ‘acetaminophen’, and ‘trial’

were used in a free text search, both alone and in
combination, and without restriction to language.
Additional reports were identified from reference
lists of retrieved reports, review articles (including
a recent systematic review of paracetamol plus
codeine)® and textbooks.
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Inclusion criteria for paracetamol
Neither pharmaceutical companies nor authors of
papers were contacted for unpublished reports.
Abstracts and review articles were not considered.
The inclusion criteria used were:

¢ randomised allocation to treatment groups
which compared either paracetamol or a
paracetamol and codeine combination with
placebo or a paracetamol and codeine combi-
nation with the same dose of paracetamol alone

¢ full journal publication

¢ established postoperative pain, with the pain
outcome measured using a five-point pain relief
scale with standard wording (none, slight,
moderate, good, complete) or a four-point pain
intensity scale (none, mild, moderate or severe)
or a VAS for pain relief or pain intensity,
TOTPAR or SPID (at 4, 5 or 6 hours) as a
derived pain relief outcome (or sufficient data
provided to allow their calculation)

® postoperative oral administration

¢ adult patients

® baseline pain of moderate to severe intensity
(for VAS this equates to > 30 mm)®

¢ double-blind design.

Reports for the relief of other pain conditions were
excluded, as were those for paracetamol used in
combination with drugs other than codeine and
trials where the number of patients per treatment
group was less than ten.” In postpartum pain, trials
were included if the pain investigated resulted from
episiotomy or Caesarean section combined with
uterine cramps but trials investigating uterine
cramps alone were excluded.

Data extraction and analysis

The numbers of patients treated, the mean
TOTPAR, SPID, VAS TOTPAR or VAS SPID,
study duration and the dose given were taken
from each report. Information on adverse events
was also extracted. For each report, the mean
TOTPAR, SPID, VAS TOTPAR or VAS SPID
values for active and placebo were converted to
% maxTOTPAR or % maxSPID by division into
the calculated maximum value.® The proportion
of patients in each treatment group who achieved
at least 50% maxTOTPAR was calculated using
verified equations.®! These proportions were
then converted into the number of patients
achieving at least 50% maxTOTPAR by multi-
plying by the total number of patients in the
treatment group. Information on the number

of patients with at least 50% maxTOTPAR for
treatment and placebo was then used to calculate
relative benefit and NNT.

Relative benefits estimates were calculated with
95% CIs using a random effects model;'? the
random effects model was chosen because it
produces the most conservative estimate (homo-
geneity was assumed when p > 0.1). NNTs and
95% CIs were calculated using the method
described by Cook and Sackett.'® A statistically
significant difference from control was assumed
when the 95% CI of the relative benefit did

not include 1.

Results

Paracetamol versus placebo

The literature searches found 37 reports of
39 trials which fulfilled the inclusion criteria;
2530 patients were given paracetamol and
1594 patients placebo. Details of the trials
are presented in Table 23.

Of the trials found, 21 investigated oral surgery
pain (post-dental pain, predominantly third molar
extraction with bone removal), eight postsurgical
pain (elective general, gynaecological and
orthopaedic surgery) and ten postpartum pain
(episiotomy and post-Caesarean section). The
doses of paracetamol administered were 500 mg in
six trials, 600 mg in six trials, 650 mg in 11 trials
and 1000 mg in 20 trials; for analysis purposes, data
from paracetamol, 600 mg, and paracetamol, 650
mg, were combined. One report on episiotomy
provided dichotomous information on the overall
patient global rating of pain relief.'* This report
was included. The proportion of patients with good
or excellent pain relief was used.

The variation in placebo response rates (i.e. the
proportion of patients with at least 50% pain relief)
was from 0% to 72% of patients with at least 50%
maxTOTPAR (see Figure 24, page 69). The placebo
response rate ranged from 0% to 72% in post-
dental pain, from 11% to 48% in postsurgical pain,
and from 0% to 34% in postpartum pain. The
variation in response rates with all doses of para-
cetamol was 5-83% (Figure 24). The mean response
rate for paracetamol, 600/650 mg, was 42% and
for placebo 23%.

Combining data across conditions, the pooled
relative benefits for all doses of paracetamol
versus placebo were significant (Table 24).
Paracetamol, 600/650 mg, compared with
placebo in single dose administration had an
NNT for at least 50% pain relief of 5.3 (95%

CI, 4.1-7.2) and at 1000 mg the NNT was 4.6
(95% ClI, 3.9-5.4), with overlap between the CIs.
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TABLE 23 Trials of paracetamol versus placebo

Condition
and number
of patients

Study

Beaver &
McMillan,
1980

Episiotomy and
uterine cramp
(vaginal delivery
<48 hours).
n=108

Age!

Third molar
bony impacted.
n=128

Mean age,
‘mid-20s’

Bentley &
Head, 1987

Berry,etal, Episiotomy

1975 n=225

Age 15+ years.
Cooper &  Impacted third
Beaver, molar
1976 n=216

Age 16+ years
Cooper,  Impacted third
etal, 1980 molar

n=298

Mean age

‘early 20s’

Design, study
duration and
follow-up

RCT, double-blind, single
oral dose, 5 parallel
groups. 3 hour washout
prior to start and medi-
cation given > 30 minutes
before or > 2 hours
after patient’s meal.
Evaluated in hospital

by nurse observer at

0 hours then hourly
for 6 hours or until

pain returned to pre-
medication level.

RCT, double-blind, single
oral dose, four parallel
groups. No information
on anaesthesia except
‘no sedative or narcotic
agents were used before,
during or after surgery’.
Self-assessed at home at
0,1,2,3,4,5 hours then
reports posted to
investigator.

RCT, double-blind, single
oral dose, 3 parallel
groups. 12 hour washout
prior to start. Assessed
by observer(s) in hospital
at 0,05, 1,2,3,4 hours.

RCT, double-blind, 2 single
oral dose studies
(paracetamol = study 2),
4 parallel groups. No
information on anaes-
thesia. Self-assessed at
home at 0, 1,2,3 hours
(questionnaire) — posted
to investigator.

RCT, double-blind, single
oral dose, 6 parallel groups.
No information on
anaesthesia. Self-assessed
athomeat0,1,2,3,

4 hours (questionnaire) -
majority collected | week
[ater by observer, few
returned by mail (patients
telephoned if problems
encountered)

Outcome
measures

PI (4-point scale)
PR (5-point scale)
50% PR (y/n)
Global rating
(5-point scale)
NB: episiotomy
pain assessed as
‘right now’ and
uterine cramp
pain as ‘during
the last hour’.

PI (10-point scale)
PR (5-point scale)

Pl (5-point scale)
PR (5-point scale,
but non-standard)
Gastric discomfort
(4-point scale)
Global rating
(5-word scale)

PI (4-point scale)
PR (5-point scale)
Pain half gone? (y/n)
Had the patient
fallen asleep during
the hour? (y/n)

Pl (4-point scale)
PR (5-point scale)
Global rating
(5-point scale)
50% relief of
baseline pain (y/n)
Time to
remedication

Dosing
regimen

Placebo
(n=22);
paracetamol,
1000 mg
(n=22).

Placebo
(n=17)
paracetamol,
1000 mg
(n=41).

Placebo
(n=76);
paracetamol,
1000 mg
(n=76).

Study 2: Placebo
(n=40);
paracetamol,
600 mg (n = 40).

Placebo (n = 38);

paracetamol,
500 mg (n = 37).

Analgesic Remedication

outcome results

Patients allowed
remedication after

Paracetamol signifi-
cantly superior

to placebo 2 hours if pain
(b <0.05-0.01) returned to pre-
for all measures medication levels.
except those After remedication,
based on change PR =0for all
inPl. further time points.
Paracetamol Rescue analgesic,
significantly Tylenol no 3.
superior for all For patients with
measures of remedication at
efficacy. <5 hours, last PI
and PR scores
carried on for all
further time points.
Total Pl and PR After reasonable

scores showed para- period, rescue
cetamol significantly analgesia could be
superior to placebo. prescribed at the
Global rating > good. investigator’s
Placebo 18/76. discretion and patient
Paracetamol 43/76. regarded as a treat-
ment failure (no
information on how
data handled).
Placebo 23/76;
paracetamol 2/76.

Remedication
consisted of taking
second envelope and
evaluating it in same
way as the first.
Unclear how data
was then handled.
112/160 patients
required
remedication.

Parametric analysis
concluded that
paracetamol signifi-
cantly superior to
placebo (p < 0.01).

Paracetamol showed t > | hour before
significant analgesic  remedication (unclear
efficacy for all how data handled).
measures. Remedication
<4 hours: placebo
26/38; paracetamol
25/37.

Withdrawals
and exclusions

108 analysed.
‘There were no
drop-outs.

120 patients
analysed. Exclu-
sions: 3 took no
medication; |
took only part;

| took none until
day after surgery;
| remedicated
after 30 minutes;
| vomited within
30 minutes of
taking medication;
| did not return
forms.

No details.

160 analysed.
Exclusions:

30 patients did not
return forms; 12
completed forms
improperly; 4 took
concomitant medi-
cation; 6 required
no medication; 4
were randomly
deleted to even out
numbers on each
treatment.

247 analysed.
Exclusions: 21 lost
to follow-up; 10
dropped out before

Adverse effects  Quality

score

NSD between 4
groups.All mild

and subjective.

Total numbers
reporting adverse
effects (number of
effects): placebo

722 (8); para-

cetamol [1/22 (13).

53 patients reported 3
one or more; 86
reported in total,
majority being
dizziness, drowsiness,
nausea and vomiting.
NSD between
treatment groups.
Total numbers
reporting adverse
effects (number of
effects): paracetamol
21/42 (31); placebo
9119 (16).

“None of the patients 3
experienced adverse
drug reactions.”
Number reporting
gastric discomfort:
paracetamol (slight)
2/76; placebo
(moderate) 2/76.

None serious 5
reported. Most
common: drowsiness,
nausea and headache.
Numbers reporting
adverse effects

(number of effects):
placebo 5/40 (5);
paracetamol 5/40 (7).

Numbers reporting 4
adverse events

(number of effects):
placebo 6/38 (7);

ingesting medication paracetamol 3/37 (6).

(no details); 20
ingested medication
but excluded for
protocol violations
(no details).

continued
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TABLE 23 contd Trials of paracetamol versus placebo

Study Condition
and number
of patients

Cooper,  Impacted third

etal, 1981  molar
n=248
Mean age
‘early 205’

Cooper,  Oral surgery

etal, 1986 (involving bone
removal)
n=112
Age 16+ years

Cooper,  Impacted third

etal, 1988 molar
n=165
Age range
18-57 years

Cooper,  Removal of

etal, 1989 impacted teeth
n=1%

Age 16+ years

Cooper &  Removal of
Kupperman, one or more
1991 impacted teeth
n=247
Age ‘young adult’

Design, study
duration and
follow-up

RCT, double-blind, single
oral dose, 5 parallel groups.
Either general or local
anaesthetic. Self-assessed
athomeat0,1,2,3,

4 hours (questionnaire).

RCT, double-blind, single
oral dose, 3 parallel groups,
single centre and | surgeon.
No information on
anaesthesia. Self-assessed
athomeat0,1,2,3,4,5,

6 hours (diary).

RCT, double-blind, single
oral dose, 3 parallel
groups, single centre and

| surgeon. Local anaes-
thetic with sedative and/or
nitrous oxide. 4-hour
washout prior to start.
Self-assessed at home at
0,0.5,1,2,3,4,5,6 hours
(diary).

RCT, double-blind, single
oral dose, 3 parallel groups.
local anaesthetic with iv
sed., atropine and/or
nitrous oxide. 4-hour
washout prior to start.
Self-assessed at home at
0,05,1,2,3,4,5,6 hours
(diary).

RCT, double-blind, single
oral dose, 6 parallel
groups. Local anaesthetic
(lidocaine + epinephrine)
with i.v. diazepam and
methohexital (nitrous
oxide also used on
occasion).

Self-assessed at home at
0,0.5 hours then hourly
for 6 hours (diaries).

Outcome
measures

Pl (4-point scale)
PR (5-point scale)
Global rating
(5-point scale)
50% relief of
baseline pain (y/n)
Time to
remedication

PI (4-point scale)
PR (5-point scale)
Pain half gone? (y/n)
Global rating
(5-point scale)
Time to
remedication

PI (4-point scale)
PR (5-point scale)
Pain half gone? (y/n)
Global rating
(5-point scale)
Time to
remedication

PI (4-point scale)
PR (5-point scale)
Pain half gone? (y/n)
Global rating
(5-point scale)
Time to
remedication

PI (4-point scale)
PR (5-point scale)
Global rating
(5-point scale)
Time to
remedication

Dosing
regimen

Placebo
(n=37);
paracetamol,
650 mg
(n=37).

Placebo
(n=22);
paracetamol,
1000 mg
(n=138).

Placebo
(n=40);
paracetamol,
600 mg
(n=36).

Placebo
(n=64);
paracetamol,
1000 mg
(n=159).

Placebo
(n=44);
paracetamol,
650 mg
(n=37).

Analgesic
outcome results

Al active
treatments signifi-
cantly superior to
placebo for all
measures.(For mean
values of SPID, peak
PID, total PR, etc.
see Table 2).

For all measures
paracetamol
significantly superior
to placebo

(b < 0.05). (see
Table 2 for mean
values of SPID,
TOTPAR, 50%
reduction, etc.)

Paracetamol
appeared clinically
more effective than
placebo but was
not significantly
superior.

Paracetamol
significantly superior
to placebo

(p <0.05-<0.001)
for all measures.
(see Table 2 for
mean values, SPID,
TOTPAR, etc.)

Paracetamol was
only active drug not
significantly superior
to placebo for

any measure.

Remedication

Remedication after
hour | if needed (last
score used for all
further time points).
Remedication

<4 hours: placebo
20/37; paracetamol
2/37.

Remedication after
first hour if needed
(last score used for
all further time
points).

Remedication after
first hour (Jast or
baseline score used
for all further time
points).

Remedication after
first hour (Jast or

baseline score used
for all further time

Withdrawals
and exclusions

200 analysed.
Exclusions: 17 did
not ingest medi-
cation; 3| ingested
medication but
violated protocol

Adverse effects  Quality

score

None serious 4
reported. Numbers
reporting adverse
effects (number of
effects): placebo

4137 (5); paracetamol

(remedicated before 12/37 (15).
Ist hour observation,

constant deviation
of more than

|5 minutes from
evaluation times,
did not return
questionnaire, lost
to follow-up)

99 analysed.
Exclusions: 6

did not require
analgesia; 3 fell
asleep; other 4
were for ‘various
protocol
violations’.

143 analysed.
Exclusions: | I lost
to follow-up; 8 did
not require
medication; 3 for
‘various protocol
violations'.

184 analysed.
Exclusions: 4 slept
through more than
two observations;

points). Approximately 2 lost to follow-up;

50% paracetamol and
36% placebo com-
pleted least 4 hours
before remedication.
Significantly longer
mean time to
remedication for
paracetamol

(p < 0.05) than

for placebo.

t> | hour before
remedication, data
included and baseline
or last score (most
severe) used for all
further time points.

2 did not need
medication; | had
inadequate baseline
PI; | failed to com-
plete evaluations
at set times.

226 analysed.
Exclusions; 13

did not require
medication; 3 lost
to follow-up, 2
remedicated. with
slight pain before
second hour
observation; 2
remedicated
before first hour
observation; | fell
asleep for over

2 hours.

None serious 3
reported. Over half
those reported were
drowsiness; there

were two reports

of nausea. Numbers

of events reported:
paracetamol 12;
placebo 0.

None serious 4
reported. Numbers

of events reported:
placebo 3;

paracetamol 8.

190 evaluated (all 5
who ingested
medication). None
serious reported -
drowsiness being
most common.
Numbers reporting
adverse effects
(number of effects):
placebo 7/64 (7);
paracetamol

11763 (13).

All adverse effects 3
mild. Numbers
reporting adverse
effects (number of
effects): placebo

7144 (9); paraceta-

mol 6/37 (7).

continued
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TABLE 23 contd Trials of paracetamol versus placebo

Study

Dionne,
etal, 1994

Dolci, et al,
1994

Fassolt &
Stocker,
1983

Forbes,
etal, 1982

Forbes,
etal, 1983

Forbes,
etal, 1984

Condition
and number
of patients

Impacted third
molar
n=135

Age 16+ years

Removal of single
impacted third
molar

n=33%

Age 18+ years

Postoperative
(‘simple surgery’
with |5+ surgical
techniques
named)

n=146

Age 18+ years

Impacted third
molar (I or
more)
n=177

Age |5+ years

Postoperative
(general,
gynaecological
or orthopaedic
surgery)
n=132

Age 18+ years

Postoperative
(general,
gynaecological
or orthopaedic
surgery)
n=132

Age |8+ years

Design, study
duration and
follow-up

RCT, double-blind, single
oral dose, 5 parallel groups.
General and local anaes-
thetic. 4-hour washout
prior to start. Self-assessed
at clinic for at least first

2 hours then at home
hourly for 6 hours.

RCT, double-blind, single
oral dose, 4 parallel groups,
multicentre (11). No
information on anaesthesia.
24-hour washout prior to
start. Evaluations made at
0,05,1,1.5,2 hours in
clinic then at 3 and 4 hours
at home (diary).

RCT, double-blind, single
oral dose. 5 parallel groups.
General anaesthetic used.
4-hour washout prior to
start. Evaluation at 0,

30 minutes then hourly for
6 hours by same trained
observer in hospital.

Double-blind, single oral
dose, 5 parallel groups.

No information on
anaesthesia. Self-assessed
athome at 0, | hours, then
hourly for 12 hours.

RCT, double-blind, single
oral dose, 5 parallel groups.
General anaesthetic. Oral
analgesia given on request
first day able to take. Self-
assessed in hospital at 0,
0.5,1,1.5,2 hours then
hourly for 12 hours. Single
nurse observer present for
first 6 hours, 2nd 6-hour
period monitored by

ward staff,

RCT, double-blind, single
oral dose, 5 parallel groups.
General anaesthetic. Trial
drug given on request first
day after surgery. Assessed
in hospital by single nurse
observer at 0, |5 and

30 minutes, then hourly
for 6 hours.

Outcome
measures

PI (4-point scale)
PR (5-point scale)
Global rating
(5-point scale)
Time to
remedication

PI (4-point scale)
PR (5-point scale)
Global rating
(5-point scale)

PI (5-point scale
andVAS)

PR (5-point scale)
Global rating
(5-point scale)
Time to
remedication

Pl (4-point scale)
PR (5-point scale)
50% PR? (y/n)
Global rating
(5-point scale)
Time to
remedication

PI (4-point scale)
PR (5-point scale)
Pain half gone? (y/n)
Global rating
(5-point scale)
Time to
remedication

PI (4-point scale)
PR (5-point scale)
Pain half gone! (y/n)
Acceptability
(5-point scale,

each hour)

Time to
remedication

Dosing
regimen

Placebo
(n=125);
paracetamol,
650 mg
(n=127).

Placebo
(n=76);
paracetamol,
500 mg
(n=72).

Placebo
(n=128);
paracetamol,
650 mg
(n=29).

Placebo
(n=30);
paracetamol,
600 mg
(n=34).

Placebo
(n=126);
paracetamol,
600 mg
(n=126).

Placebo
(n=33);
paracetamol,
650 mg
(n=3l).

Analgesic Remedication

outcome results

Paracetamol not  t 2 hours before

significantly different remedication, data

to placebo for any  included and baseline

measure of analgesia. used for all further
time points.

PID/PR: paracetamol Rescue analgesia 298 analysed.
significantly superior permitted after Exclusions: 15 lost
to placebo at 90 minutes, no to follow-up, 6

t= 30 minutes further evaluation  remedicated before
(p<00l)andat  post-remedication.  |.5 hours;3

t= |4 hours Number remedicated experienced

(b <0.001). att> |.5 hours: adverse event and
SPID/TOTPAR: placebo 46/76; did not complete

paracetamol signifi- paracetamol |5/72.
cantly superior at

t= |4 hours.

Dichotomous data

available for Global

Rating (see page 190,

Table V).

pain.

Al active drugs Remedication
significantly superior allowed after 2 hours  given.
for all measures of ~ (last score used for
efficacy (except all further time
Suprofen 200 which points). Number
showed no not remedicated at
significant difference 6 hours: placebo
in global rating). ~ 9/28; paracetamol

2529.

If remedication at
<2 hours -excluded.
If >2 < 12 hours,
PR=0andPI
baseline or last.

% patients remedi-
cated at > 2 hours
but < 12 hours:
placebo 93%;
paracetamol 85%.

At 4 hours para-
cetamol significantly
superior to placebo
for PR, peak PR and
50% PR (p < 0.01).

properly.
At 6 hours para-  Patients remedicated 132 analysed.
cetamol significantly on demand if There were

<2 hours excluded.
If remedicated at
<12 hours, PR = 0,

superior for all
measures; at
12 hours for all

except SPID. PI = baseline or last

score for remaining

time points.
Paracetamol If remedicationat 129 analysed.
significantly superior < 6 hours,PR =0,  Exclusions:2
for all measures of Pl = baseline or last  remedicated
efficacy at t = for all remaining <2 hours; |
|4 hours. But only ~ time points. received interfering
marginally significant medication.

for peak Pl difference
and peak PR.

Withdrawals
and exclusions

124 analysed.
Exclusions: 4
previously enrolled
in study; 3 remedi-
cated before

2 hours; 2 lost to
follow-up; | ineli-
gible because of
codeine sensitivity.

assessment; 14 did
not experience >
moderate baseline

No information

159 analysed.
Exclusions: 4 lost
to follow-up; 3 did
not take medi-
cation; 7 took
remedication

< 2hours; |
medicated with
mild pain; 3 did not
complete forms

no exclusions.

Adverse effects  Quality

score

All reported mild. 3
Numbers reporting
adverse effects

(number of effects):
placebo 5/25 (5);
paracetamol 7/27 (9).

4 withdrew from 4
study because of
adverse effects.
Paracetamol:

nausea |; swelling 1.
Placebo: fever 1,
nausea and

diarrhoea |.
Numbers reporting
adverse effects
(number of effects):
paracetamol 7/80 (7);
placebo 8/82 (12).

None serious 2
reported — no further
details given.

No active treatment 3
produced more than
placebo. None were
serious.

None serious 5
reported. Most
common were
drowsiness, dizziness
and dry mouth.
Numbers reporting
adverse effects
(number of effects):
placebo 4/26 (5);
paracetamol

11726 (11).

None serious 4
recorded. Sedation
accounted for 65-70%.
Numbers reporting
adverse effects

(number of effects):
placebo 8/33 (9);
paracetamol 9/33 (10).

continued
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TABLE 23 contd Trials of paracetamol versus placebo

Study

Forbes
etal, 1984

Forbes,
etal, 1989

Forbes,
etal, 1990

Honig &
Murray,
1984

Jain,
etal, 1986

Condition
and number
of patients

Impacted third
molar (I or
more)

n=191

Age |5+ years

Impacted third
molar (I or
more)
n=107

Age |5+ years

Impacted third
molar (I or
more)

n =269

Age 15+ years

Postoperative
(elective surgery,
viz. abdominal,
orthopaedic,
rectal, thoracic,
vascular)
n=116

Age range

19-87 years

Postoperative
(general,
gynaecological
or orthopaedic
surgery)
n=128

Age range
18-70 years

Design, study
duration and
follow-up

RCT, double-blind, single
oral dose, 4 parallel groups.
Generalflocal anaesthetic
(unclear). Self-assessed at
home at 0, | hours, then
hourly for 6 hours.
Returned 5 days later for
review and debriefing.

RCT, double-blind, single
oral dose, 4 parallel groups
at 2 centres. General and
local anaesthetic (unclear).
Patients self-assessed at
home at 0, 1,2 hours then
hourly for 12 hours or
until remedication (diary).
Returned 5 days later for
review and debriefing.

RCT, double-blind, single
then multiple oral dose,

6 parallel groups. General/
local anaesthetic (unclear).
Self-assessed at home at 0,
| hours, then hourly for

6 hours. Returned 5 days
later for review and
debriefing.

RCT, single oral dose, 4
parallel groups. No
information on anaesthesia,
4-hour washout prior to
start. Interviewed in
hospital by nurse observer
at 0,05, | hours then
hourly for 6 hours.

RCT, double-blind, single
oral dose, 4 parallel groups.
General anaesthetic. Trial
drug given within 72 hours
of surgery on request for
analgesia. 4-hour washout
prior to start.Assessed in
hospital by nurse observer
at 0, 15 and 30 minutes,
then hourly for 6 hours.

Outcome
measures

Pl (4-point scale)
PR (5-point scale)
Pain half gone? (y/n)
Global rating
(5-point scale)
Time to
remedication

PI (4-point scale)
PR (5-point scale)
Global rating
(5-point scale)
Time to
remedication

PI (4-point scale)
PR (5-point scale)
Pain half gone! (y/n)
Global rating
(5-point scale)
Time to
remedication

PI (4-point scale)
PR (5-point scale)
50% PR? (y/n)
Global rating
(5-point scale)

PI (4-point scale)
PR (5-point scale)

Dosing
regimen

Placebo
(n=36);
paracetamol,
650 mg
(n=39).

Placebo
(n=23);
paracetamol,
600 mg
(n=22).

Placebo
(n=34);
paracetamol,
600 mg
(n=36).

Placebo
(n=30);
paracetamol,
600 mg
(n=28).

Placebo
(n=32);
paracetamol,
650 mg
(n=30).

Analgesic
outcome results

Paracetamol
significantly superior
for all measures of
total and peak
analgesia.

For 12 hours:
paracetamol not
significantly superior
for any measure.
For 4 hours: para-
cetamol significantly
superior for SPID,
TOTPAR and

hours of 50%

relief.

All active medi-
cations significantly
superior for all
measures of total
and peak analgesia.

TOTPAR and global
rating: paracetamol
significantly superior
to placebo

(p <0.05).

Paracetamol only
significantly superior
for maximum

relief (p < 0.05).

Remedication

Patients could
remedicate after

2 hours but were
asked to complete
next evaluation
before doing so (PI
[ast or baseline score;
PR = 0 for all further
time points).

% remedicating by
hour 6: paracetamol
74%; placebo 97%.

Patients could
remedicate after

2 hours but were
asked to complete
next evaluation
before doing so (PI
[ast or baseline score;
PR = 0 for all further
time points).

% remedicating by
hour 12: paracetamol
95%; placebo 91%.

Remedication
allowed after 2 hours
but asked to
complete next
evaluation (P! last or
baseline score;

PR = 0 used for all
remaining time
points).

% remedicated by
hour 6: placebo 33%;
paracetamol 29%.

If remedicated, last
score used for all
further time points.
Number of patients
not remedicated in
6 hours: placebo
14/30; paracetamol
16/28.

Remedicated at

<2 hours, data
excluded. If > 2 hours,
last measurement
used for all remaining
time points.

Total numbers
remedicated: placebo
11/32; paracetamol
10/30; Nalbu 9/34;
Combo 5/32.

Withdrawals
and exclusions

148 analysed.
Exclusions: | did
not return results;
| lost to follow-up;
26 did not require
medication, 8 did
not follow instruc-
tions; 7 remedi-
cated < 2 hours.

88 analysed.
Exclusions: 9 did
not take medi-
cation; 2 remedi-
cated before 2 hour
point; | remedi-
cated with slight
pain; 4 did not com-
plete evaluation;

| took only part of
the medication; 2
remedicated despite
having some relief
from the study
medication.

206 analysed.
Exclusions; 3 lost
to follow-up; | lost
report card; 22 did
not require
medication; 8
remedicated despite
having relief from
study medication;
6 remedicated with
only slight pain;

13 remedicated
<2 hours; 7 failed
to follow instruc-
tions; 3 did not
complete forms.

No details given.

122 analysed.
Exclusions: 2 had
improperly blinded
drugs; 2 remedi-
cated < 2 hours
and 2 received
interfering
medication.

Adverse effects

NSD between 5
treatments, none
serious. Most

frequent was
drowsiness.

Numbers reporting
adverse effects

(number of effects):
placebo 2/40 (2);
paracetamol 1/43 (2).

None serious
reported.

Numbers reporting
adverse effects
(number of effects):
placebo 2/26 (2);
paracetamol 3/26 (3).
NB:includes those
reported post-
remedication.

None serious 5
reported.

Numbers reporting
adverse effects

(number of effects):
placebo 0/38;
paracetamol 5/41 (5).

None severe except 3
| severe dry mouth.
Reported in all

groups; primarily

central nervous

system and gastro-
intestinal effects.

None serious 4
reported. NSD

between groups.
Numbers reporting
adverse effects

(number of effects):
placebo 6/32 (8)
paracetamol 9/30 (9).

continued

Quality
score
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TABLE 23 contd Trials of paracetamol versus placebo

Study

Kiersch,
etal, 1994

McQuay,
etal, 1988

Mehlisch,
etal, 1995

Mehlisch &
Frakes,

1984

Schachtel,
etal, 1989

Sunshine,
etal, 1986

Condition
and number
of patients

Impacted third
molar (3 or 4)
n=232

Age |4+ years

Postoperative
(elective
orthopaedic
surgery)
n=158

Age range
18-70 years

Third molar
(at least |
embedded)
n=240

Age 15+ years

Oral surgery
(involving bone
removal)
n=174

Age 16+ years

Episiotomy (post
uncomplicated
delivery)
n=115

Age range

16-37 years

Impacted
third molar
n=182

Age 16+ years

Design, study
duration and
follow-up

RCT, double-blind, single
oral dose, 3 parallel groups.
Local anaesthetic, 48-hour
washout prior to start.
Self-assessed in clinic for
first 2 hours, then at home
at 0,20, 30,and 40 minutes,
| hour then hourly for

12 hours.

RCT, double-blind, single
oral dose, 5 parallel groups.
General anaesthetic. Trial
drug given 1/2 days after
surgery. 3-hour washout
prior to start. Assessed in
hospital by nurse observer
at0,0.5, 1 and 1.5 hours
then hourly for 6 hours.

RCT, double-blind, single
oral dose, 3 parallel groups.
Local anaesthetic, |2-hour
washout prior to start.
Self-assessed at 0, 15 and
45 minutes, | hour and

90 minutes, then hourly
for 6 hours.

RCT, double-blind, single
oral dose, 3 parallel groups.
No information on
anaesthesia except no
long-acting im. or i.v.
anaesthesia used. 4-hour
washout period prior to
start. Assessed in clinic by
nurse observer at

30 minutes then hourly
for 6 hours.

RCT, double-blind, single
oral dose, 3 parallel groups.
4-hour washout prior to
start. Assessed (where and
by whom not clear) at 0,
0.5, I hour, then hourly

for 4 hours.

RCT, double-blind, single
oral dose, 6 parallel groups.
Local anaesthetic
(lidocaine/epinephrine).
4-hour washout prior to
start. Evaluations at 0, 0.5,
1,2,3 hours in clinic by
single observer. At 4,5,

6 hours self-assessed.

| week later met with
observer to review forms.

Outcome Dosing
measures regimen

Pl (4-point scale)  Placebo

PR (5-point scale)  (n = 30);
Pain half gone! (y/n) paracetamol,
Global rating 1000 mg
(5-point scale) (n=30).
Time to

remedication

VAS PI (100 mm)

PI (4-point scale,  Placebo
VASand 8-word  (n=30);
verbal rating) paracetamol,
PR (5-point scale 1000 mg
andVAS) (n=30).NB:
Pain half gone? (y/n) ~these are
Global rating numbers after

(5-point scale, both  exclusions.
patient and observer)

Time to

remedication

Vital signs

Pl (4-point scale)  Placebo

PR (5-point scale)  (n = 40);

Global rating paracetamol,

(5-point scale) 1000 mg
(n=101).

Pl (4-point scale)  Placebo

PR (5-point scale)  (n = 55);

Pain half gone! (y/n) paracetamol,

Global rating 1000 mg

(5-point scale) (n=158).

Time to

remedication

PI (4-point scale)  Placebo

PR (5-point scale)  (n = 38);

Global rating paracetamol,

(5-point scale) 1000 mg
(n=37).

Pl (4-point scale)  Placebo

PR (5-point scale)  (n = 30);

Global rating paracetamol,

(4-point scale) 650 mg

Overall (n=30).

improvement

(7-point scale)

Time to

remedication

Analgesic
outcome results

Paracetamol
significantly superior
to placebo for most
efficacy measures in
first 6 hours.

Paracetamol
significantly superior
to placebo for all
integrated measures
of efficacy.

Paracetamol
significantly superior
to placebo for all
measures of efficacy.

Paracetamol
significantly superior
(p <0.05) to
placebo for all
measures, and to
aspirin for maximum
PID (p < 0.05),
maximum PR
(p<0.03)

and global rating

(p <0.02).

Paracetamol
significantly superior

Remedication

“Patients were asked
to allow 2 hours...
before taking
alternate medication.”
Time to remedi-
cation (median):
placebo 2.0 hours;
paracetamol

3.1 hours.

If remedicated after

| hour, Pl scored at
baseline and PR = 0.
For patients.
remedicated at

< 6 hours:all active
treatments
significantly superior
(p < 0.01) to placebo.

If remedicated before
| hour, data excluded
from analysis.Value
of 0 was assigned for
Pl'and PR at all time
points after remedi-
cation.% patients
remedicating: placebo
88%; paracetamol 52%.

Remedicated if
required after | hour
and patient
considered treatment
failure (no details on
how data was
handled). Full dichoto-
mous data on times of
medication in Table IV.
Number of patients
not remedicated
before t > 6 hours:
paracetamol |3/58;
placebo 3/55.

If remedicated after
| hour considered

(p < 0.05) to placebo treatment failure;

for TOTPAR, global
rating and number
of remedications.

Paracetamol
significantly superior
(p < 0.05) to
placebo for: PID

at 1-3 hours,

SPID at 4 hours,

PR at 2 hours and
time to peak effect
(see Table Il).

last/baseline Pl and
PR =0 scored for
remaining time points.
Remedicated < 6
hours: paracetamol
13/37; placebo 22/38.

If remedicated at

< | hour, excluded.
Ifat> | hour, last PI
or baseline and

PR = 0 used. Full
dichotomous data
inTable Il.

Number of patients
remedicated: placebo
13/30; paracetamol
14/30.

Withdrawals
and exclusions

226 analysed.
Exclusions: |
experienced nausea
and vomiting so

did not ingest

Adverse effects  Quality

score

None serious 4
reported.

Numbers reporting
adverse effects

(number of effects):

treatment; 2 did not placebo 13/45 (18);

require analgesia;
| failed to follow
instructions; 2
vomited within
10 minutes of
taking trial drug.

150 analysed.
Exclusions: 2
discharged before
end; 3 received
drugs prohibited by
protocol; | vomited
intact medication
within 15 minutes;
2 pain assessments
inadequately
completed.

399 analysed.
Exclusions: | failed
to complete diary.

162 analysed.
Exclusions: 9 failed
to comply with
protocol; 3 lost to
follow-up.

111 analysed.
Exclusions: 4
remedicated but
did not record
at what time.

182 analysed.
No exclusions.

paracetamol 31/92
(35).

None serious 4
reported; NSD

between groups.
Numbers reporting
adverse effects

(number of effects):
placebo 6/30 (8);
paracetamol 6/30 (10).

None serious 3
reported.

Numbers reporting
adverse effects

(number of effects):
placebo 4/40 (?);
paracetamol

17101 (2).

NSD in numbers 4
for paracetamol

and placebo -

no other

details given.

None reported. 4
Placebo 0/37;
paracetamol 0/37.

None serious 5
reported; NSD
between groups.
Numbers reporting
adverse effects:

placebo 1/30;
paracetamol |/30.

continued
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TABLE 23 contd Trials of paracetamol versus placebo

Study Condition Design, study Outcome Dosing
and number  duration and measures regimen
of patients follow-up

Sunshine,  Episiotomy RCT, double-blind, single Pl (4-point scale) Placebo
etal, 1989  (multiparous oral dose, 3 parallel groups. PR (5-point scale)  (n = 50);
in-patients) Only included patients with Global rating
n =200 severe pain. 4-hour (4-point scale) 650 mg
Age I8+ years  washout prior to start.  Overall improvement (n = 75).
Evaluations in hospital by ~ (7-point scale)
nurse-observer at 0,05,  Time to
| hours, then hourly for  remedication
6 hours (if asleep, woken).
Interviews in patients’ first
language (Spanish).

Sunshine,  Postoperative
etal, 1993  (Caesarean

RCT, double-blind, single Pl (4-point scale) Placebo
oral dose then multi-dose, PR (5-point scale) ~ (n =48);

section) 5 parallel groups. Only Global rating paracetamol,
n =240 included patients with (5-point scale) 650 mg
Age |8+ years  severe pain, 4-hour Time to (n=48).

washout prior to start.
Evaluation by same nurse-
observer at 0,0.5, | hours,
then hourly for 8 hours.
Interviews in patients’ first
language (Spanish).

meaningful relief

Winter, Oral surgery
etal, 983 (various

RCT, double-blind, single Pl (4-point scale) Placebo
oral dose, 4 parallel groups. PR (S-point scale)  (n =4l);

procedures) 4-hour washout period  50% PR? (y/n) paracetamol,
n=168 prior to start. General Global rating 1000 mg
Age range and/or local anaesthetic.  (5-point scale) (n=41).
16-75 years Self-assessed at 0,0.5, 1,2,
3and 4 hours.
Young, Postoperative  RCT, double-blind, single Pl (4-point scale) Study I:

etal, 1979  (various elective oral dose, 4 parallel groups. PR (5-point scale)  Placebo

procedures) General anaesthetic 2 Global ratings (n=29);
n=120 (halothane/nitrous (5-point scale, both  paracetamol,
Age range oxide/oxygen). 4-hour patient and observer 650 mg
12-83 years washout prior to start. ~ opinions) (n=130).

Evaluated in hospital by
single observer at 0,0.5, I,
2,3 and 4 hours.

Drug-related study withdrawals rarely occurred.
One study'® had three withdrawals, one patient on
placebo and two on paracetamol. Another study'®
had two patients who withdrew on paracetamol.
These studies reported a variable incidence of
adverse events which were mild and transient,
with no difference in incidence between
paracetamol and placebo.

Paracetamol plus codeine

versus placebo

A total of 20 reports of 20 trials were found
which fulfilled the inclusion criteria; 721 patients
were given paracetamol and 664 placebo. Details
of the trials are given in Table 25. The doses
administered were paracetamol, 300 mg, plus
codeine, 30 mg, in five trials; paracetamol,

600 mg, plus codeine, 60 mg, in eight trials;

paracetamol,
placebo for all
measures of efficacy. baseline and PR =0

Paracetamol not
significantly superior < | hour after first  were analysed.
(p<0.05) to
placebo for

any measure.

Paracetamol
significantly superior allowed after 2 hours Exclusions: 3 reported.
to placebo for all
measures of

analgesic efficacy. 2 patients

Analgesic Remedication Withdrawals Adverse effects  Quality
outcome results and exclusions score
Paracetamol If remedicated at 200 analysed. Only 2 patients 4
significantly superior < 2 hours excluded. ~ No exclusions. reported adverse

(p<0.05) to If remedicated at efffect; they were

> 2 hours, Pl last or in neither
paracetamol nor

used for remaining placebo groups.

time points. Those reported
No remedications were mild dizziness,
at <2 hours. sleepiness and
Remedications at sweating.

> 2 hours: placebo
8/50; paracetamol 2/75.
If remedicatedat ~ All 240 enrolled  No details for single 4
dose phase.

dose, dropped and
replaced. If
remedicated > | hour
after first dose,
eligible for repeat
dose phase.

Number of patients
remedicated

< 8 hours: placebo
35/48; paracetamol
42/48.

Remedication 164 analysed. None serious 4
or if pain returned to protocol violations; Numbers reporting
pre-medication levels. | did not receive  adverse effects:

study medication.  placebo /41

Both produced remedicated (severe headache);
significant analgesia 22 hours (I placebo paracetamol 0/41.

as early as and | paracetamol).

t=0.5 hours.

Paracetamol only ~ “Any concomitant |19 analysed. None serious 4
significantly superior or additional Exclusion: | reported.

to placebo medication given was received analgesia  Numbers reporting
(p<0.05)at duly noted.” No within 2 hours adverse effects:
t=2hours details of this data  of study. placebo 1130
PR score. given or how it was (sedation);
handled. paracetamol
3/30 (nausea).

paracetamol, 650 mg, plus codeine, 60 mg, in

five trials, and paracetamol, 1000 mg, plus codeine,
60 mg, in two trials. One report on episiotomy
provided dichotomous information on the

overall patient global rating of pain relief."”

This report was included. The proportion of
patients with good or excellent pain relief was
used. Pain relief was measured over 4-6 hours

in 19 of the reports; one had observations for

just 3 hours.

The variation in placebo response rate was

from 0% to 72% of patients with at least 50%
maxTOTPAR. The variation in response rate

for all doses of paracetamol plus codeine was
20% to 83% (see Figure 25, page 73). The mean
response rate for paracetamol, 600/650 mg, plus
codeine, 60 mg, was 51% and for placebo, 21%.
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At least 50% PR with paracetamol

1
0 25 50 75 100

At least 50% PR with placebo

FIGURE 24 Single dose studies of paracetamol against placebo
(g, 500 mg; o, 600/650 mg; O, 1000 mg; +, 1500 mg)

Doses of paracetamol were given first. Studies
were predominantly in oral surgery (14 trials for
paracetamol plus codeine against placebo and
ten trials for paracetamol plus codeine against
paracetamol alone).

Combining data across conditions, paracetamol,
300 mg, plus codeine, 30 mg, compared with
placebo in single dose administration had an
NNT for at least 50% pain relief of 5.3 (95% CI,
3.8-8.0), paracetamol, 600/650 mg, plus codeine,
60 mg, an NNT of 3.1 (95% CI, 2.6-3.8) and
paracetamol, 1000 mg, plus codeine, 60 mg,

an NNT of 1.9 (95% CI, 1.5-2.6), although

in only two trials (see Table 26, page 74).

There were no serious adverse events which
necessitated patient withdrawal from
any study.

Paracetamol plus codeine versus
paracetamol alone

A total of 12 reports of 12 trials were found which
fulfilled the inclusion criteria; 395 patients were
given paracetamol and 399 placebo. Four reports
were identified which fulfilled the inclusion criteria
except that they had pain outcomes other than five-
point categorical pain relief scores. Details of the
trials are given in Tuble 27 (see page 75). Ten trials
were in oral surgery and three in postsurgical pain.
Doses were paracetamol, 600 mg, plus codeine,

60 mg, in seven trials, paracetamol, 650 mg, plus
codeine, 60 mg, in four trials, and paracetamol,
1000 mg, plus codeine, 60 mg, in two trials. Pain
relief was measured over 4-6 hours in 12 reports;
one measured pain relief over 3 hours.

The variation in response rates for paracetamol
alone was from 5% to 89% of patients with at
least 50% maxTOTPAR. The variation in response
rates to all doses of paracetamol plus codeine

was 24-83%.

Only one of the reports had a lower 95% CI of the
relative benefit that did not include 1 (Figure 26,
see page 74). The combined relative benefit (fixed
effects model) for this homogeneous data set was
1.25 (95% CI, 1.09- 1.43). Combining data across
conditions, the NNT for addition of codeine,

60 mg, to all doses of paracetamol in single dose
administration for at least 50% pain relief was

7.7 (95% CI, 5.1-17).

There were no serious adverse events which
necessitated patient withdrawal from any study.

Comment

Paracetamol, 1000 mg, alone had an overall NNT
of 4.6 for at least 50% pain relief compared with
placebo in single dose administration. This means
that one in every five patients with pain of moder-
ate to severe intensity will get at least 50% pain
relief; they would not have done had they been

TABLE 24 Summary risk ratios and NNTs for trials of paracetamol against placebo

Number of trials Paracetamol >50% maxTOTPAR > 50% maxTOTPAR RB NNT
dose (mg) on paracetamol on placebo (95% Cl) (95% Cl)
6 500 194/353 109/296 1.4 (1.1-1.9) 5.6 (3.9-9.5)
17 600/650 243/594 125/573 1.7 (1.3-2.2) 53 (4.1-7.2)
20 1000 620/1376 207/907 2.3 (1.7-2.9) 4.6 (3.9-5.4)
3 1500 133/207 63/141 1.4 (1.2-1.9) 5.0 (3.3-11)
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TABLE 25 Studies of paracetamol plus codeine versus placebo

Study

Bentley &
Head, 1987

Cooper &
Beaver,
1976

Cooper,
etal., 1981

Cooper,
etal., 1988

Cooper &
Kupperman,
1991

Condition
and number
of patients

Third molar
bony impacted
n=128

Mean age:
mid-20s

Impacted
third molar
n=216

Age: 16+ years

Impacted
third molar
n=248
Mean age:
early 20s

Impacted
third molar
n=165

Age range:
|8—57 years

Removal of
one or more

Design, study
duration and
follow-up

RCT, double-blind, single
oral dose, 4 parallel groups.
No information on
anaesthesia except ‘no
sedative or narcotic agents
were used before, during
or after surgery’. Self-
assessed at home at 0, 1,2,
3,4,5 hours; reports
posted to investigator.

RCT, double-blind, 2 single
oral dose studies (second
is paracetamol), 4 parallel
groups. No information on
anaesthesia. Self-assessed at
home at 0, 1,2, 3 hours
(questionnaire posted to
investigator).

RCT, double-blind, single
oral dose, 5 parallel groups.
General or local anaesthetic.
Self-assessed at home at
0,1,2,3,4 hours
(questionnaire).

RCT, double-blind, single oral
dose, 3 parallel groups, single
centre and | surgeon. Local
anaesthetic with sedation
and/or nitrous oxide. 4-hour
washout prior to start. Self-
assessed at home at 0,0.5, I,
2,3,4,5,6 hours (diary).

RCT, double-blind, single oral
dose, 6 parallel groups. Local

impacted teeth anaesthetic (lidocaine +

n=247
Age:'young
adults’

epinephrine) with i.v.
diazepam and methohexital
- on occasion nitrous oxide
was also used. Self-assessed
at home at 0,0.5 hours then
hourly for 6 hours (diaries).

Outcome
measures

Pl (10-point scale)
PR (5-point scale)

Pl (4-point scale)
PR (5-point scale)
Pain half gone? (y/n)
Had the patient
fallen asleep during
the hour? (y/n)

Pl (4-point scale)
PR (5-point scale)
Global rating
(5-point scale)
50% relief of
baseline pain? (y/n)
Time to
remedication

PI (4-point scale)
PR (5-point scale)
Pain half gone! (y/n)
Global rating
(5-point scale)
Time to
remedication

PI (4-point scale)
PR (5-point scale)
Global rating
(5-point scale)
Time to
remedication

Dosing
regimen

Placebo
(n=17)
paracetamol,
1000 mg, +
codeine,

60 mg,(n=41)

Study 2:
Placebo

(n =40);
paracetamol,
600 mg, +
codeine,

60 mg (n =40

Placebo
(n=37);
paracetamol,
650 mg, +
codeine,

60 mg,
(n=42)

Placebo
(n=40);
paracetamol,
600 mg, +
codeine,
60mg (n=3l)

Placebo
(n=44);
paracetamol,
650 mg, +
codeine,

60 mg (n =39)

Analgesic Remedication
outcome results

Combination Rescue analgesic:
significantly superior Tylenol no. 3.

to placebo forall  Patients who
measures of efficacy, remedicated

but not significantly <5 hours: last Pl and

different from PR scores carried on
paracetamol for  for all further
any measure. time points.

Parametric analysis ~ Remedication
concluded para-  consisted of taking
cetamol significantly second envelope and
superior to placebo evaluating it in same
(p<0.01) and non-  way as first; unclear
parametric factorial how data was then
analysis showed handled. 112/160
codeine had effect ~ patients required
for hour | (p < 0.01) remedication.

and peak PI

(p <0.05).NSD

between combi-

nation and its

constituents

Al active treatments Remedication after
significantly superior first hour if needed
to placebo forall  (last score used for
measures. Combi- all further time
nation slightly more points). Remedication
effective than para- <4 hours: placebo
cetamol alone but  20/37; paracetamol

difference not 2137.
significant.
Combination Remedication after

significantly superior first hour (fast or
to placebo for every baseline score used
measure and to for all further time
paracetamol for points).

TOTPAR (p < 0.05).

Combination t> | hour before
significantly superior remedication; data
to placebo for most included and baseline
measuresand to  or last score (most
paracetamol for ~ severe) used for all
TOTPAR and global ~ further time points.
rating.

Withdrawals
and exclusions

120 analysed.
Exclusions: 3 did
not take medication;
| took only a
portion; | took no
medication until

day after surgery;

| remedicated after
30 minutes; |
vomited within

30 minutes of taking
medication; |
patient did not
return forms.

160 analysed.
Exclusions: 30
patients did not
return forms, 2
filled in the forms
incorrectly, 4 took
concomitant medi-
cation, 6 required
no medication and
4 were randomly
deleted to even out
number of patients
on each treatment.

200 analysed.
Exclusions: 17 did
not ingest medi-
cation, 3| ingested
medication but
violated protocol

(remedication before
hour | observations;

constant deviation
of more than
|5 minutes from

evaluation times, not

returning question-
naire and lost to
follow-up).

143 analysed.
Exclusions: | 1 lost
to follow-up, 8 did
not require

medication and 3 for

‘various protocol
violations’.

226 analysed.
Exclusions; 13 did
not require medi-
cation, 3 lost to
follow-up, 2
remedication. with
slight pain before

hour 2 observations,

2 remedications.
Before first hour
observations, | fell
asleep for over

2 hours.

Adverse effects

53 had | or more;
86 reported in total,
majority being
dizziness, drowsiness,
nausea and vomiting.
No significant
difference between
treatment groups.
Numbers reporting
adverse effects
(number of effects):
placebo 9/19 (16);
paracetamol +
codeine |5/42 (24).

None serious
reported. Most
common were
drowsiness, nausea
and headache.
Numbers reporting
adverse effects
(number of effects):
placebo 5/40 (5);
paracetamol +
codeine [ 1/40 (11).

None serious
reported. Numbers
reporting adverse
effects (number of
effects): placebo

4137 (5); paracetamol
+ codeine 10/42 (10).

None serious
reported. Number
of effects reported:
placebo 3;
paracetamol +
codeine 4.

All mild. Numbers
reporting adverse
effects (number

of effects): placebo
7144 (9); paracetamol
+ codeine 8/39 (I1).

Quality
score

3

5

4

4

continued
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TABLE 25 contd Studies of paracetamol plus codeine versus placebo

Study Condition  Design, study Outcome Dosing Analgesic Remedication Withdrawals Adverse effects  Quality
and number duration and measures regimen outcome results and exclusions score
of patients  follow-up

Desjardins, Oral surgery ~RCT, double-blind, single oral Pl (4-point scale) Placebo Combination only  If t 2 | hour before 123 analysed. None serious 4
etal, 1986 n=137 dose, 3 parallel groups, local PR (5-point scale) ~ (n =4l); significantly superior remedication,data  Exclusions:[4 did  reported. Numbers
Age: |8+ years anaesthetic. 4-hour washout  50% PR (y/n) paracetamol,  to placebo for global included and last not medicate, lost  reporting adverse
prior to start. Self-assessed at Global rating 300 mg,+ rating and total score for Pland PR to follow-up, or effects (number
home at 0,0.5 hours,then  (5-point scale) codeine, anxiety (p < 0.05).  used for all further  provided uninter-  of effects): placebo
hourly for 6 hours. Anxiety (4-point 30 mg (n=139) time points. pretable results. 4/4] (4);
scale) paracetamol +
Relaxation (4-point codeine 2/39 (3).
scale)
Dionne,  Impacted RCT, double-blind, single oral Pl (4-point scale) Placebo Neither paracetamol t > 2 hours before 124 analysed. Al mild. Numbers 3
etal, 1994 third molar  dose, 5 parallel groups. PR (5-point scale) ~ (n = 25); nor combination  remedication;data  Exclusions;4 reporting adverse
n=135 General and local anaesthetic. Global rating paracetamol,  significantly different included and baseline previously enrolled  effects (number
Age: 16+ years 4-hour washout prior to start. (5-point scale) 650 mg, + from placebo for any used for all further in the study, 3 of effects): placebo
Self-assessed at clinic for at ~ Time to remedication codeine, measure of analgesia. time points. remedicated before  5/25 (5); paracetamol
least the first 2 hours, then 60 mg (n=24) t=2hours,2 lost to + codeine 9/24 (10).
at home hourly for 6 hours. follow up, | ineligible
because of codeine
sensitivity.
Forbes, Impacted Double-blind, single oral dose, Pl (4-point scale) Placebo Combination signifi- Excluded if remedi- 159 analysed. No active treatment 3
etal, 1982  third molar 5 parallel groups. No PR (5-point scale) ~ (n = 30); cantly superior to  cated at <2 hours.  Exclusions: 4 lost to  produced more than
(I'ormore)  information on anaesthesia. ~ 50% PR (y/n) paracetamol,  placebo for all If > 2 hours but follow-up, 3 did not  placebo. None were
n=177 Self-assessed at home at 0, Global rating 600 mg, + measures. <12hours,PR=0  take medication,7  serious.
Age: |5+ years | hours, then hourly for (5-point scale) codeine, and Pl baseline or  took remedication
12 hours. Time to remedication 60 mg (n =31) last. Patients remedi- < 2 hours, | took

catedat > 2 hours but medication with mild
< 12 hours: placebo  pain and 3 did not
93%; paracetamol  complete the forms

85%. properly.
Forbes, Postoperative RCT, double-blind, single PI (4-point scale) Placebo For 6-hour data, ~ Patients remedicated |32 analysed.There  None serious 5
etal, 1983  (general, oral dose, 5 parallel groups. PR (5-point scale) ~ (n = 26); combination signifi- - on demand at were no exclusions.  reported. Most
gynaecological General anaesthetic, given on  Pain half gone? (y/n) ~ paracetamol,  cantly superior to <2 hours excluded. common were
or orthopaedic request first day able to take  Global rating 600 mg, + placebo for all If remedication drowsiness, dizziness
surgery) oral analgesia. Self-assessed  (5-point scale) placebo, measures; for < 12 hours,PR =0, and dry mouth.
n=132 in hospital at 0,05, 1, 1.5, Time to remedication 60 mg (n=26) 12-hour data,all Pl = baseline or last Numbers reporting
Age: 18+ years 2 hours, then hourly for except SPID. score for remaining adverse effects
12 hours. Single nurse time points. (number of effects):
observer present for first placebo 4/26 (5);
6 hours, next 6 hours moni- paracetamol +
tored by ward staff. codeine |1/26 (16).
Forbes, Impacted RCT, double-blind, single oral Pl (4-point scale) Placebo Combination signifi- If remedicated at 122 analysed. None serious 5
etal, 1986 third molar  dose, 3 parallel groups,local PR (5-point scale) ~ (n = 38); cantly superior to <2 hours, excluded.  Exclusions:| did not reported. Numbers
(I'ormore)  anaesthetic. Self-assessed at ~ 50% PR (y/n) paracetamol, placebo for all If > 2 hours but return the form, reporting adverse
n= 146 home at 0, | hours, then Global rating 300 mg, + measures of efficacy. <6 hours,PR=0 6 did not need effects (number
Age: |5+ years hourly for 6 hours (diary);  (5-point scale) placebo, and Pl baseline or  analgesia and |7 of effects): placebo
returned 5 days later for Anxiety (4-point 30mg(n=43) last (which ever had invalid data. 9146 (11);
review and debriefing. scale) was greater). paracetamol +
Relaxation (4-point codeine 6/46 (8).
scale)
Forbes, Impacted RCT, double-blind, single oral Pl (4-point scale) Placebo At 4 hours: combi-  Patients could 88 analysed. None serious 5
etal, 1989 third molar  dose,4 parallel groups at PR (5-point scale) ~ (n=23); nation significantly  remedicate after Exclusions: 9 did not  reported. Numbers
(I'ormore) 2 centres. General and local ~ Global rating paracetamol,  superior to placebo 2 hours but were  take medication,2  reporting adverse
n=107 anaesthetic (unclear). Self-  (5-point scale) 600 mg, + paracetamol for  asked to complete  remedicated before effects (number
Age: |5+ years assessed at home at 0, [, Time to remedication codeine, TOTPAR (p < 0.05). next evaluation the 2-hour point, | of effects): placebo
2 hours, then hourly for 60mg (n=17) before doing so (Pl remedicated with ~ 2/26 (2); paracetamol
12 hours or until remedi- last or baseline score, slight pain, 4 did not + codeine 1/17 (I).
cation (diary); returned 5 days PR =0 for all further complete their NB: includes those
later for review and debriefing. time points). Patients ~ evaluation, | took  reported post-
remedicating by hour only part of the remedication.
12: paracetamol 95%; medication and 2
placebo 91%. remedicated despite
getting some relief
from study
medication.

continued
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TABLE 25 contd Studies of paracetamol plus codeine versus placebo

Study

Forbes,
etal,
1990a

Forbes,
etal, 1990b

Forbes,
etal, 1994

Heidrich,
et al., 1985

Honig &
Murray,
1984

Petti, 1985

Condition
and number
of patients

Impacted
third molar

(I or more)
n=162

Age: 15+ years

Impacted
third molar

(I or more)
n=269

Age: |5+ years

Impacted
third molar

(I or more)
n=324

Age: |5+ years

Orthopaedic
surgery
n=120

Age range:
18-65 years

Postoperative
(elective
surgery:
abdominal,
orthopaedic,
rectal, thoracic,
vascular)
n=116

Age range:
19-87 years

Orthopaedic
or general
surgery

n= 141

Age range:
18-80 years

Design, study Outcome
duration and measures
follow-up

RCT, double-blind, single oral

dose, 4 parallel groups, local PR (5-point scale)
anaesthetic. Self-assessed at  Pain half gone! (y/n)
home at 0, | hours, then Global rating

hourly for 6 hours (diary);
returned 5 days later for
review and debriefing.

RCT, double-blind, single then

multiple oral dose, 6 parallel PR (5-point scale)
groups. General/local anaes-  Pain half gone! (y/n)
thetic (unclear). Self-assessed  Global rating

athome at 0, | hours, then
hourly for 6 hours; returned
5 days later for review and
debriefing.

RCT, double-blind, single oral

dose, 3 parallel groups, local PR (5-point scale)
anaesthetic. Patients self- Pain half gone! (y/n)
assessed at home at 0,0.5,  Global rating

| hours, then hourly for

6 hours (diary); returned
5 days later for review and
debriefing.

RCT, double-blind, single oral
dose, 3 parallel groups. No

information on anaesthesia, ~ Global rating

3-hour washout prior to start. (5-point scale)
VAS Pland PR
McGill questionnaire
Mood questionnaire

Interviewed in hospital by
nurse observer at 0,0.5,
| hours, then hourly for

6 hours. andVAS

RCT, double-blind, single oral Pl (4-point scale)
PR (5-point scale)

dose, 4 parallel groups. No
information on anaesthesia, ~ 50% PR (y/n)
4-hour washout prior to start. Global rating
Interviewed in hospital by
nurse observer at 0,0.5,

| hours, then hourly for
6 hours.

RCT, double-blind, single oral Pl (4-point scale)
PR (5-point scale)

dose, 4 parallel groups. No

information on anaesthesia, ~ Global rating

4-hour washout prior to start. (5-point scale)
Severity of adverse
effects (5-point scale) (n=31)

Interviewed in hospital by
observer at 0,0.5, | hours,
then hourly for 6 hours. NB:
all patients had a baseline

Pl of 2 (moderate).

Pl (4-point scale)

(5-point scale)
Time to remedication

Pl (4-point scale)

(5-point scale)
Time to remedication

PI (4-point scale)

(5-point scale)
Time to remedication

PI (4-point scale)
PR (5-point scale)

(5-point scale)

Dosing
regimen

Placebo
(n=32);
paracetamol,
600 mg, +
codeine,

60 mg (n=27)

Placebo
(n=34);
paracetamol,
600 mg, +
codeine,

60 mg (n = 38)

Placebo
(n=45);
paracetamol,
300 mg, +
placebo,

30 mg (n=93)

Placebo
(n=40);
paracetamol,
300 mg, +
placebo,

30 mg, (n = 40)

Placebo
(n=130);
paracetamol,
600 mg, +
codeine,

60 mg (n = 30)

Placebo
(n=32);
paracetamol,
300 mg, +
placebo, 30 mg

Analgesic
outcome results

Combination signifi-
cantly superior to
placebo for all
measures of efficacy.

All active medi-
cations significantly
superior for all
measures of total
and peak analgesia.

Combination signifi-
cantly superior to
placebo for all
measures of mean
and peak analgesia.

Orthogonal analyses
of variance showed
combination gave
greater relief from
pain than placebo.

Combination signifi-
cantly superior to
placebo for most
measures of efficacy.

Does not say
anything directly
about combination.

Remedication

If remedication

<2 hours, excluded.
If > 2 hours but

< 6 hours,PR =0
and Pl baseline or
last which ever

was greater.
Number remedicating
before t = 6 hours:
placebo 27; combi-
nation 23.

Remedication allowed
after 2 hours but
asked to complete
next evaluation (Pl
last or baseline score,
PR =0, used for all
remaining time
points). Patients
remedicating, by

hour 6: placebo 33%;
paracetamol 29%.

If remedication at
<2 hours, excluded.
If >?2 hours but

< 6 hours,PR =0
and Pl baseline or
last, whichever

was greater.

No information
on remedication.

If remedicated, last
score used for all
further time points.
Number who did not

remedicate in 6 hours:

placebo 14/30;
paracetamol 16/28.

Remedication
allowed after 2 hours.
If remedicated, scores
of PR=0andPl=2
allocated and patient

excluded from further

evaluations.

Withdrawals
and exclusions

Adverse effects

128 analysed. None serious
Exclusions:| failed to reported. Numbers
return form, [9 did  reporting adverse
not require analgesia effects (number of
and 14 had invalid effects): placebo
data.
+ codeine 9/31 (12).

None serious
reported. Numbers
to follow-up, | lost  reporting adverse
report card, 22 did  effects (number of
not need medication. effects): placebo

8 remedicated 0/38; paracetamol
despite having relief  + codeine 8/40 (9).
from study mediation,

6 remedicated with

only slight pain, I3

remedicated at

<2 hours, 7 failed to

follow instructions,

3 did not complete

forms.

206 analysed.
Exclusions; 3 lost

232 analysed. None serious
Exclusions:| lost to  reported. Numbers
follow-up, 32 did not  reporting adverse
require analgesia and effects (number of
51 had invalid data. ~effects): placebo
10/65 (12);
paracetamol +
codeine [8/107 (21).

No differences
between treatments
in terms of side-
effects. No patient
withdrew because
of adverse events.

No information on
withdrawals or
exclusions.

No details given. ~ None severe except
| (severe dry
mouth). Primarily
central nervous
system and
gastrointestinal
effects in all groups.

129 analysed. None serious
Exclusions: 12 reported. Only |
excluded for reported (dry
protocol violations.  mouth) in

paracetamol +
codeine group.

5/34 (6); paracetamol

Quality
score

5

5

5

2

3

2

continued
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TABLE 25 contd Studies of paracetamol plus codeine versus placebo

Study Condition  Design, study Outcome Dosing
and number duration and measures regimen
of patients  follow-up

Sunshine,  Impacted RCT, double-blind, single oral Pl (4-point scale) Placebo
etal, 1986 third molar  dose, 6 parallel groups.Local PR (5-point scale)  (n = 30);

n=182 anaesthetic (lidocaine/ Global rating paracetamol,

Age: 16+ years epinephrine); 4-hour washout (4-point scale) 650 mg, +
prior to start. Evaluations at ~ Overall codeine,
0,0.5,1,2,and 3 hours in improvement 60 mg (n=3I)

clinic by single observer. Self- (7-point scale)
assessed at 4,5 and 6 hours.  Time to remedication
Met with observer | week

later and reviewed forms.

Turek & Elective
Baird, 988 surgery

RCT, double-blind, single oral Pl (4-point scale) Placebo
dose, 4 parallel groups.No PR (5-point scale)  (n =4l);

- Ifat < | hour

Withdrawals
and exclusions

Remedication

182 analysed.
excluded. If > | hour, No exclusions.
last Pl or baseline

and PR = 0 used

(Full dichotomous

Adverse effects  Quality
score

None serious 5
reported; NSD
between groups.
Numbers reporting
adverse effects:

n=16l information on anaesthesia, ~ Global rating paracetamol,
Age: |8+ years 3 hour washout prior to start. (5-point scale) 650 mg, +
Interviewed in hospital by~ Subjective assessment codeine,
nurse observer at 0,0.5, of improvement 60 mg (n=39)
| hours then hourly for (7-point scale)
6 hours.
At least 50% PR with paracetamol
plus codeine
757
50
25+
0-
T T T T 1
0 25 50 75 100
At least 50% PR with placebo

FIGURE 25 Single dose studies of paracetamol plus codeine
against placebo (O, 300 mg + 60 mg; o, 600/650 mg + 60 mg;
O, 1000 mg + 60 mg)

given placebo. The equivalent NNT at 600/650 mg
was 5.3, indicating lower efficacy, although the dose
response was not significant.

Paracetamol, 600/650 mg, plus codeine, 60 mg,
compared with placebo in single dose adminis-
tration had an NNT of 3.1 for at least 50% pain
relief, meaning that one in every three patients
with pain of moderate to severe intensity will get
at least 50% pain relief; they would not have done
so had they been given placebo (7able 26). There

data:Table Ill. placebo 1/30;
Number remedicated: paracetamol +
placebo 13/30; codeine 3/31.
paracetamol [4/30.

Combination signifi- If remedicated at 160 analysed. None serious 3

cantly superior to < | hours, excluded. Exclusions:| from  reported. Numbers
placebo for most  If > | hours but
measures of efficacy. <6 hours,PR=0  concomitant

placebo for taking  reporting adverse
effects (number of
effects): placebo

4/4] (6); paracetamol
+ codeine |1/39 (20).

and Pl = baseline medication.
allocated for all
further time points.

was no overlap between the 95% CI of the NNT
for paracetamol, 600/650 mg, plus codeine,

60 mg, in 13 trials (95% CI, 2.6-3.9) and that

of paracetamol, 600/650 mg, alone in 17 trials
(95% CI, 4.1-7.2). This indicates that addition

of codeine, 60 mg, provides a substantial increase
in analgesia in single dose administration. This is
demonstrated clearly in Figure 27 (see page 77),
where wide CIs accompany point estimates of the
NNT in trials with small numbers of patients.
Despite this, paracetamol combined with codeine,
60 mg, is clearly a powerful analgesic.

The extra analgesic effect of adding codeine,

60 mg, to paracetamol can be estimated in two
ways. Since both paracetamol alone and para-
cetamol plus codeine were compared with placebo,
then any increased response rate (proportion of
patients with at least 50% pain relief) may be
ascribed to the addition of codeine. For para-
cetamol, 600/650 mg, alone against placebo, the
difference between active (42%) and control
(23%) response rates was 19%. For paracetamol,
600/650 mg, plus codeine, 60 mg, the difference
between active (51%) and control (21%) response
rates was 33%. Thus the extra 11% response was
due to the addition of codeine, 60 mg.

There were also direct comparisons of paracetamol
(all doses) plus codeine, 60 mg, with the same dose
of paracetamol alone. Here again, any increased
response rate can be ascribed to the addition of
codeine. For paracetamol plus codeine, 60 mg,
versus the same dose of paracetamol the difference
between active (55%) and control (41%) response
rates was 14%. This agreement between direct

and indirect measures helps to justify the
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TABLE 26 Summary risk ratios and NNTs for trials of paracetamol and codeine against placebo and paracetamol alone

Number Drug dose >50% >50% >50% RB NNT
of trials (mg) maxTOTPAR maxTOTPAR maxTOTPAR (95% Cl) (95% ClI)
paracetamol on paracetamol on placebo on paracetamol
+codeine + codeine alone

Paracetamol + codeine versus placebo

5 300 + 30 69/246 17/196 3.0 5.3
(1.8-5.0) (3.8-8.0)

13 600/650 + 60 200/398 80/418 2.6 3.1
(1.7-4.0) (2.6-3.9)

2 1000 + 60 48/77 5/50 6.2 1.9
(0.8-47) (1.5-2.6)

Paracetamol + codeine versus same dose of paracetamol alone

10 600/650 + 60 165/309 129/313 1.3 83
(1.0-1.6) (5.0-23)

2 1000 + 60 57/86 44/86 1.3 6.7
(1.1-1.5)  (3.4-174)

12 All doses + 60 222/395 173/399 1.2 77
(1.1-1.5) (5.1-17)

meta-analytical methods. The extra 14% response
for codeine, 60 mg, corresponds to an NNT for at
least 50% pain relief in single dose administration
of 7.7 (95% ClI, 5.1-17) (1able 26). This means that
for every eight patients given paracetamol, 600/650
mg, plus codeine, 60 mg, one extra will achieve

at least 50% pain relief who would not have

done had they received paracetamol, 600/

650 mg, alone.

The variation in placebo and active response rates
was large, but this degree of variation is common
in pain studies,' as well as in studies with more
objective outcomes like postoperative vomiting,'?
and in the response of infants to pulmonary
surfactant.” The variability in both the placebo
and active response rates (see Figures 24 and 25)
underpins the use of standard methods in pain
research, where sensitivity of the model is demons-
trated by separation of standard analgesic from
placebo. This variability also emphasises both the
need to include placebo groups in analgesic trials,
and the need to understand better those factors
that contribute to the variability in placebo
responses in pain.

The power of the systematic review method is
demonstrated here in several ways. The analgesic
effect of paracetamol at two doses has been deter-
mined with confidence from all the available pub-
lished data. The rather slight effects of codeine
added to paracetamol (which are difficult to
measure in single trials with limited numbers

of patients) has been confirmed in direct and
indirect comparison.

Cooper et al, 1981 I—6—|
Forbes et al,, 1982 r—e—|
Forbes et al, 1983 He—
Honig & Murray, 1984 — I—-9—|
Gertzbein et al, 1986 e
Sunshine et al., 1986 — I—G—|
Bentley & |
Head, 1987 e
Cooper et al,, 1988 |—e—|
Forbes et al, 1989 e
Forbes et al.,, 1990 — |—-e—|
Cooper & |
Kupperman, 1991 '_e_|
Dionne et al., 1994 - le-l
Combined data ee|
i |
0.1 | 10 100
RB

FIGURE 26 Relative benefit for individual trials of codeine,
60 mg, added to paracetamol, compared with the same dose
of paracetamol alone
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TABLE 27 Studies of paracetamol plus codeine versus paracetamol

Study

Bentley &
Head, 1987

Cooper &
Beaver,
1976

Cooper,
etal, 1981

Cooper,
etal, 1988

Cooper &
Kupperman,
1991

Condition

Design, study

and number duration and

of patients

Third molar

follow-up

RCT, double-blind, single

bony impacted oral dose, 4 parallel groups.

n=128
Mean age:
mid-20s

Impacted
third molar
n=216
Age:

16+ years

Impacted
third molar
n=248
Mean age:
early 20s

Impacted
third molar
n=165
Age range:
18-57 years

Removal of
one or more
impacted
teeth
n=247
Age:'young
adults’

No information on anaes-
thesiaexcept no sedative or
narcotic agents were used
before, during or after
surgery’. Self-assessed at
home at 0, 1,2,3,4,5 hours
then reports posted to
investigator.

RCT, double-blind, 2 single
oral dose studies (study 2
is paracetamol), 4 parallel
groups. No information on
anaesthesia. Self-assessed
athome at 0, [,2,3 hours
(questionnaire) then
posted to investigator.

RCT, double-blind, single
oral dose, 5 parallel groups.
General/local anaesthesia.
Self-assessed at home at
0,1,2,3,4 hours
(questionnaire).

RCT, double-blind, single
oral dose, 3 parallel groups,
single centre and | surgeon.
Local anaesthetic with
sedative and/or nitrous
oxide. 4-hour washout
prior to start. Self-assessed
athomeat0,05,1,2,3,4,
5,6 hours (diary).

RCT, double-blind, single
oral dose, 6 parallel groups.
Local anaesthetic (lidocaine
+ epinephrine) with iv.
diazepam and methohexital
(nitrous oxide also used on
occasion). Self-assessed at
home at 0,0.5 hours then
hourly for 6 hours (diary).

Outcome
measures

Pl (10-point scale)
PR (5-point scale)

Pl (4-point scale)
PR (5-point scale)
Pain half gone? (y/n)
Had patient fallen
asleep during the
hour? (y/n)

Pl (4-point scale)

PR (5-point scale)
Global rating
(5-point scale)

50% relief of baseline
pain? (y/n)

Time to remedication

Pl (4-point scale)

PR (5-point scale)
Pain half gone! (y/n)
Global rating
(5-point scale)

Time to remedication

Pl (4-point scale)

PR (5-point scale)
Global rating
(5-point scale)

Time to remedication

Dosing Analgesic
regimen outcome results
Paracetamol,  Both paracetamol
1000 mg,+  and combination

codeine, 60 mg significantly superior

(n=4l), to placebo for all
paracetamol,  measures of efficacy;
1000 mg combination not
(n=4l). significantly different
from paracetamol
for any measure.
Study 2: Parametric analysis
paracetamol,  concluded para-
600 mg, + cetamol significantly

codeine, 60 mg, superior to placebo

(n=40); (p <0.01);non-

paracetamol,  parametric factorial

600 mg analysis showed

(n = 40). codeine had effects
for first hour
(p <0.01) and peak
PID (p < 0.05).No
significant difference
found between
combination and its
constituents.

Paracetamol,  All active treatments

650 mg, + significantly superior

codeine, 60 mg to placebo for all

(n=42); measures. Combi-
paracetamol,  nation was slightly
650 mg more effective than
(n=37). paracetamol alone
but difference was
not significant.
Paracetamol, ~ Combination signifi-
600 mg, + cantly superior to

codeine, 60 mg placebo for every

(n=31); measure and to
paracetamol,  paracetamol for
600 mg TOTPAR. Para-
(n=36). cetamol appeared
clinically more effec-
tive than placebo
but not significant.
(p < 0.05).
Paracetamol,  Paracetamol was
650 mg, + only active drug not
codeine, 60 mg significantly superior
(n=39); to placebo for any
paracetamol,  measure. Combi-
650 mg nation significantly
(n=37). superior to placebo

for most measures
and to paracetamol
for TOTPAR and
global rating.

Remedication

Rescue analgesic:
Tylenol no. 3. For
patients who
remedicated at
< 5 hours, last Pl
and PR scores
carried on for all
further time
points.

Remedication
consisted of taking
second envelope
and evaluating it in
same way as the
first; unclear how
data were then
handled. 112/160
patients required
remedication.

Remedicated after
first hour if needed
(last score used for
all further time
points).
Remedication

<4 hours: placebo
20/37; paracetamol
2137,

Remedicated after
first hour (last or
baseline score used
for all further time
points).

t> | hour before
remedication; data
included and
baseline or last

score (most severe)

used for all further
time points.

Withdrawals
and exclusions

120 analysed.
Exclusions: 3 did
not take medication,
| took only a
portion, | took no
medication until day
after surgery, |
remedicated after
30 minutes, |
vomited within

30 minutes of taking
medication and |
did not return
forms.

160 analysed.
Exclusions: 30 did
not return forms,
|2 filled forms in
improperly, 4 took
concomitant
medication, 6
required no
medication, 4 were
randomly deleted to
even out numbers
of patients on each
treatment.

200 analysed.
Exclusions: 17 did
not ingest medi-
cation, 31 ingested
medication but
violated protocol
(remedicated before
first hour observ-
ation, constant
deviation of more
than |5 minutes
from evaluation
times, not returning
questionnaire and
lost to follow-up).

143 analysed.
Exclusions: || lost
to follow-up, 8 did
not require
medication, 3 for
‘various protocol
violations’.

226 analysed.
Exclusions; 13 did
not require medi-
cation, 3 lost to
follow-up, 2 remedi-
cated with slight
pain before hour |
observations, 2 re-
medicated before
hour | observations,
| fell asleep for over
2 hours.

Adverse effects

Quality

score

53 had one or 3
more, 86 reported
in total; majority
were dizziness,
drowsiness, nausea
and vomiting. NSD
between treatment
groups.

Numbers reporting
adverse effects
(number of effects):
paracetamol +
codeine |5/42 (24);
paracetamol 21/42

3l).

None serious 5
reported. Most
common were
drowsiness, nausea
and headache.
Numbers reporting
adverse effects
(number of effects):
paracetamol +
codeine [ 1/40 (11);
paracetamol 5/40 (7).

None serious 4
reported. Numbers
reporting adverse
effects (number

of effects):
paracetamol +
codeine 10/42 (10);
paracetamol

12/37 (15).

None serious 4
reported. Numbers
reporting adverse
effects: paracetamol

+ codeine 4;
paracetamol 8.

All reported mild. 3
Numbers reporting
adverse effects
(number of effects):
paracetamol +
codeine 8/39 (I1);
paracetamol 6/37 (7).

continued
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TABLE 27 contd

Study

Dionne,
etal, 1994

Forbes,
etal,
1982

Forbes,
etal.,
1983

Forbes,
etal,
1989

Forbes,
etal,
1990

Gertzbein,
etal,
1986

Condition  Design, study

and number  duration and

of patients  follow-up

Impacted RCT, double-blind, single
third molar  oral dose, 5 parallel groups.
n=135 Generalflocal anaesthesia.

Age: 16+ years  4-hour washout prior to
start. Self-assessed at clinic
for at least first 2 hours
then at home hourly for

6 hours.

Impacted Double-blind, single oral
third molar  dose, 5 parallel groups. No
(I ormore)  information on anaesthesia.
n=177 Self-assessed at home at
Age: 0, | hours then hourly for
15+ years 12 hours.

Postoperative  RCT, double-blind, single
(general, oral dose, 5 parallel groups.
gynaecological  General anaesthetic, given
or orthopaedic on request on first day able
surgery) to take oral analgesia. Self-
n=132 assessed in hospital at 0,

0.5, 1, 1.5,2 hours then
hourly for 12 hours. Single
nurse observer present for
first 6 hours, next 6 hours
monitored by ward staff.

Age: |8+ years

Impacted RCT, double-blind, single

third molar  oral dose, 4 parallel groups
(I ormore)  at 2 centres. General/local
n=107 anaesthesia (unclear). Self-

assessed at home at 0, I,
2 hours, then hourly for
12 hours or until remedi-
cation (diary). Diary
returned 5 days later for
review and debriefing.

Age: |5+ years

Impacted RCT, double-blind, single
third molar  then multiple oral dose,
(I'ormore) 6 parallel groups. General/
n =269 local anaesthesia (unclear).

Self-assessed at home at 0,
| hours then hourly for

6 hours. Returned 5 days
later for review and
debriefing.

Age: 15+ years

Postoperative ~ RCT, single oral dose, 3
(elective surgery parallel groups. No
—orthopaedic  information on anaesthesia,

or general)  First oral analgesic given.
n=116 Interviewed in hospital by
Age range: nurse-observer at 0,0.5,
16-65 years | hours, then hourly for

5 hours.

Outcome
measures

Pl (4-point scale)

PR (5-point scale)
Global rating
(5-point scale)

Time to remedication

Pl (4-point scale)

PR (5-point scale)
50% PR? (y/n)

Global rating
(5-point scale)

Time to remedication

Pl (4-point scale)

PR (5-point scale)
Pain half gone! (y/n)
Global rating
(5-point scale)

Time to remedication

Pl (4-point scale)

PR (5-point scale)
Global rating
(5-point scale)

Time to remedication

Pl (4-point scale)

PR (5-point scale)
Pain half gone? (y/n)
Global rating
(5-point scale)

Time to remedication

Pl (5-point scale)
PR (5-point scale)
50% PR? (y/n)
Global rating

Dosing
regimen

Paracetamol,
650 mg, +
codeine, 60 mg
(n=24);
paracetamol,
650 mg
(n=27).

Paracetamol,
600 mg, +
codeine, 60 mg
(=3l
paracetamol,
600 mg
(n=34).

Paracetamol,
600 mg, +
placebo, 60 mg,
(n=26);
paracetamol,
600 mg
(n=26).

Paracetamol,
600 mg, +
codeine, 60 mg
(n=17y
paracetamol,
600 mg
(n=22).

Paracetamol,
600 mg, +
codeine, 60 mg
(n=38
paracetamol,
600 mg
(n=36).

Paracetamol,
1000 mg, +
codeine, 60 mg
(n=45);

(4-point scale): patient paracetamol,

and observer VAS PI
(‘No pain’ to ‘Worst
pain | can imagine’)

1000 mg
(n=45).

Studies of paracetamol plus codeine versus paracetamol

Analgesic
outcome results

Remedication

Neither paracetamol t 2 2 hours before

nor combination
were significantly
different from
placebo for any

measure of analgesia.

At 4 hours para-
cetamol significantly
superior to placebo
for PR, peak PR and
50% PR (p < 0.01).
Combination signifi-
cantly superior to
placebo for all
measures.

For 6-hour data
both paracetamol
and combination
significantly superior
to placebo for all
measures and for
12-hour data, for all
except SPID.

At 4 hours
paracetamol and
combination signifi-
cantly superior

to placebo.
Combination also
significantly superior
to paracetamol for
TOTPAR (p < 0.05).

Al active medi-
cations significantly
superior for all
measures of total
and peak analgesia.

Combination seen
to give higher
efficacy results than
paracetamol alone
but was not signifi-
cantly superior for
any measure.

remedicating; data
included and
baseline used for all
further time points.

Withdrawals
and exclusions

124 analysed.
Exclusions: 4
previously enrolled
in study, 3 remedi-
cated before

t =2 hours, 2 lost

Adverse effects

All reported mild. 3
Numbers reporting
adverse effects
(number of effects):
paracetamol +
codeine 9/24 (10);

Quality

score

to follow-up, | paracetamol 7/27 (9).
ineligible because of
codeine sensitivity.
If remedicated 159 analysed. None of active 3
<2 hours, excluded. Exclusions:4lost  treatments

If >2 < 12 hours,
PR=0and PI
baseline or last.

% patients remedi-
catedat>2< 12
hours: placebo 93%;
paracetamol 85%.

to follow-up,3 did  produced more
not take medication, than placebo. None
7 took remedication were serious.

at <2 hours, |

medicated with mild

pain, 3 did complet-

ed forms improperly.

None serious 5
reported. Most
common were
drowsiness, dizziness
and dry mouth.
Numbers reporting
adverse effects
(number of effects):

Patients remedi-
cated on demand
but if at < 2 hours,
excluded. If remedi-
cated < 12 hours,
PR =0,and Pl =
baseline or last
score for remaining

132 analysed;
no exclusions.

time points. paracetamol +
codeine [1/26 (16);
paracetamol 11/26 (11).
Remedication 88 analysed. None serious 5
allowed after Exclusions:9 did  reported. Numbers

not take medication,
2 remedicated

2 hours but asked
to complete next
evaluation before
doing so (Pl last or
baseline score, PR
=0 for all further

reporting adverse
effects (number of
before 2 hours, | effects): paracetamol
remedicated with  + codeine I/17 (1);
slight pain, 4 did not paracetamol 3/26 (3).
complete evaluation, NB:includes those

time points). | took only part of ~ reported post-
% remedicating medication, 2 remedication.
by hour 12: remedicated despite

paracetamol 95%;
placebo 91%.

of having some relief
from study medication.

None serious 5
reported. Numbers
reporting adverse
effects (number

Remedication
allowed after
2 hours but asked
to complete next

206 analysed.
Exclusions; 3 lost
to follow-up, | lost
report card, 22 did

evaluation (Pl last  not require medi-  of effects):
or baseline score, ~ cation,8 remedi-  paracetamol +
PR=0forallre-  cated despite having codeine 8/40 (9);

maining time points). relief from study
% remedicated by ~ medication, 6 re-
hour 6: placebo 33%; medicated with only
paracetamol 29%.  slight pain, I3 remedi-
cated at <2 hours,
7 failed to follow
instructions, 3 did
not complete forms.

paracetamol 5/41 (5).

Remedication
allowed after | hour

13 analysed. None serious 4
Exclusions: | refused reported. Numbers

(PI = last score and  to comply with reporting adverse
PR=0forallre- instructions, | effects (number of
maining time points). vomited within effects): paracetamol
Mean timetore- | hour of taking ~ + codeine 13/47 (13);
medication: combi-  study medication,  paracetamol 13/46 (15).
nation 230 minutes; | took concomitant

paracetamol analgesia.

214 minutes.

continued
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TABLE 27 contd

Study  Condition  Design, study Outcome
and number  duration and measures
of patients  follow-up
Honig&  Postoperative  RCTsingle oral dose,4 Pl (4-point scale)
Murray,  (elective surgery parallel groups. No PR (5-point scale)
1984 —abdominal,  information on anaesthesia, 50% PR! (y/n)
orthopaedic, ~ 4-hour washout prior to  Global rating
rectal, thoracic - start. Interviewed in (5-point scale)
and vascular)  hospital by nurse observer
n=116 at 0,0.5, | hours then
Age range: hourly for 6 hours.
19-87 years
Sunshine,  Impacted RCT, double-blind, single Pl (4-point scale)
etal, third molar  oral dose, 6 parallel groups. PR (5-point scale)
1986 n=182 Local anaesthetic (lidocaine/ Global rating

Age: |6+ years  epinephrine). 4-hour
washout prior to start.
Evaluations at 0,0.5, 1,2
and 3 hours in clinic by
single observer. At 4,5
and 6 hours self-assessed.

| week later met with

(4-point scale)

(7-point scale)

Overall improvement

Dosing
regimen

Paracetamol,
600 mg, +

Studies of paracetamol plus codeine versus paracetamol

Analgesic
outcome results

For TOTPAR and
global rating both

codeine, 60 mg paracetamol and

(n=30);
paracetamol,
600 mg
(n=28).

Paracetamol,
650 mg, +

combination signifi-
cantly superior to
placebo (p < 0.05).
Combination also

Withdrawals
and exclusions

Remedication

If remedicated, last
score used for all
further time points.
Number not
remedicated at

6 hours: placebo
14/30; paracetamol

No details given.

significantly superior 16/28.
for SPID and number

of patients remedi-

cating before 6 hours.

Both paracetamol
and combination

Excluded if at
< | hour. lfat

182 analysed;
no exclusions.

codeine, 60 mg significantly superior > | hour, last Pl or

(n=3l)
paracetamol,
650 mg

Time to remedication (n = 30).

(b <0.05) to
placebo for:PID at
1-3 hours, SPID at
4 hours, PR at

2 hours and time to
peak effect. Combi-
nation also signifi-

baseline and PR = 0
used. Full
dichotomous data
given in Table IIl.
Number remedi-
cating: placebo
13/30; paracetamol

Adverse effects

Quality

score

None severe except 3
| severe dry mouth.
Reported in all
groups; primarily
central nervous
system and gastro-
intestinal effects.

None serious 5
reported; NSD
between groups.
Numbers reporting
adverse effects:
paracetamol +
codeine 3/31;
paracetamol 1/30.

observer and reviewed cantly superior 14/30.
forms. for TOTPAR.
Paracetamol, 500 mg - } | 353
Paracetamol, 600/650 mg -| e 594
Paracetamol, 1000 mg | —t— 1376
Paracetamol, 500 mg | 207
Paracetamol, 600/650 mg, + codeine, 60 mg — — 398
Paracetamol, 1000 mg, + codeine, 60 mg -| —— 77
T T T T T T T T
| 2 3 4 5 6 7 8 9 10
NNT (95% Cl)

FIGURE 27 Relative effectiveness of paracetamol doses and paracetamol/codeine combinations
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Chapter 9

Oral ibuprofen and diclofenac in
postoperative pain

Summary

The aim of this review was to compare ibuprofen
and diclofenac in postoperative pain. Studies were
identified by an extensive literature search, with
additional reports being identified from the refer-
ence lists of reports, review articles and textbooks.

The studies of interest were randomised, control-
led, single dose comparisons of ibuprofen or diclo-
fenac against placebo. Summed pain relief or SPID
over 4—6 hours was extracted, and converted into
dichotomous information yielding the numbers of
patients with at least 50% pain relief. This was then
used to calculate the relative benefit and the NNT
for one patient to achieve at least 50% pain relief.

In all, 34 reports compared ibuprofen and placebo
(3591 patients), six compared diclofenac with
placebo (840 patients), and there were two direct
comparisons of diclofenac, 50 mg, and ibuprofen,
400 mg, (130 patients). In postoperative pain,
ibuprofen, 200 mg, had an NNT of 3.3 (95% CI,
2.8-4.0) compared with placebo, ibuprofen,

400 mg, had an NNT of 2.7 (95% CI, 2.5-3.0)
and ibuprofen, 600 mg, had an NNT of 2.4 (95%
CI, 1.9-3.3). Diclofenac, 50 mg, had an NNT of
2.3 (95% CI, 2.0-2.7) compared with placebo in
established postoperative pain; diclofenac,

100 mg, had an NNT of 1.8 (95% CI, 1.5-2.1).

When diclofenac, 50 mg, was compared directly with
ibuprofen, 400 mg, there was no significant differ-
ence between the two treatments. Ibuprofen showed
a clear dose response with relative efficacy similar to
that for diclofenac. Both drugs work well. Choosing
between them is an issue of dose, safety and cost.

This chapter of the review has been published in
full by Collins and colleagues.'

Introduction

Ibuprofen and diclofenac are two of the most
widely used NSAIDs, with ibuprofen commonly
available without prescription. In England in 1996,
ibuprofen accounted for nearly 5.5 million pre-

scriptions (31% of total NSAID prescriptions)
and diclofenac for nearly 6 million prescriptions
(34%), although it is not known how many were
for acute pain conditions.?

With an increasing amount of surgery being
performed as day cases, it is important to know
which drug should be recommended for post-
operative pain relief. The relative efficacy of the
two drugs was compared to allow a balanced
decision to be made, based on efficacy, safety
and cost.

Methods

Single dose, RCTs of ibuprofen and diclofenac in
postoperative pain (post-dental extraction, post-
surgical or postpartum pain) were sought. Different
search strategies were used to identify eligible
reports from MEDLINE (1966-December 1996),
EMBASE (1980-January 1997), the Cochrane
Library (August 1996), Biological Abstracts
(1985-96) and the Oxford Pain Relief Database
(1950-94).> A search was undertaken for each drug
using the terms, ‘clinical trial’, ‘trial’, ‘study’,
‘random*’, ‘double blind’, ‘analgesi*” and ‘pain*’,
together with ‘ibuprofen’, ‘Brufen’, ‘propionic
acid’ and ‘isobutylphenyl propionic acid’ for the
ibuprofen search and, for the diclofenac search,
‘diclofenac’, and 76 brand names.* Each was a
broad free text search, including various combi-
nations of the words, and without restriction to
language. Additional reports were identified from
the reference lists of retrieved reports, review
articles and textbooks.

Included reports

Neither pharmaceutical companies nor authors of
papers were contacted for unpublished reports.
Abstracts and review articles were not considered.
The inclusion criteria used were:

¢ randomised allocation to treatment groups
which included ibuprofen or diclofenac
and placebo

¢ full journal publication

¢ established postoperative pain with the pain

8l
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outcome measured using a five-point pain
relief scale with standard wording (none, slight,
moderate, good, complete) or a four-point pain
intensity scale (none, mild, moderate or severe)
or a VAS for pain relief or pain intensity,
TOTPAR or SPID (at 4, 5 or 6 hours) as a
derived pain relief outcome (or sufficient data
provided to allow their calculation)

® postoperative oral administration for ibuprofen
and postoperative oral, rectal, intravenous or
intramuscular administration for diclofenac

¢ adult patients

® baseline pain of moderate to severe intensity
(for VAS this equates to > 30 mm”®)

¢ double-blind design.

Excluded reports
Reports were excluded of:

® ibuprofen or diclofenac used for the relief of
other pain conditions

¢ controlled release formulations

® ibuprofen or diclofenac used in combination
with other drugs

¢ trials which reported data from a crossover
design as a single data set

¢ trials in which the number of patients per
treatment group was less than ten®

¢ trials which included pain relief data collected
after additional analgesia was given.

Data extraction and analysis

From each report the numbers of patients treated
was taken, together with the mean TOTPAR, SPID,
VAS TOTPAR or VAS SPID, study duration and the
doses given. Information on adverse events was also
extracted. For each report, the mean TOTPAR,
SPID, VAS TOTPAR or VAS SPID values for active
and placebo were converted to % maxTOTPAR or
% maxSPID by division into the calculated maxi-
mum value.” The proportion of patients in each
treatment group who achieved at least 50%
maxTOTPAR was calculated using verified
equations.*® The proportions were then con-
verted into the number of patients achieving at
least 50% maxTOTPAR by multiplying by the

total number of patients in the treatment group.
Information on the number of patients with

at least 50% maxTOTPAR for active drug and
placebo was then used to calculate the relative
benefit and NNT.

Relative benefit estimates were calculated with
95% CIs using a random effects model;!' the
random effects model was chosen because it
produces the most conservative estimate
(homogeneity was assumed when p > 0.1).

NNT and 95% CIs were calculated using Cook
and Sackett’s method.'? A statistically significant
difference from control was assumed when the
95% CI of the relative benefit did not include 1.

The number of patients experiencing at least 50%
pain relief with placebo (the CER) can vary greatly
with the relatively small sample sizes used typically
in analgesic trials affecting the apparent efficacy of
an analgesic.” To allow for this variation, the rela-
tive benefit and NNT for each dose of ibuprofen
and diclofenac were also calculated using a fixed
CER of 19%. This value was obtained from data
for 4378 patients given placebo, pooled from

124 single dose analgesic trials meeting identical
inclusion criteria included in this and similar
systematic reviews (843/4378 patients experienced
at least 50% pain relief).!*""

Results

Ibuprofen versus placebo

There were 34 reports of 35 trials that fulfilled our
inclusion criteria; a total of 2214 patients were
given ibuprofen and 1377 placebo. Details of the
studies are presented in Table 28 with their refer-
ences being listed at the end of this chapter. The
author of one report was contacted for information
on the number of patients in each treatment arm.'®

Oral surgery pain was investigated in 25 trials
(predominantly third molar extraction with bone
removal), in five trials postpartum pain was investi-
gated (predominantly episiotomy and Caesarean
section), and in a further four trials postoperative
pain was studied (one tonsillectomy, one inguinal
hernia, one orthopaedic surgery and one general
surgery). The doses of ibuprofen prescribed were
50 mg in one trial, 100 mg in two, 200 mg in eight,
400 mg in 30, 600 mg in three, and 800 mg

in one.

The CER (the proportion of patients given
placebo experiencing at least 50% pain relief)
ranged from 0% to 67% (median 12%) (Figure 28).
For the single trial of ibuprofen, 50 mg, the EER
(the proportion of patients given ibuprofen experi-
encing at least 50% pain relief) was 28%. For ibu-
profen, 100 mg, two trials gave EER values of 27%
and 8%. For ibuprofen, 200 mg, the EER varied
between 6% and 57% (median 39%), and for ibu-
profen, 400 mg, it varied between 13% and 100%
(median 60%). For the single trial of ibuprofen,
800 mg, the EER was 100%. The 100 mg and

200 mg data sets were homogeneous but the

400 mg and 600 mg data sets were not.
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TABLE 28 Studies of ibuprofen versus placebo

Study

Ahlstrom,
etal, 1993

Arnold,
etadl, 1990

Bakshi,
etal, 1994

Cooper,
etal, 1977

Cooper,
etal, 1982

Cooper,
etal, 1988

Condition
and number
of patients

Third molar
extraction
n=127
Age range:
1840 years

General surgery
(including
gynaecological
and orthopaedic)
n=59

Age range:
22-70 years

Third molar
extraction
n=257

Age: adults up
t0 65 years

Third molar
extraction

Third molar
extraction
n=316
Age range:
16-65 years

Third molar
extraction
n=201
Age:Adult

Design, study
duration and
follow-up

RCT, double-blind, single
oral dose, parallel groups.
4-hour washout before
start, Evaluated at 0, 20,
40 minutes | hour then
hourly intervals for

6 hours. Medication taken
when baseline Pl at least
moderate (> 30 mm).

RCT, double-blind, single
oral dose, parallel groups.
Assessed by single nurse-
observer at 0,0.5, | hour
then hourly intervals for

6 hours. Medication taken
when baseline Pl moderate
to severe.

RCT, double-blind, single
oral dose, parallel groups.
Local anaesthetic. Self-
assessed at 0,20 and

40 minutes, |, 1.5,and

2 hours, then hourly for
6 hours. Medication taken
when baseline Pl was at
least severe.

RCT, double-blind, single
oral dose, parallel groups.
Local anaesthetic. Self-
assessed at home at

0 hours then hourly for

4 hours. Medication taken
when baseline Pl moderate
to severe.

RCT, double-blind, single
oral dose, parallel groups.
Mostly local anaesthetic.
Self-assessed at home at
0 hours then hourly for
4 hours. Medication taken
when baseline Pl was
moderate to severe.

RCT, double-blind, single
oral dose, parallel groups.
Local anaesthetic +
sedative. Self-assessed at
home at 0 hours, then
hourly for 6 hours. Medi-
cation taken when baseline

Pl was moderate to severe.

Outcome Dosing
measures regimen
VAS Pl:‘no Ibuprofen,
pain at all’ to 400 mg
‘agonising pain’  (n = 32);
Global rating placebo
by patient (n=30).
Pl (standard Ibuprofen,
4-point scale) 400 mg

PR (5-point scale), (n = I5);
viz, standard time placebo

to meaningful  (n = 14).
relief

Global rating

(5-point scale)

by patient

VASPI:'no pain’  Ibuprofen,
to ‘pain could 400 mg
not be worse’  (n = 80);
PR (5-point placebo
scale): none, (n=82).

poor, moderate,
sufficient, total
Global rating
(5-point scale) by
patient and by

observer
Pl (standard Ibuprofen,
4-pointscale) 400 mg
PR (standard (n=40);
5-point scale)  ibuprofen,
50% PR? (y/n) 200 mg
Global rating (n=38);
(5-point scale)  placebo
by patient (n = 40).
Pl (standard Ibuprofen,
4-point scale) 400 mg
PR (standard (n=38);
S-point scale)  placebo
50% PRY (yin) ~ (n=46);
Global rating ibuprofen,
(5-point scale) 400 mg, +
by patient codeine,
60 mg
(n=4l);
codeine,
60 mg
(n=4l).
Pl (standard Ibuprofen,
4-pointscale) 400 mg
PR (standard (n=37);
S-point scale)  placebo
50% PRI (yin)  (n=43).
Global rating

(5-point scale)
by patient

Analgesic outcome Remedication

results

Ibuprofen significantly Patients allowed to
superior to placebo by remedicate after
40 minutes (p = 0.01); this | hour. After
continued for 6 hours.  remedication, Pl =
TOTPI & SPID: ibuprofen  last score carried
significantly superior to  forward for all
placebo (p < 0.0001). further time

6 hour SPID:ibuprofen points.

188 mm; placebo 32 mm.

Ibuprofen not significantly ~ After remedication
superior to placebo for - PR =0and Pl =
either SPID or TOTPAR.  baseline score for
6-hour TOTPAR: ibuprofen all further time
4.2; placebo |.5. points.

Ibuprofen significantly Patients allowed to
superior to placebo for  remedicate after
TOTPAR and both global | hour.If they
ratings (p < 0.01).6-hour  remedicated
TOTPAR: ibuprofen 14.9;  earlier, data
placebo 8.85. excluded from
efficacy analysis.
After remedication
PR=0andPI=
last score for all
further time points.

Patients allowed to
remedicate after

Ibuprofen at both doses
significantly superior to
placebo for all measures 2 hours. If they
of efficacy (p < 0.05). remedicated earlier
4-hour TOTPAR: ibuprofen, data excluded from
400 mg, 7.32; ibuprofen, efficacy analysis.
200 mg, 6.27; placebo 3.32. After remedication
PR=0andPl=
baseline score for
all further time
points.

Patients allowed

to remedicate after
| hour. If they
remedicated earlier

All active treatments
significantly superior to
placebo for SPID and
TOTPAR (no p-value
given).4-hour TOTPAR:  data excluded from
ibuprofen 8.39; placebo  efficacy analysis.
2.65;ibuprofen + codeine  After remedication
9.39; codeine 4.12. PR=0andPI=
baseline score for
all further time
points.

Patients allowed to
remedicate after

| hour. If they
remedicated earlier
data excluded from
efficacy analysis.
After remedication
PR=0and Pl =
baseline score for
all further time
points.

Ibuprofen significantly
superior to placebo for
all measures of efficacy
(b <0.01). 6-hour
TOTPAR: ibuprofen
11.32; placebo 4.67.

Withdrawals
and exclusions

Adverse effects

97 analysed.
Exclusions: 30 for
various protocol
violations.

None serious reported and
no patient withdrew as a
result. Numbers reporting
adverse effects (number of
effects): ibuprofen 3/32 (1);
placebo 2/30 (2).

Difference in occurrence not
significant between groups.
No patient withdrew from
either ibuprofen or placebo
group as a result of adverse
events.

No information on
any exclusions.

245 analysed. None serious reported and
Exclusions: 9 did not no patient withdrew as a
experience severe  result. Numbers reporting
pain, 2 remedicated adverse effects (number of
before | hour, | effects): ibuprofen 6/80 (?);

completed diary  placebo 5/82 (!)
incorrectly.

192 analysed. None serious reported and
Exclusions: 17 no patient withdrew as a

result. No individual data
provided but NSD in
occurrence between groups.

provided uninter-
pretable data, 12
took confounding
medication, [0 lost
to follow-up, 9 did
not need medication,
5 fell asleep.

249 analysed. None serious reported; no
Exclusions: 30 lost ~ patient withdrew as a result.
to follow-up, 15 did  Numbers reporting adverse
not require effects (number of effects):
medication, | | ibuprofen 11/38 (12); placebo
remedicated before  5/46 (6); ibuprofen + codeine
| hour, 6 missed 18/41 (20); codeine

more than | evalu- 1141 (11).

ation, 3 medicated

with slight pain, |

did not take all

medication, | medi-

cated over 24 hours

after surgery.

161 analysed. None serious reported; no
Exclusions:20 did  patient withdrew as a result.
not require Numbers reporting adverse

medication, 13 lost ~ effects (number of effects):
to follow-up, 7 for  ibuprofen 10/40 (14); placebo
various protocol  7/45 (7).

violations.

continued
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TABLE 28 contd Studies of ibuprofen versus placebo

Study Condition
and number
of patients

Cooper,  Third molar

etal, 1989 extraction
n=1%

Age: |6+ years

Forbes, Third molar

etal, 1984 extraction
n=136
Age: |5+ years

Forbes, Third molar

etal, 1990 extraction
n =269
Age: |5+ years

Forbes, Third molar

etal, 1991 extraction
n=39%

Age: |5+ years

Forbes, Third molar

etal, 1991 extraction
n=288

Age: |5+ years

84

Design, study Outcome
duration and measures
follow-up

RCT, double-blind, single Pl (standard
oral dose, parallel groups. ~ 4-point scale)
Local anaesthetic. Self- PR (standard
assessed at home at 0,0.5, 5-point scale)
| hours then hourly for ~ 50% PR? (y/n)
6 hours. Medication taken ~ Global rating

when baseline Pl moderate

(5-point scale)

to severe. by patient
RCT, double-blind, single Pl (standard
oral dose, parallel groups. ~ 4-point scale)
General anaesthetic. Self- PR (standard
assessed at home at 5-point scale)
0 hours, then hourly for  50% PR? (y/n)
12 hours. Medication Global rating
taken when baseline Pl (5-point scale)
moderate to severe. by patient

Follow-up 5 days post-

surgery with research nurse.

RCT, double-blind, single Pl (standard
then multiple oral dose, ~ 4-point scale)
parallel groups. General/ PR (standard

local anaesthetic (unclear).
Self-assessed at home at

5-point scale)
50% PR? (y/n)

0, | hours then hourly for ~ Global rating
6 hours. Medication taken  (5-point scale)
when baseline Pl moderate by patient

to severe. Follow-up 5 days

postsurgery.

RCT, double-blind, single Pl (standard
oral dose, parallel groups. ~ 4-point scale)
Local anaesthetic.4 hour PR (standard
caffeine washout prior to  5-point scale)
start. Self-assessed at 0,0.5, 50% PR? (y/n)
| hours then hourly for  Global rating
8 hours. Medication taken ~ (5-point scale)
when baseline Pl moderate by patient

to severe. Follow-up

5 days postsurgery.

Multicentre (2 sites).

RCT, double-blind, single Pl (standard
oral dose, parallel groups. ~ 4-point scale)

Local anaesthetic. Self- PR (standard
assessed athomeat 0, 5-point scale)
| hours then hourly for  50% PR? (y/n)

8 hours. Medication taken ~ Global rating
when baseline Pl moderate (5-point scale)
to severe. Follow-up by patient

5 days postsurgery.

Dosing
regimen

Ibuprofen,
400 mg
(n=6l);
placebo
(n = 64).

Ibuprofen,
400 mg
(n=28);
placebo
(n=128).

Ibuprofen,
400 mg
(n=32);
placebo
(n=34).

Ibuprofen,
50 mg
(n=57);
ibuprofen,
100 mg
(n=49);
ibuprofen,
200 mg
(n=48);
placebo
(n=51);
ibuprofen,
100 mg, +
caffeine,
100 mg
(n=49);
ibuprofen,
200 mg, +
caffeine,
100 mg
(n=44).

Ibuprofen,
400 mg
(n=37);
placebo
(n=39).

Analgesic outcome
results

Ibuprofen significantly
superior to placebo for
all measures of efficacy
(p <0.001). 6-hour
TOTPAR: ibuprofen
11.32; placebo 4.67.

Ibuprofen significantly
superior to placebo for
all measures of efficacy
(p <0.01). 6-hour
TOTPAR: ibuprofen
15.79; placebo 3.79.
4-hour TOTPAR:
ibuprofen 10.75;
placebo 2.79.

Ibuprofen significantly
superior to placebo for
all measures of analgesia
(p < 0.05 at least). 6-hour
TOTPAR: ibuprofen

Withdrawals
and exclusions

Remedication

Patients allowed to 184 analysed.
remedicate after  Exclusions: 2 lost to
| hour. If they follow-up, 2 did not
remedicated earlier require medication,
data excluded from 4 missed more than
efficacy analysis. | evaluation, | had
No details on how insufficient baseline
data were handled pain, | failed to
for remedication. ~ complete diary at
appropriate time.

Patients allowed to 109 analysed.
remedicate after  Exclusions: 21

2 hours.If they  did not require
remedicated earlier medication, 2 took
data excluded from rescue medication
efficacy analysis.  instead of trial
After remedication medication, 2
PR=0andPI=  remedicated despite
baseline or last having some relief,
score (whichever 2 remedicated
was greater) for all before 2 hours.
further time points.

Patients allowed to 206 analysed.
remedicate after  Exclusions: 3 lost to
2 hours.If they  follow-up, | lost
remedicated earlier report card,22 did
data excluded from not require medi-

Adverse effects

None serious reported; no
patient withdrew as a result.
Numbers reporting adverse
effects (number of effects):
ibuprofen 5/63 (6); placebo
7164 (7).

None serious reported; no
patient withdrew as a result.
Numbers reporting adverse
effects (number of effects):
ibuprofen 5/28 (6); placebo
328 (3).

None serious reported; no
patient withdrew as a result.
Numbers reporting adverse
effects (number of effects):
ibuprofen 8/43 (9); placebo

10.47; placebo 1.88. efficacy analysis.  cation, 8 remedi-  0/38 (0).
After remedication cated despite having
PR=0andPl= relief from study

baseline or last
score (whichever
was greater) for
all further time

medication, 6 remedi-
cated with only slight
pain, 13 remedicated
at <2 hours, 7 failed

Al ibuprofen treatments
significantly superior to
placebo for all measures
(p < 0.05 at least). 8-hour
TOTPAR: ibuprofen,

50 mg, 8.82; ibuprofen,
100 mg, 8.46; ibuprofen,
200 mg, 10.00; placebo

to follow instructions,
3 did not complete

points.

forms.
Patients allowed to 298 analysed. None serious reported; no
remedicate after  Exclusions:33 did  patient withdrew as a result.
2 hours.If they  not require Numbers reporting adverse

remedicated earlier medication, 14
data excluded from remedicated at

effects (number of effects):
ibuprofen, 50 mg, 10/63

efficacy analysis. <2 hours, | ate  (15);ibuprofen, 100 mg, 5/62
After remedication caffeine-containing  (6); ibuprofen, 200 mg, 6/60
PR=0andPI=  food,2 medicated  (6); placebo 8/61 (8); 100 mg

2.58; 100 mg combination  baseline or last
11.29; 200 mg combination score (whichever
15.58 (6-hour TOTPAR  was greater) for
calculated from mean all further time
hourly scores). points.

Patients allowed to
remedicate after
2 hours. If they

Ibuprofen significantly
superior to placebo for
all measures of efficacy

caffeine combination 12/58
(15);200 mg caffeine
combination 8/58 (9).

for headache, |
rated only one side
of mouth, | form
completed by
relative, 3 lacked
consistency, 22
evaluated at
incorrect time, 3
incomplete forms.

241 analysed. None serious reported; no
Exclusions: 7 lost to patient withdrew as a result.
follow-up, 12 did not Numbers reporting adverse

(p < 0.05 at least). 8-hour
TOTPAR: ibuprofen 14.30;
placebo 2.59. 6-hour

TOTPAR (calculated from

remedicated earlier require medication, effects (number of effects):
data excluded from 4 remedicated with ~ ibuprofen 7/43 (8); placebo
efficacy analysis. ~ some relief, | re- ~ 3/47 (3).

After remedication medicated with slight

mean hourly scores):ibu- PR =0and PI =

profen 10.97; placebo 2.49. baseline or last
score (whichever
was greater) for
all further time
points.

pain, 19 remedicated

before 2 hours, 2
lacked consistency, |
did not complete
form, | took only
part of medication.

continued
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TABLE 28 contd Studies of ibuprofen versus placebo

Study

Forbes,
etal, 1992

Frame,
etal, 1989

Fricke,
etal, 1993

Gay,
etal, 1996

Heidrich,
etal, 1985

Condition Design, study

and number  duration and

of patients follow-up

Third molar RCT, double-blind, single
extraction oral dose, parallel groups.
n=338 Local anaesthetic. Self-

assessed at home at 0 and
| hour, then hourly for

8 hours. Medication taken
when baseline Pl moderate
to severe. Follow-up 5 days
postsurgery.

Age: |5+ years

Third molar RCT, double-blind, single
extraction oral dose, parallel groups.
n=148 Local anaesthetic. Self-

assessed at home at 0,0.5,
and | hours, then hourly
for 5 hours. Medication
taken when baseline Pl

at least moderate.

Age: |6+ years

Third molar RCT, double-blind, single
extraction oral dose, parallel groups.
n=207 72-hour washout prior to

start. Local anaesthetic.
Self-assessed at home at 0,
20, 30,40, and 60 minutes,
then hourly for 12 hours.
Medication taken when
baseline Pl moderate.
Review 1/2 days after

the trial.

Age: |5+ years

Third molar RCT, double-blind, single
extraction oral dose, parallel groups.
n =206 12-hour washout prior to
Age range: start. Local anaesthetic.
18-60 years Self-assessed at ‘regular
intervals’ for 6 hours.
Medication taken when
baseline Pl moderate
to severe.
Orthopaedic ~ RCT, double-blind, single
surgery oral dose, parallel groups.
n=120 4-hour washout prior to
Age range: start. Assessed by trained
18-65 years nurse observer at 0,0.5

and | hour, then hourly for
6 hours. Medication taken
when baseline Pl moderate
to severe.

Outcome
measures

Pl (standard
4-point scale)
PR (standard
5-point scale)
50% PR (y/n)
Global rating
(5-point scale)
by patient

PI (non-standard
9-point scale)
PR (standard
5-point scale)
50% PR? (y/n)

Pl (standard
4-point scale)
PR (standard
5-point scale)
50% PR (y/n)
Global rating
(5-point scale)
by patient
VAS PL:‘no pain’
to ‘worst pain
imaginable’

Pl (standard
4-point scale)
PR (standard
5-point scale)
50% PR? (y/n)
Global rating
(5-point scale)
by patient
VAS Pl:‘no pain’
to ‘worst pain
imaginable’

Pl (4-point scale)
PR (5-point scale)
VAS PL:‘no relief’
to ‘complete
relief’

VAS Pl:‘no pain’
to ‘worst pain
imaginable’
McGill pain
qQuestionnaire

Dosing
regimen

Ibuprofen,

Ibuprofen,
400 mg
(n=42);
placebo
(n=138).

Ibuprofen,
400 mg
(n=8l);
placebo
(n=39).

Ibuprofen,
400 mg
(n=4l);
placebo
(n=39).

Ibuprofen,
400 mg
(n=40);
placebo
(n=40).

Analgesic outcome Remedication

results

Patients allowed to
remedicate after

2 hours. If they
remedicated earlier
data was excluded
from efficacy
analysis. After
remedication PR
=0andPl=
baseline or last
score (whichever
was greater)

for all further

time points.

Ibuprofen significantly
superior to placebo for

all measures of efficacy

(p <0.01).8-hour
TOTPAR: ibuprofen 14.82;
placebo 2.34.6-hour
TOTPAR (calculated from
mean hourly scores): ibu-
profen 11.79; placebo 2.06.

At 2 and 3 hours
ibuprofen significantly
superior to placebo.
5-hour TOTPAR
(calculated from graph):
ibuprofen 12.85;
placebo 7.95.

Patients allowed to
remedicate after

2 hours.No
information
provided on how
data were handled
for patients who
remedicated.

Patients allowed to
remedicate after

Ibuprofen significantly
superior to placebo for

all measures after 2 hours. After
30 minutes. 6-hour remedication PR
TOTPAR: ibuprofen 10.9; =0and Pl =

baseline or last
score (whichever
was greater) for all
further time points.

placebo 2.9.

Patients allowed to
remedicate after
| hour. If they

Ibuprofen significantly
superior to placebo for
all summary measures of

analgesia (p < 0.05). remedicated
6-hour TOTPAR: earlier data was
ibuprofen 13.6; excluded from
placebo 5.2. efficacy analysis.

After remedication
PR=0and Pl =
baseline or last
score (whichever
was greater) for
all further time
points.

Orthogonal analyses of ~ No information
variance showed ibuprofen given on patients
produced greater PR than who remedicated.
placebo. 6-hour VAS

TOTPAR: ibuprofen 234;

placebo 104.

Withdrawals
and exclusions

280 analysed.
Exclusions; 3 did not
return form, 14 did
not require
medication, 4 re-
medicated despite
some relief, 6
remedicated with
slight pain, 18
remedicated before
2 hours, 2 lacked
consistency, 2 did
not complete form,
2 took only part of
medication, 5 took
back-up medication.

123 analysed.
Exclusions: 9 did not
take medication, 7
lost to follow-up, |
was asleep so did
not complete form,
| had complications
so did not complete
form, 7 had slight
pain.

201 analysed.
Exclusions: | took
medication twice,
5 had insufficient
pain.

194 analysed.
Exclusions: 2
remedicated before
| hour, 10 failed to
complete assess
ment within

|5 minutes of
scheduled time.

No information
given on any
exclusions.

Adverse effects

None serious reported; no
patient withdrew as a result.
Numbers reporting adverse
effects (number of effects):
ibuprofen 4/45 (8); placebo
2146 (5).

None serious reported; no
patient withdrew as a result.
Numbers reporting adverse
effects (number of effects):
ibuprofen 2/42 (2); placebo
1138 (3).

None serious reported; |
patient in ibuprofen group
withdrew as a result of
vomiting which investigators
did not attribute to
medication. Numbers
reporting adverse effects
(number of effects):
ibuprofen 8/81 (13); placebo
1139 (1).

None serious reported; no
patient withdrew as a result.
Numbers reporting adverse
effects (number of effects):
ibuprofen 3/41 (3); placebo
4141 (7).

“There were no differences
among treatments in terms
of side effects. No patient
withdrew because of adverse
events.”
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TABLE 28 contd Studies of ibuprofen versus placebo

Study Condition Design, study Outcome Dosing Analgesic outcome  Remedication ~ Withdrawals Adverse effects
and number  duration and measures regimen  results and exclusions
of patients follow-up

Hersh, Third molar RCT, double-blind, single Pl (standard Ibuprofen,  Ibuprofen at both doses  Patients allowed to 254 analysed. None serious reported; no
etal, 1993 extraction oral dose, parallel groups. ~ 4-point scale) 400 mg significantly superior to  remedicate after ~ No exclusions. patient withdrew as a result.
n =254 4-hour washout prior to PR (standard (n=49);  placebo for all measures | hour. If they Numbers reporting adverse
Age: 16+ years  start. Local anaesthetic.  5-point scale) ibuprofen,  of analgesia (p < 0.05).  remedicated earlier effects (number of effects):
Self-assessed at 0,0.5,and ~ Global rating 200 mg 6-hour TOTPAR (calcu-  data excluded from ibuprofen, 400 mg, 6/49 (7);
| hour then hourly for ~ (5-pointscale) ~ (n=51); lated from the graph): efficacy analysis. ibuprofen, 200 mg, 4/51 (4);
8 hours (for the first by patient placebo ibuprofen, 400 mg,9.1;  After remedication placebo 9/51 (9).
2 hours in clinic). Medi- (n=51).  ibuprofen,200 mg,6.68; PR=0and Pl =
cation taken when baseline placebo |.18. baseline or last
Pl moderate to severe. score (whichever

was greater) for
all further time

points.
Hersh, Third molar RCT, double-blind, pre- Pl (standard Placebo then  Ibuprofen significantly  Patients allowed to 81 analysed. No information given.
etal, 1993 extraction surgery placebo then single 4-point scale)  ibuprofen,  superior to placebo for  remedicate after  Exclusions: 19 lost
n=114 oral dose, parallel groups. PR (standard 400 mg all summary measures of | hour. After to follow-up, 1
Age: not specified Local anaesthetic. Self- 5-point scale) (n=12) analgesia. 6-hour remedication PR did not require
assessed at 0,0.5, and 50% PR? (y/n)  placebo then TOTPAR: ibuprofen =0andPl= medication, 3
| hours, then hourly for  Global rating placebo 15.67; placebo 9.00. baseline or last  excluded for various
6 hours. Medication taken  (5-point scale) ~ (n = 16). score (whichever  protocol violations.
when baseline pain was of by patient was greater) for
moderate to severe all further time
intensity. points.
Jain,etal,  Third molar RCT, double-blind, single Pl (4-point scale) Ibuprofen,  All ibuprofen doses Patients allowed to 227 analysed. None serious reported; no
1986 extraction oral dose, parallel groups. - standard word- 400 mg significantly superior to  remedicate after  Exclusions: [0 patient withdrew as a result.
n =260 Self-assessed at home at  ingbut scale [4 (n=49);  placebo (p < 0.001). | hour. If they remedicated before Numbers reporting adverse
Age range: 0and | hours, then hourly PR (non-standard ibuprofen,  6-hour SPID:ibuprofen, remedicated earlier | hour, |9 did not  effects (number of effects):
18-65 years for 6 hours. Medication ~ 5-point scale) 200 mg 400 mg, 3.0;ibuprofen,  data excluded from take medication or  ibuprofen, 400 mg, 10/? (12);
taken when baseline Pl Global rating (n=47); 200 mg,2.26;ibuprofen, efficacy analysis. ~ were lost to ibuprofen, 200 mg, 6/7 (8);
moderate to severe. (5-point scale) ibuprofen, 100 mg, 1.54; placebo  After remedication follow-up, 2 had ibuprofen, 100 mg, 13/ (15);
by patient 100 mg -1.73. PR=0andPI=  mild baseline pain, ~placebo 12/ (15).
VASPI:'no pain’  (n =39); last score forall | missed > 2 evalu-
to ‘worst ever placebo further time ations, | used
pain’ (n=47). points. confounding drugs.
Jain,etal,  Episiotomy RCT, double-blind, single Pl (standard Ibuprofen,  Ibuprofen significantly  Patients allowed to 147 analysed. None serious reported; no
1988 n=16l oral dose, parallel groups.  4-point scale) 400 mg superior to placebo for  remedicate after  Exclusions: | | patient withdrew as a result.
Age: 18+ years  4-hour washout prior to PR (standard (n=49);  most summary measures 2 hours.|fthey  remedicated before Numbers reporting adverse
start. Assessed by trained  5-point scale)  placebo of analgesia (p < 0.01).  remedicated earlier 2 hours,2 received  effects (number of effects):
nurse observer at 0,05,  Time to (n=48).  6-hour TOTPAR: data excluded from confounding agents, ibuprofen 2/49 (2); placebo
and | hour, then hourly  meaningful relief ibuprofen 14.4; efficacy analysis. | was aged under  1/48 ().
for 6 hours. Medication ~ Global rating placebo 8.61. After remedication |8 years.
taken when baseline pain  (5-point scale) PR=0and Pl =
was of moderate to severe by patient baseline or last
intensity. Overall improve- score (whichever
ment (7-point was greater)
scale) by patient for all further
time points.
Kiersch, ~ Third molar RCT, double-blind, single Pl (standard Ibuprofen,  Ibuprofen significantly  Patients allowed to 203 analysed. None serious reported; no
etal, 1993 extraction oral dose, parallel groups. 4-point scale) 200 mg superior to placebo for  remedicate after  Exclusions:2 for  patient withdrew as a result.
n =205 72-hour washout prior to PR (standard (n=8l);  all summary measures 2 hours.No protocol violations. Numbers reporting adverse
Age: |5+ years  start. Self-assessed at home 5-point scale) ~ placebo of analgesia (p < 0.001).  information given effects (number of effects):
at 0,20, 30,40, 60 minutes, 50% PR? (y/n) ~ (n=42).  6-hour TOTPAR: on how data were ibuprofen 16/81 (20); placebo
then hourly for 12 hours. ~ Global rating ibuprofen 10.3; placebo  then handled. 5/43 (5).
Medication taken when  (5-point scale) 37
baseline Pl at least by patient
moderate. Review VAS Pl:'no pain’
1/2 days after the trial. ~ to ‘worst pain
imaginable’

continued
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TABLE 28 contd Studies of ibuprofen versus placebo

Study

Laska,
etal, 1986

Lavenziana,
etal, 1996

McQuay,
etal, 1996

Mehlisch,
etal, 1990

Mehlisch,
etal, 1995

Condition
and number
of patients

Third molar
extraction

n =200

Age: 16+ years

Postoperative
(inguinal hernia)
n=125

Age range:
18-75 years

Third molar
extraction
n=218
Age range:
16-53 years

Various oral
surgery
procedures
n =706
Age range:
18-64 years

Third molar
extraction

n =205

Age: 15+ years

Design, study Outcome
duration and measures
follow-up

RCT, double-blind, single Pl (standard
oral dose, parallel groups. ~ 4-point scale)
4-hour washout prior to PR (standard
start. Self-assessed at 0, 0.5, 5-point scale)
and | hour then hourly  Global rating
for 6 hours. Medication by patient
taken when baseline Pl Blood serum
moderate to severe. levels

RCT, double-blind, single ~ VAS Pl:‘no pain’
oral dose, parallel groups. to ‘unbearable
6-hour washout prior to  pain’
start.Assessed in hospital ~ Global rating
at 0, 15,30, 45, 60, (5-point scale)
90 minutes, 2 hours then by patient
hourly for up to 6 hours.

Medication taken when

baseline Pl moderate

to severe.

RCT, double-blind, single Pl (standard
oral dose, parallel groups. ~ 4-point scale)
12-hour washout prior to PR (standard
start. Local anaesthetic.  5-point scale)
Self-assessed for 6 hours ~ Global rating

(time points not identified). (5-point scale)
Medication taken if baseline by patient
Pl moderate to severe ~ VAS Pl:‘no pain’
within 2 hours of surgery. - ‘worst pain
imaginable’
VAS PR:'no
relief’ to ‘com-
plete relief’
Random 8-word
scale
Mood (VAS)
Stopwatch to
meaningful relief

RCT, double-blind, single
oral dose, parallel groups.
6-hour washout prior to  scale |4

start. Self-assessed at 0, PR (non-standard
0.5,and | hour, then hourly 4-point scale)
for up to 6 hours.

Medication taken when

baseline Pl moderate

t0 severe.

Pl (4-point scale):
standard wording

RCT, double-blind, single Pl (standard

oral dose, parallel groups. ~ 4-point scale)
12-hour washout prior to PR (standard
start. Local anaesthetic.  5-point scale)
Self-assessed at 0, 15,30, ~ Global rating

45,60, 90 minutes, 2 hours,
then hourly for 6 hours.
Medication taken when
baseline Pl moderate

to severe.

(5-point scale)
by patient

Dosing
regimen

Ibuprofen,
400 mg
(=)
ibuprofen,
600 mg
(n=1)
ibuprofen,
800 mg
(n=1
placebo
(n=1)).
Assumed
equal distri-
bution of 40
patients per
group.

Ibuprofen
arginine
soluble,
400 mg
(n=42);
placebo
(n=41).

Ibuprofen,
400 mg
(n=30);
ibuprofen,
200 mg
(n=31);
placebo

(=11

Ibuprofen,
400 mg
(n = 306);
placebo
(n=85).

Ibuprofen,
400 mg
(n=98);
placebo
(n=40).

Analgesic outcome
results

All three doses of
ibuprofen significantly
superior to placebo for
% SPID. 6-hour SPID
(calculated from the PI
difference graph):
ibuprofen, 400 mg, 13.4;
ibuprofen, 600 mg, 14.1;
ibuprofen, 800 mg, 13.9;
placebo 5.3.

Patients with 61-80 mm
baseline pain significantly
superior to placebo

(p < 0.05). Patients with
> 81 mm baseline pain,
NSD.

VAS SPID from graph:
ibuprofen 250; placebo
215.

Ibuprofen at both doses
significantly superior to

placebo for all measures
of analgesia. 6-hour

Withdrawals
and exclusions

Remedication

Patients allowed to 195 analysed.
remedicate after  Exclusions: 4

| hour.If they remedicated before
remedicated earlier | hour, | vomited
data excluded from within 5 minutes
efficacy analysis.  of taking study
After remedication medication.
PR=0and Pl =

baseline or last

score (whichever

was greater) for

all further time

points.

Patients allowed to 124 analysed.
remedicate after

| hour. Patients
asked to wait until
pain returned to
baseline intensity
before remedicating
but no information
given on how data
were then handled.

for insufficient pain.

Patients allowed to 161 analysed.
remedicate after  Exclusions: 15 no
45 minutes If they ~ pain, 10 concurrent
remedicated earlier illness, 7 analgesics

Exclusions: | patient

TOTPAR (calculated from data excluded from within 48 hours, 4

Adverse effects

No withdrawals as a result.
Numbers reporting adverse
effects (number of effects):
ibuprofen, 400 mg, 112 (1);
placebo 377 (3).

None reported.

None serious reported; no
patient withdrew as a result.
Numbers reporting adverse
effects (number of effects):
ibuprofen, 400 mg, 2/30 (3);

the graph): ibuprofen, efficacy analysis. ~ withdrew before  ibuprofen, 200 mg,4/31 (4);
400 mg, 9.1;ibuprofen,  After remedication study began,4 did  placebo I/11 (I).
200 mg, 6.68; placebo PR=0andPI=  notattend,3
I.18. baseline for all previous NSAID
further time allergy, | possible
points. pregnancy, | migraine

Ibuprofen significantly
superior for most
summary measures of
efficacy. 6-hour SPID:
ibuprofen 5.84; placebo
0.99.

Ibuprofen significantly
superior to placebo for
all measures of analgesia
(b < 0.05). 6-hour
TOTPAR: ibuprofen
14.39; placebo 2.62.

after surgery, |
surgery cancelled, 3
remedicated before
45 minutes.

Patients allowed to
remedicate. After
remedication PR
=0andPl=
baseline score for
all further time
points.

697 analysed. None serious reported; no
Exclusions: 4 lost to patient withdrew as a result.
follow-up, 4 entered Numbers reporting adverse
in trial twice (only ~ effects (number of effects):
first entry analysed  ibuprofen 31/310 (?); placebo
for efficacy but both 12/85 (?).

included in safety

analysis), | failed to

meet inclusion

criteria.

Patients allowed to
remedicate after

| hour (but
encouraged to
wait for 4 hours).
If remedicated
earlier data
excluded from
efficacy analysis.
After remedication
PR and PID = 0 for
all further time
points.

239 analysed.
Exclusion: | patient
had only | molar
removed and failed
to complete diary.

None serious reported; no
patient withdrew as a result.
Numbers reporting adverse
effects (number of effects):
ibuprofen 12/98 (?); placebo
4140 (2).

continued
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TABLE 28 contd Studies of ibuprofen versus placebo

Study

Nelson,
etal, 1994

Pagnoni,
etal, 1996

Parker,
etal, 1986

Schachtel,
etal, 1989

Seymour,
etal, 1991

Condition Design, study Outcome
and number  duration and measures
of patients follow-up

Third molar RCT, double-blind, single Pl (standard
extraction oral dose, parallel groups.  4-point scale)
n=183 12-hour washout prior to PR (standard

Age: 15+ years  start. Local anaesthetic.  5-point scale)
Self-assessed at 0, 15,30, ~ 50% PR? (y/n)
45,60, 90 minutes, 2 hours, Global rating

then hourly for 6 hours.  (5-point scale)

Medication taken when by patient

baseline Pl moderate

to severe.
Caesarean RCT, double-blind, single ~ VASPl:'no
section oral dose, parallel groups. pain’ to ‘unbear-
n=9 6-hour washout prior to  ablepain’

Age: 18+ years  start. General anaesthetic. Global rating
Assessed in hospital at ~ (5-point scale)
0, 15,30,45, 60, 90 minutes, by patient

2 hours, then hourly for

6 hours. Medication taken

when baseline pain was

> 55 mm.

Tonsillectomy ~ RCT, double-blind, single

Dosing
regimen

Ibuprofen,
200 mg
(n=75);
placebo
(n = 40).

Ibuprofen
arginine
soluble,
400 mg
(n=130);
placebo
(n=32).

PI (non-standard Ibuprofen

n=139 oral dose then multiple ~ 9-point scale)  syrup,
Age range: doses, parallel groups. PR (standard 600 mg
16-66 years General anaesthetic. 5-point scale)  (n =44);
Assessed in hospital at ~ 50% PR? (y/n)  placebo
0,0.5, | hours, then hourly Observers (n=33).
for 4 hours. Medication ~ noted their
taken when baseline Pl impression of
moderate to severe. patients’ progress
Episiotomy RCT, double-blind, single Pl (standard  Ibuprofen,
n=115 oral dose then multiple ~ 4-point scale) 400 mg
Age range: doses, parallel groups. PR (standard  (n =36);
16-37 years 4-hour washout prior to ~ 5-point scale)  placebo
start.Assessed in hospital ~ Global rating ~ (n = 38).
at 0,0.5, | hours, then (5-point scale)
hourly for 4 hours. by patient
Medication taken when
baseline Pl moderate
to severe.
Third molar RCT, double-blind, single ~ VASPI: ‘no Study 1:ibu-
extraction oral dose, parallel groups. ~ pain’ to ‘unbear- profen (tablets),
n =205 General anaesthetic. able pain’ 400 mg (n=31);
Age: Adult Assessed in hospital by~ Global rating  ibuprofen
same observer at 0, [0,  (5-point scale)  (liquid in gelatin
20, 30,45, 60, 90 minutes, by patient capsules),

2 hours, then hourly for
6 hours. Medication taken
when baseline pain was

> 30 mm.

400 mg (n = 32);

placebo (n =32).

Study 2:

ibuprofen
(tablets),
400 mg

(n=130);
ibuprofen
(soluble),

Withdrawals
and exclusions

Analgesic outcome  Remedication

results

Ibuprofen significantly  Patients allowed to 180 analysed.
superior to placebo for remedicate after  Exclusions: 2
PR and Pl differences | hour.If they
from 30 minutes remedicated earlier | hour, | did not
onwards. 6-hour data excluded from record baseline

TOTPAR:ibuprofen efficacy analysis.  pain intensity.
12.31;placebo 5.56.  After remedication
PR=0andPI=0
for all further
time points.

Sum of PID and mean
AUC showed ibuprofen
significantly superior to
placebo (p < 0.001);
mean peak Pl difference
value was also signifi-

Patients allowed to 92 analysed.
remedicate after  No exclusions.
| hour. If they

remedicated earlier

data excluded from

efficacy analysis.

cantlysuperior to After remedication
placebo (p < 0.05). PI = last recorded
6-hour VAS SPID from  value for all further

graph:ibuprofen
181 mm; placebo 65 mm.

time points.

Ibuprofen significantly ~ No information 110 analysed.
superior to placebo at  given on patients  No information
30 minutes and | hour. who remedicated. ~given on
4-hour TOTPAR: 29 exclusions.
ibuprofen 10.92;

placebo 9.37.

Ibuprofen significantly  Patients allowed to |11 analysed.
superior to placebo for remedicate after  Exclusions: 4
all measures of analgesia | hour.If they re-  remedicated
(p < 0.05) at least. medicated earlier  before | hour.

4-hour TOTPAR: data excluded from

ibuprofen 10.4; efficacy analysis.

placebo 5.5. After remedication
PR=0andPl=

last or baseline
(which ever was
greater) for all
further time points.

Study 1: both forms of
ibuprofen significantly

Patients allowed to 187 analysed.
remedicate. After ~ Claimed to have
superior to placebo;no  remedication Pl = enrolled only 80?
significant difference  last score for all

between 2 active groups. further time points.

Study 2: soluble ibu-

profen significantly

superior to placebo

from 20 minutes; tablets

from 30 minutes. 6-hour

VAS SPID: gelatin

233 mm; tablets

243 mm; placebo

120 mm; soluble 228 mm;

tablets 214 mm; placebo

86 mm.

remedicated before

Adverse effects

None serious reported; no
patient withdrew as a result.
Numbers reporting adverse
effects (number of effects):
ibuprofen 16/77 (!); placebo
11741 ().

None reported.

No details given of those
occurring during single dose.
For multiple doses, | patient
in placebo group withdrew as
a result. Numbers reported
were similar for both groups.

None reported.

None serious reported; no
patient withdrew as a result.
Only | patient from the
placebo group (Study )
reported an adverse event.

continued
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TABLE 28 contd Studies of ibuprofen versus placebo

Study Condition  Design, study Outcome  Dosing
and number duration and measures  regimen
of patients  follow-up
Seymour,  Third molar  RCT, double-blind, single Pl (VAS):'no  Ibuprofen
etal, 199 extraction  oral dose, parallel groups. pain’ to ‘unbear- (tablets), 600 mg
n=148 General anaesthetic. able pain’ (n=17); ibu-
Age:Adult  Assessed in hospital by ~ Global rating ~ profen (soluble),
nurse observer at 0,10,  (5-point scale) 600 mg (n = 17);
20,30,45,60,75,90,120, by patient ibuprofen
150 minutes, 3 hours, (tablets), 400 mg
then hourly for 6 hours. (n = 15); ibuprofen
Medication taken when (soluble), 400 mg
baseline pain was (n = 16); ibuprofen
> 30 mm. (tablets), 200 mg
(n = 18); ibuprofen
(soluble), 200 mg
(n = 17); placebo
(n=19).
Sunshine, ~ Episiotomy  RCT, double-blind,single Pl (standard  Ibuprofen, 400 mg
etal, 1983 n=115 oral dose, parallel groups. 4-point scale)  (n = 30); placebo
Age: |18+ years 4-hour washout prior to PR (non- (n=30).
start. Assessed in hospital standard
by same observer at 0,  5-point scale)
0.5, I hours, then hourly  (percentages
for 4 hours. Medication  not descriptive
taken when baseline Pl wording)
moderate to severe. Global rating
of medication
(4-point scale)
by patient
Global rating
of personal
improvement
(7-point scale)
by patient
Sunshine,  Episiotomy, ~ RCT, double-blind, single Pl (standard  Ibuprofen, 400 mg
etal, 1987 Caesarean  oral dose, parallel groups. 4-point scale) (n = 38); placebo
sectionor  4-hour washout prior to PR (non- (n=40).

gynaecological start. Assessed in hospital standard

surgery by same observer at 0,  5-point scale)

n =200 0.5, I hours, then hourly  (percentages

Age:not for 4 hours. Medication  not descriptive

specified taken when baseline Pl wording)

moderate to severe. Global rating

of medication
(4-point scale)
by patient
Global rating
of personal
improvement
(7-point scale)
by patient

Each point in Figure 28 represents one trial with the
proportion of patients achieving at least 50% pain
relief on the study drug plotted on the y axis, and
the proportion of patients achieving the same end
point with placebo on the x axis.

In one trial," a syrup formulation of ibuprofen
was used, in two trials?**' soluble ibuprofen and
liquid in gelatin capsules were used, in two trials
ibuprofen lysine was used, and in two trials***
soluble ibuprofen arginine was used. When the
results from these more readily absorbed formu-
lations were pooled and compared with those for
the standard tablet formulation, no differences
were found in the relative benefit or NNTs. The

22,23

Withdrawals
and exclusions

Analgesic outcome  Remedication Adverse effects

results

All ibuprofen treatments Patients allowed to 199 analysed. Reported by 4 patients:
except 200 mg resulted  remedicate.After  Exclusions:4 for 3 took ibuprofen (dose not
in significantly less pain  remedication Pl = ‘unwanted effects’,  specified) and | placebo.
than placebo for all last score for all 25 failed to reach

efficacy measures further time sufficient baseline PI.

(p < 0.05).6-hour VAS  points.

SPID: ibuprofen, 600 mg

tablets, 230; ibuprofen,

600 mg soluble, 148;

ibuprofen, 400 mg tablets,

258, ibuprofen, 400 mg

soluble, 238; ibuprofen,

200 mg tablets, 140;

ibuprofen, 200 mg soluble,

198; placebo 44.

Ibuprofen significantly  Patients allowed to 120 analysed.
superior to placebo for  remedicate after  No exclusions.
all measures of analgesia | hour. If they
from | hour onwards.  remedicated earlier
4-hour SPID: ibuprofen  data excluded from
6.47; placebo 1.12. efficacy analysis.

After remedication

PR=0and Pl =

[ast for all further

time points.

None reported.

All active treatments  Patients allowed to 195 analysed.
significantly superior to  remedicate after  Exclusions: | non-
placebo for TOTPAR and | hour. If they compliant with

all except codeine for  remedicated earlier washout period, 4
SPID. 4-hour SPID: data excluded from did not complete
ibuprofen 8.1;placebo  efficacy analysis.  evaluations.

52 After remedication

PR=0andPI=

[ast for all further

time points.

None reported in either
placebo or ibuprofen groups.

NNT for a single dose of ibuprofen, 400 mg,
standard formulation tablets (1356 patients)
compared with placebo was 2.8 (95% CI, 2.5-3.1)
and for ibuprofen, 400 mg, soluble formulations
(250 patients) the NNT was 2.5 (95% CI, 2.1-3.1).
All formulations were therefore pooled for the
overall analysis.

The single data set for ibuprofen, 50 mg, showed
no significant difference from placebo. The pooled
relative benefits for ibuprofen, 100 mg, 200 mg,

400 mg and 600 mg, were significantly different
from placebo, as was the single data set for ibupro-
fen, 800 mg (7Table 29). At a dose of 50 mg, ibupro-
fen had an NNT of 3.6 (95% CI, 2.5-6.1) for at least
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FIGURE 28 Ibuprofen against placebo in postoperative pain
(0, ibuprofen, 50 mg; e, ibuprofen, 100 mg; a, ibuprofen, 200 mg;
u, ibuprofen, 400 mg; v, ibuprofen, 600 mg)

50% pain relief over 4-6 hours compared with
placebo in pain of moderate to severe intensity;

at 100 mg, the NNT was 5.6 (95% CI, 3.8-9.9), at
200 mg, the NNT was 3.3 (95% CI, 2.8-4.0), at

400 mg, the NNT was 2.7 (2.5-3.0), at 600 mg, the
NNT was 2.4 (1.9-3.3) and, at 800 mg, the NNT was
1.6 (1.3-2.2). The dose response for ibuprofen

is presented in Figure 29.

When a fixed CER of 19% was applied, there

was a clear dose response with no overlap in Cls
except for the 600 mg and 800 mg doses (Table 29;
see also Figure 32).

Drug-related study withdrawals occurred rarely. In
one study,”® one withdrawal on ibuprofen was for
vomiting which the authors did not attribute to the

Ibuprofen, 100 mg- [ i| 88
Ibuprofen, 200 mg-j—< 406
Ibuprofen, 400 mg-} 1606
Ibuprofen, 600 mg-} 114
Ibuprofen, 800 mg-} 39
| 2 3 45 67 8 910
NNT (95% Cls)
FIGURE 29 Dose response for ibuprofen trials
0 At least 50% PR with diclofenac (%)
80
o
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o
]
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0 20 40 60 80 100

At least 50% PR with placebo (%)

FIGURE 30 Diclofenac against placebo in postoperative pain
(0, diclofenac, 25 mg; o, diclofenac, 50 mg; O, diclofenac, 100 mg)

TABLE 29 Summary of relative benefit and NNTs for trials of ibuprofen versus placebo

Number Dose of Number of Number of RB - NNT NNT with
of trials ibuprofen patients with patients with random (95% CI) 19% CER
(mg) >50% PR: >50% PR: effects model (95% CI)
ibuprofen placebo (95% CI)
| 50 16/57 0/51 144 (0.3—> 1000) 3.6 (2.5-6.1) 12.5 (4.1—)
2 100 16/88 0/98 72 (16-318) 5.6 (3.8-9.9) —100 (10—c)
8 200 151/406 22/320 3.5(2.3-5.3) 33(284.0) 5.6 (4.1-85)
30 400 858/1606 214/1292 3.3(2543) 2.7 (2.5-3.0) 29 (2.7-32)
3 600 90/114 40/108 2.5 (1.2-5.5) 24 (1.9-33) 1.7(1.4-2)
| 800 39/39 14/37 2.6 (1.84) 1.6 (1.3-2.2) 1.2 (1.1-1.5)
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medication. In one study,? there were three with-
drawals on ibuprofen and one on placebo for vomit-
ing soon after ingestion of the study drug. In another
study,'® one patient withdrew on placebo. The studies
reported a variable incidence of minor adverse events
which were all mild and transient, with no difference
in incidence between ibuprofen and placebo.

Diclofenac versus placebo

Although the search identified nearly 2000 trials,
the majority were in chronic pain or the drug was
administered before the patient experienced pain.
Over 500 reports were found of trials involving
rectal, intravenous and intramuscular diclofenac.
Predominantly, the reports were not in established
postoperative pain, were not placebo-controlled or
did not use standard pain outcome measures. Only
six trials fulfilled the inclusion criteria; all were for
oral diclofenac (528 patients were given diclofenac
and 312 placebo). Five reports identified by the
search could not be obtained despite attempts to
contact the authors, ordering through the British
Library and help from the librarians at Novartis
and Knoll Pharmaceuticals.?*' Details of the six
included studies are presented in Table 30, with
their references being given at the end of this
chapter. The authors of one study were contacted
for information regarding the number of

patients in each treatment arm;* however, they
were unable to provide this information and

so an equal split of 50 patients per group

was assumed.

Five trials investigated oral surgery pain (third
molar extraction with bone removal) and one
pain following gynaecological surgery. The doses
of diclofenac prescribed were 25 mg in one trial,
50 mg in six trials and 100 mg in three trials. In
three trials the immediate release diclofenac
potassium formulation was used,”* and in two
trials dispersible diclofenac was used.”* In one
trial, both the immediate release and enteric-
coated formulations were used.”” To ensure
comparability, only data from the immediate
release formulation were included.

CER values ranged from 8% to 38% (median 10%)
(Figure 30). The EER for the single trial of diclo-
fenac, 25 mg, was 46%. The EER for diclofenac,

50 mg, varied between 53% and 75% (median
58%) and for diclofenac, 100 mg, between 56%
and 72% (median 67%). The 100 mg data set was
homogeneous but the 50 mg data set was not.

The pooled relative benefits for all doses of
diclofenac versus placebo were significant
(Table 31). At a dose of 25 mg, diclofenac had

an NNT of 2.6 (95% CI, 1.9-4.5) for at least 50%
pain relief over 4-6 hours compared with placebo
in pain of moderate to severe intensity. The NNT
at 50 mg was 2.3 (95% CI, 2.0-2.7) and at 100 mg
1.8 (95% CI, 1.5- 2.1), with overlapping CIs.

The dose response for diclofenac is shown in
Figure 31.

With a fixed value of CER of 19%, the NNT for
diclofenac, 25 mg, was 3.9 (95% CI, 2.3-12), for
50 mg 2.3 (95% CI, 2.0-2.7) and for 100 mg 2.2
(95% CI, 1.8-2.8), with overlapping Cls (Tuble 29;
Figure 32).

Drug-related study withdrawals rarely occurred.
In one study,” there was one withdrawal on diclo-
fenac, 100 mg, for nausea and vomiting. The
studies reported a variable incidence of minor
adverse events none of which were serious and
there was no difference in incidence between
diclofenac and placebo.

Diclofenac versus ibuprofen

There were two direct comparisons of diclofenac,
50 mg, and ibuprofen, 400 mg.***® Both trials were
in dental pain (third molar removal); 118 patients
received diclofenac and 112 patients ibuprofen.
There was no significant difference between
diclofenac, 50 mg, and ibuprofen, 400 mg
(relative benefit 1.0; 95% CI, 0.9-1.2).

Comment

A single dose of ibuprofen, 400 mg, had an NNT
of 2.7 for at least 50% pain relief compared with
placebo. This means that one from every three
patients with pain of moderate to severe intensity
will experience at least 50% pain relief with
ibuprofen which they would not have had with
placebo. The equivalent NNT for a single dose

of ibuprofen, 600 mg, was 2.4 and for ibuprofen,
200 mg, 3.3, showing a dose response although

the CIs overlapped (7Table 29). When a fixed CER
was used to smooth out the CER variations of
individual trials, the CIs for the NNTs did not
overlap, supporting the dose-response finding
(Figure 32). Moreover, the use of a fixed (popu-
lation) CER had little effect on the NNT in circum-
stances where there were either large numbers of
patients or where there were large effects (Tables 29
and 31). Only in small trials with limited analgesic
efficacy (low doses) did the use of the fixed CER
alter the NNT significantly.

A single dose of diclofenac, 50 mg, had an NNT
of 2.3 for at least 50% pain relief compared with
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TABLE 30 Studies of diclofenac versus placebo

Study

Ahlstrom,
etal, 1993

Bakshi,
etal, 1992

Bakshi,
etal, 1994

Hebertson,
etal, 1994

Mehlisch,
etal, 1994

Nelson,
etal, 1994

Condition
and number
of patients

Third molar
extraction
n=127

Age range:
18 - 40 years

Third molar
extraction
n=180
Age:adult

Third molar
extraction
n=257
Age range:
adults up to
65 years

Gynaecological
surgery
n=217
Age: 16+ years

Third molar
extraction
n=208
Age range:
16-70 years

Third molar
extraction
n=255
Age range:
16-70 years

Design, study
duration and
follow-up

RCT, double-blind, single
oral dose, parallel groups.
4-hour washout prior to
start. Evaluated at 0, 20,
40 minutes, | hour then
hourly for 6 hours. Medi-
cation taken when baseline
pain was at least moderate
intensity (> 30 mm).

RCT, double-blind, single
oral dose, parallel groups.
4-hour washout prior to
start. Self-assessed at 0, 15,
30 minutes, | hour, then
hourly for 6 hours. Medi-
cation taken when baseline
pain was of at least
moderate intensity.

RCT, double-blind, single
oral dose, parallel groups.
Local anaesthetic.
Self-assessed at 0,20,

40 minutes, I, 1.5,

2 hours, then hourly for

6 hours. Medication taken
when baseline pain was

of at least severe intensity.

RCT, double-blind, single
oral dose, parallel groups.
4-hour washout prior to
start. Assessed by observer
at 0,0.5, | hour, then
hourly for 8 hours. Medi-
cation taken when baseline
pain was of moderate to
severe intensity and groups
stratified by baseline PI.

RCT, double-blind, single

oral dose, parallel groups.
Local anaesthetic. 4-hour
washout prior to start. Self-
assessed at 0,0.5, | hour,
then hourly for up to 8 hours.
Medication taken when base-
line pain was of moderate

to severe intensity.

RCT, double-blind, single
oral dose, parallel groups.
Local anaesthetic. 4-hour
washout prior to start.
Self-assessed at 0, 0.5,

| hour then hourly for
up to 8 hours. Medication
taken when baseline pain
was of moderate to
severe intensity.

Outcome
measures

VAS Pl:‘no
pain at all’ to
‘agonising pain’
Global rating
by patient

Pl (standard
4-point scale)

Dosing
regimen

Diclofenac
(drinkable),
50 mg
(n=35);
placebo
(n=30).

Diclofenac
potassium

PR (non-standard (sugar-coated),

4-point scale)
50% PR! (y/n)
Global rating

(4-point scale)
by patient

VASPL: ‘no

pain’ to ‘pain
could not

be worse’

PR (5-point
scale): none,
poor, moderate,
sufficient, total
Global rating
(non-standard
5-point scale) by
patient and by
observer

Pl (standard
4-point scale)
PR (standard
5-point scale)
Global rating
(5-point scale)
by patient

Pl (standard
4-point scale)
PR (standard
5-point scale)
Global rating
(5-point scale)
by patient

Pl (standard

4-point scale)
PR (standard
5-point scale)

50mg(n=>5I
diclofenac
sodium
(enteric-
coated),
50mg(n=>54
placebo

(n = 46).

b

)

Diclofenac
(dispersible),
50 mg
(n=83);
placebo
(n=82).

Diclofenac,
50 mg
(n=52);
diclofenac,
100 mg
(n=352);

Diclofenac,
50 mg
(n=353);
diclofenac,
100 mg
(n=352);
placebo
(n=52).

Diclofenac,
2Bmg(n=1);
diclofenac,
S0mg(n=17;
diclofenac,
100 mg (n="
placebo (n =7
NB: assumed
equal distri-
bution of 51 per
group (including
aspirin group).

)

Analgesic outcome
results

Diclofenac significantly
superior to placebo by

40 minutes (p = 0.001);
this continued for 6 hours.
TOTPI and SPID: diclo-
fenac significantly super-

Remedication

Patients allowed to
remedicate after

| hour. After
remedication

Pl = last score was
carried forward

ior to placebo (p < 0.0001). for all further

6-hour SPID: diclofenac
173 mm; placebo 32 mm.

Diclofenac potassium
significantly superior to
placebo for SPID,
TOTPAR, MAXPID and
MAXPAR (p < 0.001).
Diclofenac sodium
significantly superior to
placebo for SPID

(p = 0.023) and MAXPID
(p = 0.018). 6-hour SPID:
diclofenac potassium 7.8;
diclofenac sodium 5.3;
placebo 2.6.

Diclofenac significantly
superior to placebo for
TOTPAR and both global
ratings (p < 0.01).
6-hour TOTPAR:
diclofenac 15.45; placebo
8.85.

Both diclofenac doses
significantly superior to
placebo for PR at each
time point from | hour
onwards.6-hour TOTPAR
from graph: diclofenac,
50 mg, 12.1; diclofenac,
100 mg, 12.2; placebo
3.7.

Both diclofenac groups
significantly superior to
placebo for all time
points with regard to PR.
6-hour TOTPAR from
graph: diclofenac, 50 mg,
11.6; diclofenac, 100 mg,
14.3; placebo 3.3.

Al diclofenac groups
significantly superior to
placebo for PR from

| hour onwards. 6-hour
TOTPAR from graph:
diclofenac, 25 mg, 10.5;
diclofenac, 50 mg, 12.2;
diclofenac, 100 mg, 14.8;
placebo 3.6.

time points.

Patients allowed to
remedicate after

| hour. If they re-
medicated earlier
data excluded from
efficacy analysis.
After remedication
PR=0and Pl =
last score or
baseline (whichever
was greater) for

all further

time points.

Patients allowed to
remedicate after

| hour. If they
remedicated earlier
data excluded from
efficacy analysis.
After remedication
PR=0and Pl =
[ast score for all
further time points.

Patients allowed to
remedicate after

| hour. If they
remedicated earlier
data excluded from
efficacy analysis.
After remedication
patients discon-
tinued in study; no
information given on
how their data were
then handled.

Patients allowed to
remedicate after

2 hours. After
remedication PR
=0and Pl = last
score for all further
time points.

Patients allowed to
remedicate at

| hour, no
information given

as to how their data
were then handled.

Withdrawals
and exclusions

97 analysed.
Exclusions: 30 for
various protocol
violations.

151 analysed.
Exclusions: 26

did not require
medication, 3 lost
to follow-up.

245 analysed.
Exclusions: 9 did
not experience
severe pain, 2
remedicated
before | hour, |
completed diary
incorrectly.

209 analysed for
at least | efficacy
analysis. 194
analysed for
8-hour SPID and
TOTPAR.No
information given

on any exclusions.

There were no
exclusions.

252 analysed for
at least | efficacy
analysis. No
exclusions given
other than
remedicators.

Adverse effects

None serious reported; no
patient withdrew as a result.
Numbers reporting adverse
effects (number of effects):
diclofenac 6/35 (?); placebo
2/30 ().

None serious reported; no
patient withdrew as a result.
Numbers reporting adverse
effects (number of effects):
diclofenac potassium 3/51
(5); diclofenac sodium 1/54
(1); placebo 3/46 (3).

None serious reported; no
patient withdrew as a result.
Numbers reporting adverse
effects (number of effects):
diclofenac 4/83 (?); placebo
5/82 ().

All were gastrointestinal
except one in placebo group
(not defined); | withdrew
from diclofenac, 100 mg, for
nausea and vomiting.
Numbers reporting adverse
effects (number of effects):
diclofenac, 50 mg, 3/54 (!);
diclofenac, 100 mg, 2/55 ();
placebo 2/54 ().

None serious reported; no
patient withdrew as a result
of adverse events. Numbers
reporting adverse effects
(number of effects):
diclofenac, 50 mg, 2/53 (?);
diclofenac, 100 mg, 2/52 (?);
placebo 2/52 (1).

None serious reported; no
patient withdrew as a result
of adverse events. Numbers
reporting adverse effects
(number of effects):
diclofenac, 25 mg,5 (?);
diclofenac, 50 mg,4 (?);
diclofenac, 100 mg, 4 (!);
placebo 6 ().
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Number of patients
given active treatment

Diclofenac, 50 mg -

Diclofenac, 100 mg-

Diclofenac, 25 mg -3—4

50

324

154

NNT (95% Cls)

FIGURE 31 Dose response for diclofenac trials

placebo. The equivalent NNT for diclofenac,
100 mg, was 1.8 and for diclofenac, 25 mg, 2.6,
indicating a dose response although the Cls
overlapped (Table 31). With a fixed CER of 19%,
the CIs for the two higher doses overlapped
completely (Table 31; Figure 32).

Diclofenac is widely regarded as a more effective
NSAID than ibuprofen. These results do not
support this conclusion. When diclofenac, 50 mg,
and ibuprofen, 400 mg, were compared directly
there was no significant difference between them.
When compared with placebo, diclofenac, 50 mg,
and ibuprofen, 600 mg, had very similar NNTs with
complete overlap of Cls. Single trials of NSAIDs
have often reported flat dose-response curves,
typified by that for diclofenac presented in

TABLE 31 Summary of relative benefit and NNTs for trials of diclofenac versus placebo

Number Dose of Number of Number of RB - NNT NNT
of trials  diclofenac patients with patients with random effects (95% ClI) with 19% CER
(mg) >50% PR: >50% PR: model (95% CI)
diclofenac placebo (95% ClI)
I 25 23/50 5.8 (2.1-15.4) 2.6 (1.94.5) 3.9 (23-121)
6 50 203/324 57/312 43 (24-7.8) 2.3 (2-2.7) 2.3 (2-2.7)
3 100 100/154 7.2 (5.5-9.4) 1.8 (1.5-2.1) 2.2(1.8-2.8)
NNT
|
2 :
207
34
4 1376
5
6
10 100 1000 10,000

Oral dose (mg)

FIGURE 32 Dose response for diclofenac (o), ibuprofen (o) and paracetamol (o) using a fixed 19% placebo response rate. Numbers

indicate patients given active treatments
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Figure 32. With the advantage of the much larger
numbers of patients in this meta-analysis, the ‘true’
dose response for ibuprofen is shown (Figure 32),
with the interesting finding that higher doses

(> 1 g) of paracetamol also follow traditional
dose-response curve contours.

The issue of the relative efficacy of the two drugs
therefore comes down to dose (Figures 29, 31 and
32) and safety.” Ibuprofen, 400 mg, is one-sixth of
the maximum daily dose. Diclofenac, 50 mg, is one-
third of the maximum daily dose. This may explain
prescriber confusion.
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Chapter 10

Comparison of the analgesic efficacy
of NSAIDs given by different routes in
acute and chronic pain

Summary

The aim of this review was to test the evidence
for a difference in analgesic efficacy and adverse
effects of NSAIDs administered by different
routes. The relevant published RCTs were
comparisons of the same drug given by different
routes. Presence of internal sensitivity was sought
as a validity criterion. Analgesic and adverse
effect outcomes were summarised and
synthesised qualitatively.

In 26 trials (2225 patients analysed) eight different
NSAIDs were tested in 58 comparisons. In 15 trials
(58%) different routes for the same drug were
compared. Drugs were administered by intraven-
ous, intramuscular, intrawound, rectal and oral
routes in postoperative pain (14 trials), renal colic
(4), acute musculoskeletal pain (1), dysmenor-
rhoea (1) and rheumatoid arthritis (6). Five of
the 15 direct comparisons were invalid because
they reported no difference between routes but
without evidence of internal sensitivity.

In all three direct comparisons in renal colic,
intravenously administered NSAID had a faster
onset of action than intramuscular or rectal. In one
direct comparison in dysmenorrhoea, orally admin-
istered NSAID was better than rectal. In the five
direct comparisons in postoperative pain the results
were inconsistent. In one direct comparison in
rheumatoid arthritis intramuscular NSAID was
better than oral. Injected and rectal administration
had some specific adverse effects.

In renal colic there is evidence that NSAIDs act
quickest when given intravenously. This may be
clinically relevant. In all other pain conditions
there is a lack of evidence of any difference be-
tween routes. In pain conditions other than renal
colic, there is, therefore, a strong argument in
favour of giving NSAIDs orally rather than

by injection.

This chapter of the review has been published in
full by Trameér and colleagues.'

Introduction

Oral NSAIDs are an important component

of simple ‘low-technology’ pharmacological
control of both acute and chronic pain. Oral
NSAIDs can be surprisingly effective in patients
with moderate to severe postoperative pain.
Compared with placebo, oral ibuprofen, 400 mg,
will result in one in every three patients getting
at least 50% relief of pain over 6 hours.? This is a
high standard of effectiveness and one against
which more complicated methods of delivering
adequate analgesia have to be judged. Invasive
procedures like continuous extradural opiate
infusion, or PCA, carry recognised risks® and
may not be available or appropriate for the
majority of patients with acute or chronic

pain.

While oral NSAIDs can be effective, the advent
of rectal and injectable formulations has led

to a fashion for using these routes. This is
reflected in the US Agency for Health Care

and Policy Research Acute Pain Guidelines, in
which the options for postoperative pain include
systemic administration of NSAIDs with no
mention of the oral route.* There are clinical
circumstances in which use of the oral route is
not possible, such as patients who cannot swallow,
who are unconscious, nauseated or who have an
ileus. If NSAIDs are indicated for such patients,
then rectal or injectable formulations are the
only options. However, in the much commoner
circumstance of preoperative premedication

of conscious day-case patients who can swallow,
or in other acute and chronic pain conditions,
are there any reasons for using rectal or injected
formulations rather than oral? The reasons
could be greater efficacy, or similar efficacy

with fewer adverse effects. However, the evi-
dence for any such advantage over oral use

is unclear and, in this review, the existing
evidence from published reports of direct
comparisons of NSAIDs given by different
routes in both acute and chronic pain

is assessed.
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Methods

Full reports of published RCTs of direct com-
parisons of NSAIDs administered by different
routes and tested in acute or chronic pain with
pain outcomes were sought. A number of different
search strategies® were used to identify eligible
reports in MEDLINE (Knowledge Server®, Silver
Platter, 1966-96), EMBASE (1986-96) and the
Oxford Pain Relief Database (1950-93). The terms
‘NSAID’, ‘non-steroidal anti-inflammatory’, and
individual drug names were used in conjunction
with ‘postoperative pain’, ‘renal colic’, “*colic’,
‘intravenous’, ‘intramuscular’, and ‘rectal’ in
searching, including combinations and without
restriction in language. Additional reports were
identified from the reference lists of retrieved
reports, review articles and textbooks, by hand-
searching locally available anaesthesia journals,
and by contacting pharmaceutical companies with
licensed parenteral or rectal NSAID preparations.

Excluded reports

Abstracts, letters, review articles and use of topical
formulations (skin, mucous membranes, eye) or
intra-articular use were not considered. Unpublished
reports were not sought. Reports in which the
numbers of patients per treatment group were less
than ten were excluded. Authors were not contacted.

Included reports

Each report which could possibly meet the
inclusion criteria was read by at least two authors
independently and scored for inclusion and
methodological quality using a validated 3-item,
5-point scale.® Authors met to agree scores. Reports
which were described as ‘randomised’ were given

1 point, and a further point if the method of ran-
domisation was described and adequate (such as

a table of random numbers). There was a pre hoc
agreement that trials without concealment of treat-
ment allocation (allocation according to patient’s
date of birth, for instance) would be excluded from
further analysis because of the well-documented
risk of overestimation of treatment effects in such
trials.”® One point was given when the trial was
described as ‘double-blind’. When the method

of double-blinding was described and adequate
(double-dummy method, for instance), a further
point was given. Finally, reports which described
the numbers of and reasons for withdrawals were
given 1 point. Thus, the maximum score for an
included RCT was 5 and the minimum score was 1.

Data extraction and analysis
These trials compared drug efficacy across different
routes of administration. Therefore, the primary

focus was on trials which compared the same drug
given by different routes. Only such direct com-
parisons were regarded as relevant to this review.
Comparisons of different drugs across routes were
regarded as irrelevant and were not analysed.
Comparisons between NSAID and non-NSAID
controls (opioid, placebo) were not considered.

Each trial was checked for specific design details
with potential impact on trial validity. These details
were first, whether or not the design included
internal sensitivity measures, either a negative
control (placebo or no treatment) or at least two
dose levels of an active drug. There was a prior
agreement that trials which reported equivalence
(i.e. no difference) between routes but which had
no index of internal sensitivity would be regarded
as invalid and not considered for data synthesis.
Second, the extent to which blinding was protected
by using a double-dummy design was checked.
Finally, baseline pain intensity was recorded in trials
in which pain was treated (chronic pain settings,
for instance), and pain intensity without analgesic
intervention was recorded in prophylaxis trials
(such as postoperative setting).

Information on the clinical setting, inclusion
criteria, number of patients, study design, and
drugs, route and doses used was extracted from
the reports, together with information on analgesic
measurements and results, and adverse effects.
Analgesic efficacy was estimated by extracting data
of significant difference (p < 0.05, as reported in
the original trials) between NSAID arms. Relevant
outcomes were pain intensity at rest or on move-
ment, and additional analgesic consumption.
Quantitative analysis of combined data was pro-
posed. There was a prior hypothesis that there was
no clinically relevant difference between routes of
administration with NSAIDs and, specifically, that
the oral route would be no different from the
other routes of administration.

Results

A total of 26 RCTs (2225 patients analysed),
published between 1970 and 1996, were considered
eligible for the review (7able 32).

Of the 26 trials, 14 were in postoperative

pain (1268 patients),”* four in renal colic

(647 patients),”2° one in acute musculoskeletal
pain (77 patients),” one in dysmenorrhoea

(32 patients),® and six in rheumatoid arthritis

(201 patients).** Different doses of eight different
NSAIDs (diclofenac, ibuprofen, indomethacin,
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TABLE 32 RCTs comparing analgesic efficacy of NSAIDs administered by different routes

Study Quality Regimen:

score

(1-5)

Postoperative

Parke, et al, 5
1995°

Hyrkas, 2
etal, 1992

Ben-David, 2
etal, 1996

Campbell, |
etal,
199022

Jakobsson, 2
etal,
196"

Number
of patients

Setting
drug, dose,
route (no.

of patients)

[Bold: relevant
trials, i.e. same
drug across route]

Ketorolac, 113 Major

30 mgiv, + orthopaedic
saline i.m. (38) (moderate
Ketorolac, or severe
30 mgim,+ pain)

saline i.v. (38)

Saline im. +

iv.(37)

Diclofenac, 151 Third molar
50 mg p.o.
rapid + 100 mg
p.o. retard
premedication
(20 mins) (51)
Diclofenac,

50 mgim.+
100 mg p.o.
retard pre-
medication
(20 mins) (51)
Placebo (49)

Ketorolac, 90
30 mgim.
induction (14)
Ketorolac, 30 mg
i.w.induction (14)
Ketorolac 30 mg
i.v.induction (14)
Ketorolac, 30 mg
p.o. premedi-
cation (I hour)
(14)

No treatment (14)

Inguinal hernia
repair (local
anaesthesia)

Diclofenac, 160
| mglkg i.v.

induction (40)
Diclofenac,

I mglkg i.m.

induction (40)

Fentanyl, | pglkg i.v.
induction (40)

Saline i.m. induction (40)

Third molar

Diclofenac, 75 mg 200 Minor
i.m. premedication gynaecology
(10-20 mins) (50)

Diclofenac, 50 mg

p.o. premedication

(10-20 mins) (50)

Ketorolac, 30 mg i.m.

premedication

(10-20 mins) (50)

Saline, i.m. premedication

(10-20 mins) (50)

Double-
dummy

Pain outcomes Internal sensitivity

Index Given

[Bold: fulfilled
validity criteria
in relevant trials]

Time to onset of analgesia: ~ Placebo Yes Yes
NSD.

Time to first subsequent
analgesic: ketorolac i.v. =
i.m.> placebo.

Number achieving I-point
decrease of pain scale within
30 minutes: ketorolac im.

= placebo; iv. > placebo.
Patients’ rating: ketorolac
iv> placebo.

PR 0-8 hours

(VAS mean): diclofenac p.o.
and i.m. significantly better
than placebo.

Rescue analgesics:
significantly less needed in
diclofenac groups.

Placebo Yes Yes

Dipyrone at 90 minutes: No Yes No
im.2/14;iw.3/14;iv. treatment
1/14;p.0.7/14 (significant);  control
control 10/14.

Buprenorphine at

90 minutes:i.m., iw., iv, and

p.0.0/14; control 5/14.

VAS Pl supine/sitting

(90 minutes): i.m., i.w., and

i.v. significantly better than

p.o.and control.

Analgesic needs ‘nil” Placebo Yes No
diclofenac i.v. 14/40;

diclofenac i.m. 12/40;

fentanyl 3/40; saline 5/40.

VAS Pl (mean) at

30 minutes postoperatively

(60 minutes postinjection):

diclofenac i.v. significantly

better than all other groups.

No pain (discharge): Placebo Yes No
diclofenac i.m. 43/50 and

p.0. 34/50; ketorolac i.m.

44/50; placebo 34/50 (i.m.

NSAID vs. p.o. or placebo

significant difference).

No analgesics (discharge):

diclofenac i.m. 37/50 and

p.0.27/50; ketorolac i.m.

38/50; placebo 27/50.

Overall Adverse

efficacy effects

(> better than;

< worse than;

= similar)

iv.=im. No serious
adverse events.

p.o.+p.o.= Diclofenac p.o.

po.+im. 751
diclofenac i.m.
16/51; placebo
16/49.

im.=iv.=  Stated as none.

iw. > p.o.

iv.>im. Bleeding time
intra-operational
(30 minutes post-
injection):
significantly
increased with
i.m. diclofenac.
No other adverse
effects reported.

iim.>p.o.  Emesis:no
difference.
Anxiety:
significantly less
ini.m. groups.

No other adverse
effects reported.

continued
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TABLE 32 contd RCTs comparing analgesic efficacy of NSAIDs administered by different routes

Study Quality
score

(1-5)

Postoperative contd

Moore, |
etal,
1993"

Dennis, 3
etal,
1995

Lysak, 4
etal,
19946

Morrison, 3
etal, 19947

Morley- 3
Forster,
etal, 1993

Murrell, 2
etal, 199"

Roelofse, |
etal, 1993%

Regimen: Number
drug, dose, of patients
route (no.

of patients)

[Bold: relevant
trials, i.e. same
drug across route]

Diclofenac, 75 mg 32
i.m. postoperative

+75 mg/12 hours:

total 300 mg/

48 hours (16)
Diclofenac, 100 mg

p.r- postoperative

+ 100 mg/12 hours:
total 500 mg/

48 hours (16)

Diclofenac, [00mg 40
p.r. premedication

(1 hour) (20)

Ketorolac, 10 mg i.v.
induction (20)

Ketorolac, 60 mg 84
i.m. premedication

(30 minutes) (29)
Piroxicam, 40 mg

p.o. premedication

(90 minutes) (28)

Fentanyl, 100 pg i.v.
induction +2 x

25 pgiv.intra-

operative (27)

Paracetamol, 650 mg 60
p.0. postoperative

(30 minutes) (20)
Ibuprofen, 600 mg

p.0. postoperative

(30 minutes) (20)
Ketorolac, 60 mg i.v.

end of surgery (20)

Ketorolac, 30 mgim. 87
induction (31)
Indomethacin, 100 mg
p.r.induction (31)

Placebo i.m. and

pr.(25)

Indomethacin, 100 mg 137
pr. + saline im.

induction (38)

Ketorolac, 30 mg im.

+ placebo p.r.

induction (51)

Placebo p.r.and i.m.
induction (48)

Tenoxicam,20 mgiv. 25
intra-operative + 20 mg
p.o. postoperative (12)
Diclofenac, 75 mg i.m.
intra-operative + 50 mg
p.o. postoperative (13)

Pain outcomes

Index

[Bold: fulfilled
validity criteria

Internal sensitivity

Given

in relevant trials]

PI (VAS mean):im.vs.p.r., ~ No
NSD.

Analgesic consumption

(mean mg papaveretum):

NSD.

Pain after 24 hours (nilor ~ No
mild): ketorolac i.v. I 1/20;
diclofenac p.r. 14/20.

Activity restriction (none

or mild): ketorolac i.v. 12/20;
diclofenac p.r. 16/20.

PI (mild at discharge): No
ketorolac i.m. 90%;

piroxicam p.o. 97%;

fentanyl 63%.

Morphine required in
postanaesthetic care unit:
ketorolac i.m. 16/29;

piroxicam p.o. 25/28;

fentanyl 20/27.

VAS Pl at 5 hours: ketorolac  No
i.v. significantly better than
paracetamol and

ibuprofen p.o.

No additional analgesia at

5 hours: paracetamol 4/20;
ibuprofen p.o. 0/20;

ketorolac i.v. 13/20.

VAS Pl:significantly lower ~ Placebo
with NSAID at 15 and

90 minutes but not at

60 minutes (p.r. = i.m.).

No additional analgesics:

both NSAIDs significantly

better than placebo.

Analgesic use up to Placebo
180 minutes (fentanyl,
paracetamol/codeine): NSD.

VAS Pl:no difference at 30

and 60 minutes.

Post hoc significant differ-

ence between ketorolac

and placebo at 180 minutes.

VAS Pl: significantly lower  No
with diclofenac at 1,2 and
3 hours.

No

No

No

Yes

Yes

Yes

Double-
dummy

No

Yes

Yes

No

Yes

Yes

No

Overall Adverse
efficacy effects
(> better than;

< worse than;

= similar)

im.=p.r. im. 1/16;p.r.5/16

(2 diarrhoea).
iv.=pr. No adverse effects

reported.
i.m.=p.o. Ketorolac i.m.

7/29; piroxicam
p.o. 18/28; fentanyl
8/27.

iv.> po. Nausea: ketorolac
i.v. 0120, para-
cetamol 2/20,
ibuprofen 2/20.
No other adverse
effects mentioned.

pr=im Ketorolac i.m. 7/31;
indomethacin p.r.
9/31; placebo 8/25.

pr.=im. No difference in
frequency of
complaints of pain
at injection site.

(im.+p.o)> Discomfort due

(iv.*po) to i.m. injection:
13/13 with
diclofenac.

continued
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TABLE 32 contd RCTs comparing analgesic efficacy of NSAIDs administered by different routes

Study Quality

score

(1-5)

Postoperative contd

Rusy, et al, 2
19952
Wakeling, 4

et l, 19962

Renal colic

Muriel- 4
Villoria,
etdl, 19957

Nelson, |
et al, 1988%

Nissen, 3
etal,

19905
El-Sherif, 2

et al, 1990%

Regimen: Number  Setting
drug, dose, of patients

route (no.

of patients)

[Bold: relevant
trials, i.e. same
drug across route]

Ketorolac, | mg/kgiv. 50
induction (25)
Paracetamol, 35 mglkg
p.r.induction (25)

Tonsillectomy
(children)

Diclofenac, 100 mg p.r. 39 Third molar
premedication (I hour)

+ placebo p.o. (19)

Piroxicam, 40 mg p.o.

premedication (I hour)

+ placebo p.r. (20)

Renal colic
(VAS PI > 50)

Dipyrone, | gi.m. 302
+ placebo iv. (71)
Dipyrone, | giv.+
placebo i.m. (30)
Dipyrone,2 gi.v. +
placebo i.m. (76)
Dipyrone,2 gi.m.+
placebo i.v. (71)
Diclofenac, 75 mg
i.m. + placebo i.v. (32)
Diclofenac, 75 mg i.v.
+ placebo i.m. (22)

Indomethacin, 84 Renal colic
100 mg p.r. (47)
Indomethacin,

50 mgiwv. (37)

Indomethacin, 116 Renal colic
100 mg p.r. (63)
Indomethacin,

50 mgi.wv. (53)

Indomethacin, 50 mg 145 Renal colic
i.v. (44)

Diclofenac, 50 mg

i.m. (47)

Avafortan (dipyrone +

antispasmodic) i.v. (54)

Pain outcomes Internal sensitivity

Index Given

[Bold: fulfilled
validity criteria
in relevant trials]

‘Objective pain score’ (blood No No
pressure, crying, agitation,

movement, verbal report):

ketorolac > paracetamol at

2 hours. No difference at

30 minutes, | and 3 hours.

Additional analgesics up to

3 hours: morphine and

codeine, NSD; paracetamol:

significantly less with ketorolac.

Median time to rescue No No
analgesic: diclofenac

350 minutes; piroxicam

305 minutes (p > 0.05).

No analgesic after 8 hours:

diclofenac 2/19; piroxicam 6/20.

VAS Pl similar at any time.

Proportion of patients with ~ Dose Yes
> 50% improvement: response
significant differences

dipyrone,2 giv.>| giv.at

10 minutes; diclofenac, 75 mg
iv.> im.at 20 minutes;
dipyrone,2 giv.>2 gim.at
10 and 20 minutes; dipyrone,

I giv.> | gim.at 20 minutes.

VAS Pl at 10 minutes:i.v. No Yes
significantly lower than p.r;;

at 30 minutes, NSD.

Supplementary analgesics:

p.r. |6/47;i.v.8/37.

VAS Pl at 10 and 20 minutes:  No Yes
i.v. significantly lower than

p.r;;at 30 minutes, NSD.

Supplementary analgesics:

p.r. 17/63;iv.5/53

(p=0.03).

PR (‘complete’) after first ~ No Yes
dose at 30 minutes: indome-

thacin i.v. 37/44; diclofenac i.m.

31/47; avafortan 45/54.

NSAID i.v. significantly better

than i.m.

Double-
dummy

No

Yes

Yes

Yes

No

No

Overall Adverse

efficacy effects

(> better than;

< worse than;

= similar)

iv.=pr. Extra homeostatic
measurements:
significantly more
with ketorolac
(not related
to route).

p.0.= piL. Vomiting: piroxicam

3/20; diclofenac
0/19.

Nausea: piroxicam
2/20; diclofenac

119.
iv.>im;  iv:vomitingx |
iv.>im,;  (diclofenac).

i.m. drowsiness
x 3 (I dipyrone,
| g | dipyrone,
2 g | diclofenac);
drowsiness x

| (diclofenac).

iv.>im,

iv.>pr. 30/84 non-drug-
related with-
drawals (non-
retention of
suppositories
and others).
Drug-related: p.r.
8/47;iv. 18/37.

iv.>pr. i.v.44/53; p.r. 29/63

(p=003).

Indomethacin

i.v. 5/44; diclofenac
i.m. 3/44; avafortan
0/54.

iv.>im.

continued
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TABLE 32 contd RCTs comparing analgesic efficacy of NSAIDs administered by different routes

Study Quality
score

(1-5)

Regimen: Number
drug, dose, of patients
route (no.

of patients)

[Bold: relevant
trials, i.e. same
drug across route]

Acute musculoskeletal pain

Turturro, 5
et al, 19957

Dysmenorrhoea

Ylikorkala, 4
et al, 1980%

Rheumatoid arthritis

Dougados, 3
etal, 19927

Baber, 4
etal,
1980%

Hansen, 3
etal, 1984°"

Huskisson, 3
et al, 1970*

Ketorolac, 60 mg 77
i.m. + placebo p.o. (40)
Ibuprofen, 800 mg p.o.

+ placebo i.m. (37)

Crossover (n=32) 32
Naproxen, 500 mg

p.o. 6-hourly +

placebo p.r.

Naproxen, 500 mg
p.r.6-hourly +

placebo p.o.

Ketoprofen, 2 x 40
50 mg p.o. + placebo
i.m. (20)

Ketoprofen, 100 mg
i.m. + placebo

p.o.(20)

Crossover (n=13) 13
Placebo p.r. + placebo
po.for | week, then
Indomethacin,

100 mg p.r. + placebo
p.o.for | week
Indomethacin,

100 mg p.o. + placebo
p.r.for | week

Crossover (n=12) 12
Placebo p.r. + placebo
p.o.for 2 weeks, then
Indomethacin,

100-150 mg p.o. +
placebo p.r. for

2 weeks

Indomethacin, 100-

150 mg p.r. + placebo
p.o.for 2 weeks

Crossover (n=20) 20
Indomethacin,

100 mg p.r. + placebo
p.o.for days | and 3
Indomethacin,

100 mg p.o. + placebo
p.r.for days 2 and 4

Setting

Acute musculo-
skeletal pain
(treatment)

Primary
dysmenorrhoea

Rheumatoid
arthritis
(VAS PI > 40)

Rheumatoid
arthritis

Rheumatoid
arthritis

Rheumatoid
arthritis

Pain outcomes

Index

[Bold: fulfilled
validity criteria

Internal sensitivity

Given

in relevant trials]

VAS Pl 0-120 minutes:NSD ~ No
between ketorolac i.m. and
ibuprofen p.o.

No difference in number of ~ No
additional analgesics taken.
Spasmodic PR (score):

significantly better with p.o.

All other symptoms (score):

NSD. Patients” overall

assessment: NSD.

Decrease in VAS Pl, patients’  No
global judgement, maximum
decrease inVAS Pl after
treatment: p.o. better than

i.m. (NSD).

Delay until lowest pain

intensity: i.m. shorter than

p.o.(p <0.05).

Avrticular index, grip strength, No
pain score (analogue 0-9),
morning stiffness, digital joint

size, rescue analgesics
(paracetamol) and patients’
preference: NSD between

p.o.and p.r.

Morning stiffness and pain ~~ No
(Pl'on 50 mmVAS):

no difference between

p.r. and p.o.

Patients’ preference: p.o. No
significantly better than p.r.

No difference in pain, morning
stiffness, duration of stiffness.

No

Yes

Yes

No

No

No

Double-
dummy

Yes

Yes

Yes

Yes

Yes

Yes

Adverse
effects

Overall
efficacy
(> better than;
< worse than;
= similar)

Dyspepsia:
ketorolac 1/40;
ibuprofen 2/37.
Sedation: ketorolac
1/40; ibuprofen 0/37.
Dry mouth:
ketorolac 0/40;
ibuprofen 1/37.

im.=p.o.

p.o.>p.r. p.r.irritation
after naproxen
suppositories:

232,

im.>p.o.  Active p.o.(6/20):
3 nausea,

| vomiting,

| indigestion,

| diarrhoea,

| headache,

2 vertigo,

| dyspnea.
Active i.m. (5/20):
| headache,

2 somnolence,

| pruritus,

| vertigo.

po.17/13,
pr:11/13.
Diarrhoea: 4/13 p.r.
Indigestion: 5/13
p.o, 213 pur.

po.=pr.

Endoscopy: equal
amounts gastric
mucosal damage.
p.r.discomfort

with suppositories:
8 p.o.active + pir.
placebo; 7 p.r. active
+ p.o. placebo; 7
p.o.and p.r. placebo.

po.=pr.

Nausea, anorexia,
epigastric dis-
comfort: p.o. 2/20;
p.r.2/20.

p.O.= pIL.

continued
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TABLE 32 contd RCTs comparing analgesic efficacy of NSAIDs administered by different routes

Study Quality Regimen: Number  Setting
score  drug,dose, of patients
(1-5)  route (no.
of patients)

[Bold: relevant
trials, i.e. same
drug across route]

Rheumatoid arthritis contd

Iversen, 4
etal, 1981

Crossover (n=22) 22 Rheumatoid
Indomethacin SR, arthritis

75 mg p.o. + placebo

p.r.for 2 weeks

Indomethacin,

Pain outcomes

Day and night pain (4-point ~ No No Yes p.o.= pr.
scale), morning stiffness

(minutes): NSD.

Conventional grip strength:

p.r.significantly better than

Internal sensitivity Double-  Overall Adverse
dummy efficacy effects
(> better than;
< worse than;
= similar)
Index Given
[Bold: fulfilled

validity criteria
in relevant trials]

p.o. (5): headache,
dizziness, loose
bowel motions’,
stomach pain.

p.r. (8): headache,

100 mg p.r. + placebo p.o. (6 mm). ‘loose bowel

p.r. for 2 weeks motions’.
Uddenfeldt, 4 Crossover (n=94) 94 Rheumatoid ~ Morning stiffness (duration):  No No Yes po.=pr p.r.irritation:
etal, Ketoprofen CR, 200 mg arthritis p.o. significantly better than p.r. indomethacin 7/94.
1993* p.o.+ placebo p.r. for Awakenings during night: p.r. Gastro-intestinal

3 weeks significantly better than p.o. problems: keto-

Indomethacin, 100 mg NSD in pain on awakening profen 40/94;

p.r. + placebo p.o.for (VAS), articular index, patients’ indomethacin

3 weeks and doctors’ assessment 28/%4.

(7-step scale), rescue analgesics.

ketoprofen, ketorolac, naproxen, piroxicam,
tenoxicam), given by intravenous, intramuscular,
intrawound, rectal and oral routes, were tested in
58 single-dose or multiple-dose comparisons.

The median quality score of all trials was 3 (range
1-5). Quantitative analysis was not considered
appropriate because of the variety of clinical
settings, drugs, doses, routes and pain outcomes
reported. Instead, any statistically significant differ-
ence between treatments was extracted from the
original reports and documented in table format as
had been done previously for other qualitative
systematic reviews.”>* A ‘vote counting’ procedure
was then agreed, giving positive or negative votes if
there was evidence of presence or absence, respec-
tively, of a significant difference between routes.

In all, 15 trials (58% of all analysed trials) were
relevant to this review because the same drug
was compared by different routes of administra-
tion.142-25.28-3% Ty nine of them (35% of all
trials), the same drug was compared at the
same dose'9,11,12,23,28—32

In five of the 15 relevant trials equivalence was
reported between routes but there was no index
of internal sensitivity.'***® These trials were not,
therefore, analysed further.

Of the ten relevant trials in which a significant
difference between routes was reported, or equi-
valence was reported but with an index of internal

sensitivity (i.e. which were valid), five were in
postoperative pain,”" three were in renal colic,
one was in dysmenorrhoea,” and one was in
rheumatoid arthritis.”® Six of them used a
double-dummy design ?10-2%2428.29

23-25

Postoperative pain

Of 14 trials in postoperative pain, five were valid
direct comparisons. They compared diclofenac or
ketorolac across routes.

In one trial, diclofenac, 1 mg/kg injected
intravenously at induction of anaesthesia, led to
significantly lower pain intensity scores 30 minutes
after surgery than the same dose given intramuscu-
larly at induction.'? In two other trials no difference
was found between ketorolac, 30 mg, given either
intravenously or intramuscularly at induction.”!! In
one of these trials, inguinal hernia repair was per-
formed under local anaesthesia with very low pain
scores during the postoperative observation period
whether or not an NSAID or no treatment was
given.!! In the same trial, both intramuscular and
intravenous ketorolac, 30 mg, at induction led to
significantly lower pain scores and less rescue
analgesics at 90 minutes after surgery than the same
dose taken orally but 1 hour before surgery.! Group
sizes in this trial were small (i.e. 14 patients per
group) and it was not of double-dummy design.

In another trial with larger groups (50 patients per
group) but, again, not of double-dummy design,
less pain and rescue analgesics at discharge were
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reported with diclofenac, 75 mg, intramuscularly
compared with the same drug given orally but at a
lower dose (50 mg)." In yet another trial, diclo-
fenac, 150 mg, taken orally was compared with
diclofenac, 50 mg, intramuscularly plus 100 mg
orally.'” The drugs were given as premedication
using a double-dummy design, and group sizes
were large (50 patients per group). No difference

was found between the two forms of administration.

Renal colic

Of four trials in renal colic, there were three valid
direct comparisons.”* Dipyrone, diclofenac, and
indomethacin given by different routes were com-
pared. Two were of double-dummy design.?* In
one, baseline pain before treatment was started
(at least 50 mm on a 100 mm VAS) was defined.?®
Group sizes in these three trials were between

22 and 76 patients.

In one trial, pain relief was tested with dipyrone,

1 g or 2 g, and diclofenac, 75 mg, given intra-
muscularly compared with intravenously.” At

10 and 20 minutes after administration, the pro-
portion of patients with at least 50% improvement
was significantly in favour of the intravenous route
with each drug and dose.

In the two other trials, intravenous indomethacin,
50 mg, was compared with the same drug given
rectally but at double the dose.?** Despite the
intravenous dose being only half the rectal dose,
significant improvement (less pain intensity, fewer
rescue analgesics) was reported for the intravenous
compared with the rectal route. Again these differ-
ences were apparent only at 10 or 20 minutes
post-administration.

Dysmenorrhoea

Only one trial in dysmenorrhoea was found.?
This crossover trial in 38 patients compared oral
with rectal naproxen, both 500 mg at 6-hourly
intervals, using a double-dummy design. Relief
of spasmodic pain was significantly better with
the oral route.

Chronic pain

Six trials in rheumatoid arthritis were found.

Five of them were direct comparisons but only
one small trial using a double-dummy design with
20 patients per group was valid.* Patients with
defined baseline pain (at least 40 mm on a 100 mm
scale) receiving ketoprofen, 100 mg, intramuscu-
larly reported a significantly shorter delay until
the lowest pain intensity score was achieved than
patients receiving the same dose of the same
drug orally.

Other pain conditions
No direct comparisons from other pain conditions
were found.

Adverse effects

Commonly reported adverse effects independent
of the route of administration were nausea, vomit-
ing, dizziness, drowsiness, sedation, anxiety, dys-
pepsia, indigestion, and dry mouth (Table 32). Two
studies reported bleeding time changes.'*?' In

12 patients with rheumatoid arthritis treated for

2 weeks with indomethacin, 100-150 mg orally and
rectally, respectively, in a study of crossover design,
endoscopically diagnosed gastric mucosal damage
was independent of the route of administration.*!

Adverse effects related to the route of adminis-
tration were most often reported for intramuscular
and rectal regimens (7able 32). Discomfort at the site
of injection'®® was the most frequent complaint
relating to intramuscular injections. After rectal
administration, diarrhoea,'** rectal irritation,?3"-3*
and non-retention of suppositories** were reported.

Comment

Many doctors use injected or rectal NSAIDs when
the oral route could be used. This is despite advice
to use the least invasive route possible, with the
statement that no study has specifically compared
the analgesic efficacy of alternative routes of the
same drug.” Reasons for preferring injected or
rectal formulations when the oral route could be
used might be greater efficacy or faster onset of pain
relief. The safety argument would be that these effi-
cacy benefits were achieved at no greater (or accept-
ably greater) level of adverse effects. Patients may
prefer oral to rectal dosing.®™ There are also legal
ramifications, because of the obligation for consent
if drugs are given rectally while a patient is asleep.”

Using evidence from systematically searched
published reports of RCTs with direct comparisons,
we wanted to compare the benefits and risks of
NSAIDs given by different routes in acute and
chronic pain. Systematic reviews are powerful instru-
ments to gain more insight in treatment efficacy and
harm. Ideally, dichotomous outcomes would be
extracted from original reports and combined using
biostatistical methods. In some circumstances, dich-
otomous data may be extracted from measurements
which were originally not binary outcomes.*

However, such quantitative analysis was not
possible because of the variety of clinical settings,
drugs, doses, routes and pain outcomes reported.
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Systematic reviewers then have to rely on
statistically significant results as reported in

the original reports and apply a vote-counting
procedure.® It is obvious that such a qualitative
approach is vulnerable to bias. Vote counting take
no account of the size of the trial or of the size of
any difference in effect. In such analyses, pre-set
validity criteria become especially important in
order to minimise the risk of bias.”

These trials highlighted different methodological
problems affecting the validity of the trials.

First, if the null hypothesis was that there was no
difference between the routes, comparisons of
the same drug given by different routes might be
expected. It might be desirable to concentrate
only on comparisons of the same drugs at the
same dose. However, only about half of these trials
compared the same NSAID across routes, thus
addressing what was regarded as the clinically
relevant question. Only one-third of all trials would
have satisfied stricter validity rules (i.e. direct
comparison of the same drug at the same dose).

Second, the classical approach to design of
analgesic trials is to build in an index of internal
sensitivity, either by using a placebo (or no treat-
ment) control, or by including a high and a low
dose of a standard analgesic to establish a dose—
response relationship. What such designs seek to
achieve is a defence against equivalence of treat-
ments. Lack of internal sensitivity is a key issue in
equivalence trials.* This has been shown in syste-
matic reviews of analgesic trials.*® Without such
controls, equivalence in a comparison of two or
more drugs may mean that the methods of measur-
ing pain or its relief failed in that study, rather than
that this was a true negative result of no difference
between the analgesic effect of the drugs. Power
calculations cannot be a defence against methodo-
logical failure. Only a positive result (significant
difference) despite the lack of negative controls is
an adequate vindication of such methods.

Eight (31%) of the 26 trials has a method built in
that ensured internal sensitivity in the form of a
placebo control,*1%!12131819 3 no-treatment control,'!
or two dose levels of the same drug given by the
same route.” Five direct comparisons reported
equivalence between routes but had no index of
internal sensitivity. These trials were, therefore,
invalid and were excluded from further analysis.

Third, although all these trials were, by definition,
comparisons of NSAIDs given by different routes,
only 17 (65%) were of double-dummy design. The

blinding of the other trials must be questioned. In
trials with deficient blinding, the therapeutic effect
may be exaggerated.” While all trials in rheumatoid
arthritis used a double-dummy technique, this was
true for only half of the surgical trials. An extreme
example was the comparison of an oral drug given
1 hour before surgery with the same drug given by
injection at induction." This trial did not use a
double-dummy method and reported better
analgesic efficacy for the parenteral route
compared with the oral.

Finally, a pre hoc defined pain intensity, sufficient to
provide measurable change after study treatment,
was reported in only a minority of trials measuring
pain relief.%** Very low pain intensity scores
independent of the treatment were reported in
some trials where pain was meant to be prevented,
such as in a surgical setting. If there is no pain,
analgesia cannot be measured. A pain trial without
an adequate baseline pain intensity is not a

valid assay.®

Applying our rules of validity to these 26 trials
revealed that only 15 (58%) of all systematically
searched trials were relevant to this review (i.e.
investigated the same drug given by different
routes). Five of them had to be excluded because
their results could not be interpreted (i.e. they
reported equivalence but had no index of internal
sensitivity). This meant that only ten trials (38% of
all trials) could be analysed, and only six of them
were of double-dummy design. In renal colic, there
was evidence from three valid direct comparisons
that the intravenous route acted significantly faster
than the rectal or intramuscular route. Although
this difference was only evident during the first

10 to 20 minutes, the faster onset of action is likely
to be clinically relevant in this specific setting. In
the only trial in dysmenorrhoea, one outcome
measurement indicated that oral NSAID may be
better than rectal. In one trial in rheumatoid
arthritis, one isolated endpoint suggested that
intramuscular ketoprofen may be superior to

oral; however, the clinical utility of this is unclear.
Finally, in the surgical setting, results were far
from being conclusive.

Reporting of adverse effects was generally poor
and mostly not related to route of administration.
Rectal and intramuscular routes were most likely to
have specific local adverse effects. These have to be
taken into account when the advantages of one
route over the other are discussed.

With the exception of the renal colic setting,
these trials constitute a lack of evidence for any
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difference rather than evidence of lack of
difference between NSAIDs given by different
routes. This is not just semantics; if there is ade-
quate evidence of a lack of difference then practice
should change, reverting to the safest and simplest
option, the oral route. If there is a lack of evidence
(rather than evidence of a lack of difference), then
aresearch agenda is set, to determine whether or
not there is any clinical advantage of one route
over another. It could be argued that patients
should again receive the safest and simplest option
unless they agree to participate in a randomised
comparison of different routes of administration.
The research agenda should be to design simple
comparisons of the same drug at the same dose
across route, with validity and, ideally, with stand-
ardised outcome measures in the various studies

to make combined quantitative analysis possible.

It does not seem right that over 2200 patients have
already participated in trials over the past 26 years
and, yet, for the majority of clinical settings we still
cannot answer the simple question, ‘Is it better to
give NSAIDs by injection or suppository than to
take them orally?’
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Chapter | |
Topically-applied NSAIDs

Summary

In this chapter the effectiveness and safety of
topical NSAIDs in acute (soft tissue trauma, strains
and sprains) and chronic pain conditions (osteo-
arthritis, tendinitis) are assessed. In all, 86 RCTs
involving 10,160 patients were found. Measures
approximating at least 50% pain relief, local and
systemic adverse effects were extracted. Analysis was
undertaken at 1 week for acute and 2 weeks for
chronic conditions using relative benefit and NNT.

In acute pain conditions, placebo-controlled trials
had a relative benefit of 1.7 (95% CI, 1.5-1.9) and
an NNT of 3.9 (95% CI, 3.4-4.4). Analysing by drug
(at least three trials), ketoprofen (NNT 2.6), fel-
binac (3.0), ibuprofen (3.5) and piroxicam (4.2)
had significant efficacy. Benzydamine and indo-
methacin were not distinguished from placebo.

In chronic pain conditions, placebo-controlled
trials had a relative benefit of 2.0 (95% CI, 1.5-2.7)
and an NNT of 3.1 (95% CI, 2.7-3.8). Small trials
(< 40 treated patients) exaggerated the effective-
ness of topical NSAIDs in acute conditions only
(by 24%). There was no relationship between

trial quality and treatment effect.

In both acute and chronic pain, local and systemic
adverse events and drug-related study withdrawal
had a low incidence and were no different from
placebo. Topical NSAIDs are effective in relieving
pain in acute and chronic conditions.

Introduction

Some topical NSAIDs are available without
prescription and are widely advertised for acute
and chronic painful conditions. In the UK, some
20-24 million (predominantly oral) NSAID pre-
scriptions are written each year, 5% of total NHS
prescriptions, with many more available without
prescription. The attributable risk of going to
hospital with gastrointestinal problems is between
1.3% and 1.6% annually for regular users of oral
NSAIDs.! This raises the question whether using
oral NSAIDs is worse than the disease for some
patients.? Despite licensed status there is scepticism
that topical NSAIDs have any action other than as

rubefacients.>® This systematic review was
undertaken to examine the evidence that topical
NSAIDs are effective and safe, and to determine
whether there is evidence of differences between
topical preparations.

Methods

Reports were sought of RCTs of topical noNSAIDs
in which pain was an outcome. Reports were in-
cluded which compared topical NSAID (s) with
placebo, with another topical NSAID, or with an
oral NSAID. A number of different search strategies
in MEDLINE (1966-September 1996), EMBASE
(1981-September 1996) and the Oxford Pain
Relief Database (1950-94)* were used to locate
reports, using individual drug name (generic and
proprietary), together with the words ‘administra-
tion’, ‘topical’, ‘gel’, ‘ointment’, ‘aerosol’, ‘cream’,
and combinations of these, without restriction on
language. Additional reports were identified from
the reference lists of retrieved reports and review
articles. Librarians and medical directors of 12
pharmaceutical companies in the UK identified as
marketing topical NSAIDs were asked for reports of
RCTs of their products, including any unpublished
reports. Abstracts were not sought. Authors were
not contacted.

RCTs of NSAIDs with pain as an outcome in acute
conditions (strains, sprains, sports injuries) or
chronic conditions (arthritis, rheumatism) were
included. Those in vaginitis, oral or buccal con-
ditions, thrombophlebitis or experimental pain
settings were not.

Reports were screened by two members of the team
to eliminate those without pain outcomes, which
were definitely not randomised, or were abstracts
or reviews. Each report which could possibly be
described as an RCT was read independently by
each of the authors and scored using a 3-item, 1-5
score, quality scale.” Consensus was then achieved.
The maximum score for an included RCT was

5 and the minimum 1.

Information about treatment(s) and control(s),
condition studied, number of patients randomised
and analysed, study design, observation periods,
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outcome measures used for pain or global
evaluation, analgesic outcome results, local skin
irritation, systemic adverse effects and study
withdrawal because of adverse effects was taken
from each report by authors meeting to concur.

A clinically relevant outcome was defined as at least
50% pain relief. Only information that was avail-
able in dichotomous form was used for analysis.

A hierarchy of measures was used for extraction
which approximated, in this order of preference:

(i) patient global judgement (excellent/good)

(ii) pain on movement (no pain/slight pain)

(iii) spontaneous pain or pain at rest (no
pain/slight pain)

(iv) physician global judgement (excellent/good)
if defined against a stated scale.

The denominator was taken as the number of
patients randomised, that is an intention-to-treat
analysis. For acute conditions the effectiveness
measure nearest to 1 week after start of treatment
was taken and, for chronic conditions, 2 weeks.
Prior hypotheses were that topical NSAIDs were
no better than placebo and that there were no
differences between them.

The scatter of success rates with topical NSAIDs
against success rate with placebo® was used as a
graphical means of exploring the consistency of
efficacy and the homogeneity of the data. On such
plots a scatter lying predominantly between the line
of equality and the axis of the active intervention
(topical non-steroidal) would suggest consistent
efficacy with the intervention and relative
homogeneity.

Relative risk or benefit with 95% CI was calculated
for pain data using a random effects model”
because the results were heterogeneous. Hetero-
geneity was assumed when p > 0.1. This was per-
formed by pooling all data, by pooling data for an
individual drug where there were at least three
trials and, for sensitivity analysis, by quality score
and treatment group size. A fixed effect model®
was used for the (homogeneous) adverse effect
data. A statistically significant improvement over
control was assumed when the lower limit of the
95% CI of the relative benefit was > 1. NNTs and
95% ClIs were calculated for effect data.”'” The
NNT indicated how many patients with acute or
chronic pain have to be treated with topical
NSAIDs for one of them to achieve at least 50%
pain relief who would not have done with placebo.
A significant difference between NNTs was
assumed when CIs did not overlap.

Results

The literature searches found 86 reports

(10,160 patients) which fulfilled the inclusion
criteria, 76 of which had dichotomous pain
outcomes, including three unpublished reports
with 1695 patients from a pharmaceutical company.
The number of reports, patients, and the distri-
bution of quality scores divided by acute or
chronic, both placebo and active drug controlled,
is shown in Table 33. Over 75% of placebo-
controlled trials had quality scores of 3 or more.
Conversely, 60% of active drug controlled trials
had scores of 2 or less. Full details of trial design,
outcome measures, and results are presented in
Tables 34-37.

TABLE 33 Number of reports, patients and the distribution of
quality scores

Trials Number Number Quality score
of patients (1-5)

1 2 3 45
Acute pain
placebo-controlled 37 3556 I 6 1013 7
Acute pain active
drug controlled 24 4171 411450
Chronic pain
placebo-controlled 13 16l 03550
Chronic pain active
drug controlled 12 1272 25320

Acute conditions

In all, 37 reports of 40 placebo-controlled trials of
topical NSAIDs were found (see Tables 34 and 35).
The mean size of group treated with topical drug
was 47 patients (median 32). Studies were con-
ducted in recent soft tissue injury, sprains, strains
or trauma. Dichotomous pain outcomes were
available for 1747 patients on active drug treatment
and 1492 on placebo. An additional 24 reports

of 24 trials compared different topical NSAIDs

or formulations or route of administration in
4171 patients. In three studies, a topical NSAID
was compared with oral; one such study also had
a placebo control.

Relative benefit and 95% Cls are shown for each
placebo controlled trial in Figure 33. Of the 37
comparisons, 27 showed statistical superiority for
topical NSAIDs over placebo. The scatter of the
proportion of patients with at least 50% pain
relief with topical NSAID or placebo is shown in
Figure 34. Of the 37 comparisons, 36 were in the
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TABLE 34 Placebo-controlled trials in acute painful conditions: trial design, outcome measures and results

Study Drug(s) Condition Numbers, Dosing Outcome Analgesic outcome Skin irritation  Drug-related Quality
study design  regimen measures results withdrawals and  score
and follow-up adverse effects

Airaksinen, Ketoprofen, Acute soft tissue ~ n =56 5 g twice |.VAS Pl on rest 1. Overall significant 5/29 ketoprofen; ~ Withdrawals: 029 2

etal, 1993  2.5% gel;placebo injuries, < | week  parallel group  daily and movement reduction in pain at 4127 placebo. ketoprofen; 0/27

gel 0,3,7 days 2. Patient and rest with ketoprofen placebo.Adverse
investigator (NSD for placebo). effects: 1/29
global rating 2. Significant difference ketoprofen;
(p < 0.05) in number 029 placebo.

of patients improved
(atient global): 24/29
ketoprofen; 14/27 placebo.

Akermark, Indomethacin, 1%  Repetitive sports ~ n=70 Indomethacin  |.Improvement |. Indomethacin spray 4123 indomethacin  Withdrawals: 1123 5
etal, 1990  spray;indomethacin, injuries parallel group  spray,0.5- VAS showed significant improve-  spray; 0/23 indomethacin spray;
oral; placebo, double-dummy  [.5mlthree  2.Physician global ~ ment (p < 0.05) days 3 and 7. indomethacin oral; 1/23 indomethacin
spray/oral 3,7, 14 days to five times  5-point scale 2. Marked improvement 0/24 placebo. oral; 0/24 placebo.
daily; 3.Painonmove-  or symptom free at | week: Adverse effects:
indomethacin  ment, palpation, 10/22 indomethacin spray; 4123 indomethacin
3x25mg activity, 4-point 5/23 indomethacin oral; spray; 10/23
tablets scale 3/24 placebo. indomethacin oral;
3. Marked improvement or 0/24 placebo.

symptom free at 2 weeks:
16/22 indomethacin spray.

Aoki,etal, Piroxicam,0.5% gel; Acute orthopaedic  n =252 | g3-4times  Multiple outcomes: . Significant difference in 1/84 piroxicam; ~ Withdrawalsand 4
1984 indomethacin, 1% trauma multicentre, daily |. Overall overall improvement 2/84 indomethacin; adverse effects: 0/84
gel; placebo, gel parallel group improvement (b <0.05), piroxicam best.  2/84 placebo. piroxicam; 0/84
0,3,7 days patient 2.Improvement day 7: indomethacin; 0/84
2.PI-movement, piroxicam significantly better placebo.
spontaneous than placebo (p < 0.01).

3. Patients better or much
better: 56/84 piroxicam;
41/84 indomethacin;

33/84 placebo.
Auclair, Niflumic acid, 2.5%  Achilles heel n=243 Sggelthree  I.Pain (VAS) on 1. Significantly more pain 5/123 niflumic Adverse effect 3
etal, 1989  gel; placebo, gel tendinitis of recent  parallel group  times daily palpation reduction than placebo. acid; 6/116 withdrawal: 1/123
origin 7,21 days 2Pl 2.Pain on dorsiflexion placebo. niflumic acid; 0/1 16
at dorsifexion disappeared or improved: placebo.

3.Global patient ~ 75/117 niflumic acid;
69/110 placebo.
3. Global very good/good :
69/117 niflumic acid;
54/109 placebo.

Baracchi,  Ibuprofen, [0% Acute soft tissue ~ n =40 Twice daily |. Categorical 1. Ibuprofen significantly No report of Well tolerated. 4
etal, 1982  cream;placebo, trauma parallel group spontaneous pain,  better than placebo (for local effects.
cream 3,5,7,10,12, pain on movement  spontaneous pain, p < 0.001).
14 days and pressure 2.Global (good or excellent
2. Investigator response): 17/20 ibuprofen;
global 3/20 placebo.
Campbell & Ibuprofen, 5% Acute ankle sprain, n =100 4inches four  VAS on rest and 1. Ibuprofen better than Not reported. Withdrawals:0/50 4
Dunn, 1994  cream; placebo, <24 hours parallel group  times daily movement placebo on days 2 and 3. ibuprofen; 0/50
cream 2-week diaries 2.Improved walking ability placebo. Adverse
at day 7:21/50 ibuprofen; effects: 1/50
19/50 placebo. ibuprofen; 0/50

placebo. 55/100
returned diaries.

Candela,  Ketoprofen, gel; Traumatic sport n=30 Twice daily CAT scales, pain 1. Ketoprofen better Not reported. Not reported. |
etal, 1986 placebo, gel injuries parallel group on pressure, on than placebo.
5,10, 15 days movement, 2. Better/much better at
functional limitation  day 10: 10/15 ketoprofen;
2/15 placebo.
Chaterjee, Benzydamine,3%  Soft tissue injuries  n =5l Three times VRS pain - |. Benzydamine better than  Not reported. Withdrawalsand 4
1977 cream; placebo, parallel group  daily spontaneous, placebo at 6 days spontane- adverse effects: 0/25
cream 6 days pressure, movement ous pain, pressure, movement. benzydamine; 0/25
2.None or slight pain on placebo.

movement on day 6:21/25
benzydamine; 12/25 placebo.

continued
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TABLE 34 contd Placebo-controlled trials in acute painful conditions: trial design, outcome measures and results

Study

Diebshlag,
1986

Diebshlag,
etal, 1990

Diebshlag &
Knocker,
1987

Dreiser,
1988

Dreiser,
1989

Dreiser,
etal, 1990

Dreiser,
etal, 1994

Fantato & de
Gregorio,
1971

Frahm,

1993

Fujimaki,
etal, 1985

Haig, 1986

Julien, 1989

Drug(s)

Diclofenac, gel;
placebo, gel

Ketorolac, 2% gel;
etofenamate, 5% gel;

placebo, gel

Salicyclic acid, Ankle sprain,
ointment; placebo, <48 hours
ointment

Ibuprofen, 5% cream; Acute tendinitis,

placebo, cream < | month

Ketoprofen, 5% gel;
placebo, gel

Niflumic acid, 2.5%
gel; placebo, gel

Furbiprofen, patch  Ankle joint pain

40 mg; placebo, after post-traumatic
patch strain
Benzydamine,3%  Oedema and

cream; placebo,
cream

Salicylic acid, cream
2%; placebo, cream

Piroxicam, 0.5% gel;
indomethacin, 1% gel;
placebo, gel

Benzydamine, 3%
cream; placebo,
cream

injuries

Ketoprofen, 0.5% gel; Tendinitis
placebo, gel

Condition

Ankde sprains

Acute ankle sprain

Simple sprains

Uncomplicated
ankle sprains

post-traumatic pain

Acute knee or
ankle sprains

Musculoskeletal pain

Acute soft tissue

Numbers,
study design
and follow-up

n=20
crossover
2x | week

n=37
parallel group
2,3,4,8, 14 days

n=80
parallel group
2,3,4,8,15 days

n=64
parallel group
7 days

n=60
parallel group
7 days

n=60
parallel group
7 days

n=131
parallel group
7 days

n=52
parallel group
6 days

n=156
parallel group
9 days

n=271
multicentre,
parallel group
7 days

n=43
parallel group
2,4,6 days

n=60
parallel group
7 days

Dosing Outcome
regimen measures
Ad libitum 1.Ankle joint
volume measurement
LVASPI
3 g three times  |.Ankle joint
daily volume measurement
LVASPI
[0-15 cm |.Ankle joint
ointment volume measurement
twice daily 2.VAS pain on rest
and movement
4cmcream  VAS pain on rest,
three times ~ pressure, movement
daily

5 cm twice daily VAS Pl on rest,

movement, patient

global
Sggelthree  VAS Pl,investigator
times daily Pl, patient and

investigator global

Two patches
daily pain by patient

Three times  |.4-point verbal
daily rating

2.Investigator global

with CAT scale

10.cm cream  VAS Pl on movement

twice daily and at rest

| g three times |.4-point verbal

daily rating scale pain on
rest and movement
2. patient global

Six times daily ~ 4-point verbal rating
scale — spontanous
pain and pain on
movement

5 cm twice | Patient VAS Pl on

daily rest and movement
2. Overall patient

assessment

VAS spontaneous

Analgesic outcome
results

Reduced swelling and less
pain with diclofenac.

|. Ketorolac better than
placebo and etofenemate.
2.Improved by day 3:0/12
placebo; I 1/13 ketorolac;
6/12 etofenamate.

Salicylic acid better than
placebo for all measures.

. Ibuprofen better than
placebo (p < 0.01).

2. Global improvement:
26/32 ibuprofen; 13/28
placebo.

Global improvement:
18/30 ketoprofen;
530 placebo.

Patient global (improved
or healed): 23/30 niflumic
acid; 10/30 placebo.

Mean VAS significantly lower
with furbiprofen. Pain better
than moderate at day 7:
53/64 furbiprofen; 52/66
placebo.

1. Benzydamine better
than placebo.

2.2 50% fall in symptom
score: 22/26 benzydamine;
14/26 placebo.

VAS P significantly less on
day 9 for salicylic acid
cream.

1. Both active treatments
better than placebo in
producing marked
improvement.

2. Overall improvement
better or much better:
44192 piroxicam; 44/90
indomethacin; 40/89 placebo.

. Pain on movement
improved on day 6:NSD -
18/21 benzydamine;

13/22 placebo.
2.Spontanous pain improved
on day 6:significantly differ-
ent - 20/21 benzydamine;
14/22 placebo.

Overall patient assessment
(recovery, improvement) on
day 7:25/30 ketoprofen;
13/30 placebo.

Skin irritation

Not reported.

1113 ketorolac;
1/12 etofenamate;
0/12 placebo.

Not reported.

0/32 ibuprofen;
0/32 placebo.

0/30 ketoprofen;
1/30 placebo.

3/30 niflumic
acid; 1/30 placebo.

Not reported.

Not reported.

0/78 salicylic acid;
0/78 placebo.

1192 piroxicam;
6/90 indomethacin;
2/89 placebo.

021 benzydamine;
0/22 placebo.

130 ketoprofen;
0/30 placebo.

Drug-related Quality
withdrawals and score
adverse effects

Withdrawalsand 3
adverse effects: 020
diclofenac; 0/20
placebo.

Withdrawals and 4
adverse effects:

0/12 placebo; 0/13
ketorolac; 0/12
etofenamate.

Withdrawalsand 5
adverse effects:

0/40 salicylic acid;
0/40 placebo.

Withdrawalsand 3
adverse effects:

0/32 ibuprofen;

0/32 placebo.

Withdrawalsand 5
adverse effects:

0/30 ketoprofen;

0/30 placebo.

Withdrawalsand 5
adverse effects:

0/30 niflumic

acid; 0/30 placebo.

Withdrawals: 4
0/64 furbiprofen;
0/66 placebo.

Not reported. 5

Withdrawals: 078 5
salicylic acid; 0/78
placebo.Adverse
effects: 0/78 salicylic
acid; 1/78 placebo.

Withdrawals:0/92 3
piroxicam; 1/90
indomethacin; 0/89
placebo.Adverse
effects: 0/92
piroxicam; 2/90
indomethacin;

0/89 placebo.

Withdrawals and 4
adverse effects:

021 benzydamine;
0/22 placebo.

Withdrawals and 4
adverse effects:

0730 ketoprofen;

0/30 placebo.

continued
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TABLE 34 contd Placebo-controlled trials in acute painful conditions: trial design, outcome measures and results

Study

Drug(s)

Kockelbergh, Ketoprofen, 2.5%

etal, 1985

Kockelbergh,
etal, 1985

Lester, 1983

Linde, et al,
1985

McLatchie,
etal, 1989

Morris,
etal, 1991

Noret,
etal, 1987

Parrini,
etal, 1992

Ramesh,
etal, 1983

Russell,
1991

gel; placebo, gel

Ketoprofen, 2.5%
gel; placebo, gel

Salicylic acid, 2%
cream; placebo,
cream

Benzydamine, 5%
cream; placebo,
cream

Felbinac, 3% gel;
placebo, gel

Felbinac, 3% gel;
placebo, gel

Ketoprofen, 2.5%
gel; placebo, gel

Ketoprofen, 15%
foam; placebo, foam

Ibuprofen, 5%
cream; placebo,
cream

Piroxicam, 0.5% gel;
placebo, gel

Condition

Acute soft tissue
injuries, < | week

Acute low back pain,
<10 days

Sprained ankle

Sprained ankle

Acute soft tissue
injury

Acute soft tissue
sports injuries

Minor sports

injuries

Soft tissue injuries

Soft tissue trauma

Soft tissue injuries

Numbers,
study design
and follow-up

n=74
parallel group
baseline and

| week

n=40
parallel group
2 weeks

n=42
parallel group
7 days

n=100
parallel group
8 days

n=23|
parallel group
baseline and
7 days

n=100
multicentre,
parallel group
baseline and
7 days

n=98
multicentre,
parallel group
,3,8 days

n=169
parallel group
7 days

n=280
parallel group
0,3,7,10 days

n=214
parallel group
7 days up to
21 days

Dosing Outcome
regimen measures
7.5 g gel twice  |.4-point verbal
daily rating VAS PI
2.Global
15 ggel with  |.VAS pain and
physiotherapy  5-point verbal rating
and ultrasound; 2. 3-point patient
10 sessions global rating
Not stated |.Ankle movement
2. Swelling
3.Pain
4.Return to normal
activity
Three times 1. Swelling
daily 2. Pain on walking

3. Fit for work

3 cm gel three

times daily movement, night pain
2. Investigator global
| cm gel three 1. Multiple global
times daily rating
2.VAS pain
7.5 g gel twice  [.VASPI
daily 2.4-point pain on
pressure
3. Global
2 g three times | Categorical scale
daily for spontaneous
pain, on movement
2. Categorical scale
global physician
5-10 cm three . Pain on rest,
to four times  pressure and move-
daily ment; 4-point scale
2. Investigator global
3-point scale
| g four times  |.VAS pain on rest
daily and movement

2. Global 4-point

scale

3. Daily pain charts

|.VAS Pl rest,

Analgesic outcome
results

|. Ketoprofen better than
placebo in producing
improved symptoms.

2. Global, patient, good:
30/38 ketoprofen; 22/36
placebo.

1. Significantly more
patients with moderate/
severe pain at end in
placebo group.

2.Global rating good: 13/20
ketoprofen; 9/20 placebo.

Pain relieved by 7 days:
18120 salicylic acid;
13/22 placebo.

Significant reduction in
swelling with benzydamine;
NSD for pain. Free of
walking pain on day 8:
35/50 benzydamine;

40/50 placebo.

Goodlvery good treatment
response (physician
assessment): 85/118 felbinac;
46/113 placebo.

|. Felbinac better than
placebo.

2. Patients with good/very
good results (patient
global): 23/50 felbinac;
13/50 placebo.

1. Ketoprofen better than
placebo on many indices.
2. Global patient good or
better: 39/51 ketoprofen;
9/47 placebo.

1. Ketoprofen better

than placebo for pain on
pressure, movement

and at rest.

2.Global physician
excellent/good: 67/83
ketoprofen; 38/86 placebo.

Pain on movement on
day 7 none/slight: 28/40
ibuprofen; 16/40 placebo.

. Piroxicam better than
placebo at reducing pain

by day 8.

2. Better joint mobility

with piroxicam.

3. Global assessment good/
excellent: 79/100 piroxicam;
45/100 placebo.

Skin irritation

1138 ketoprofen;
1136 placebo.

4120 ketoprofen;
1120 placebo.

0/20 salicylic acid;
2/22 placebo.

Not reported.

3/118 felbinac;
2/113 placebo.

0/50 felbinac;
0/50 placebo.

1/51 ketoprofen;
0/47 placebo.

0/83 ketoprofen;
0/86 placebo.

1/40 ibuprofen;
1/40 placebo.

4/102 piroxicam;
10/102 placebo.

Drug-related
withdrawals and
adverse effects

Withdrawals and
adverse effects:
0/38 ketoprofen;
0/36 placebo.

Withdrawals and
adverse effects:
1120 ketoprofen;
0/20 placebo.

Not reported.

Not reported.

Withdrawals and
adverse effects:
0/118 felbinac;
0/113 placebo.

Withdrawals and
adverse effects:
0/50 felbinac;
0/50 placebo.

Withdrawals and
adverse effects:
1/51 ketoprofen;
0/47 placebo.

Withdrawals and
adverse effects:
0/83 ketoprofen;
0/86 placebo.

Withdrawals and
adverse effects:
0/40 ibuprofen;
0/40 placebo.

Withdrawals:
1102 piroxicam;
8/102 placebo.
Adverse effects:
4/102 piroxicam;
7102 placebo.

Quality
score

continued
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TABLE 34 contd Placebo-controlled trials in acute painful conditions: trial design, outcome measures and results

Study Drug(s)

Sanguinetti, Biphenyl acetic acid,
1989 3% gel; placebo, gel

Condition

Soft tissue traumas

Numbers,
study design
and follow-up

n=82
parallel group
7 days

Dosing
regimen

Three times
daily

Outcome
measures

Various scales

Analgesic outcome
results

Global patient good/very
good: 34/42 biphenyl acetic
acid; 11/40 placebo.

Skin irritation

0/42 biphenyl
acetic acid;
0/40 placebo.

Drug-related Quality
withdrawals and score
adverse effects

Adverse effects: 4
0/42 biphenyl acetic
acid; 0/40 placebo.

Sinneger &  Fentiazac, 5% cream; Sport microtrauma  n =20 Twice or three  Pain at rest, pressure, TOTPAR achieved 0/10 fentiazac; Withdrawals and 2
Blanchard,  placebo, cream parallel group  times daily movement by within 10 days: 7/10 0/10 placebo. adverse effects:
1981 10 days physician fentiazac; 1/10 placebo, 0/10 fentiazac;
0/10 placebo.
Taboada,  Piroxicam, gel; Acute musculo- n=40 Dose of drug  Patient global Excellent or good: Not reported. Not reported. 2
1992 placebo, gel skeletal pain parallel group  and duration 16/20 piroxicam;
5-10 not stated; gels 6/20 placebo.
applications used with ultra-
sound and infra-
red treatment
Thorling, ~ Naproxen, 10% gel;  Sport injuries n=120 2-6 times |. Physician scoring  Global patient, good/very ~ 1/60 naproxen; ~ Withdrawalsand 3
etal, 1990  placebo, gel parallel group  daily of pain at rest, good on day 7:38/60 0/60 placebo. adverse effects:
7 days movement, swelling  naproxen; 27/60 placebo. 0/60 naproxen;
2. Patient and 0/60 placebo.
physician global
Vecchiet &  Meclofenamic acid, ~ Soft tissue injuries  n =60 4 g twice daily 1. Categorical scale  |. Meclofenamic acid 0/30 meclofenamic  Withdrawalsand 3
Colozzi, 5% gel; placebo, gel parallel group for spontaneous pain, - better than placebo. acid; 0/30 placebo. adverse effects:
1989 5,10 days pain on movement 2. Global patient: 30/30 0/30 meclofenamic
2. Patient and meclofenamic acid; acid; 0/30 placebo.
physician global 19/30 placebo.
Wanet, Diethylamine Traumatic n=56 Three times  Pain on rest and Global assessmentatend ~ Not reported. Not reported. 3
etal, 1979 salicylate; placebo,  rheumatological parallel group  daily movement of treatment, good/very
gel injuries 15 days good: 20/32 salicylate;
9124 placebo.
Zerbi, Ketoprofen, foam;  Painful traumatic =~ n =154 Twice daily |.Pain at rest,under  |.Both active formulations ~ 2/46 ketoprofen ~ Withdrawals: 0/46 2
etal, 1992  ketoprofen, gel; injuries parallel group  application, pressure, movement  significantly better than foam; 0/49 ketoprofen foam;
placebo, foam 7 days equivalentto 2. Global evaluation  placebo. ketoprofen gel; 049 ketoprofen gel;
200 mg each 2.Global patient (positive  0/42 placebo. 1/42 placebo. No
time result): 33/46 foam; 35/49 adverse effects

segment favouring treatment over placebo. The
three trials which did not have dichotomous out-
comes also reported statistical benefit for topical
NSAID over placebo.

Pooled relative benefit for all 37 comparisons was
1.7 (95% CI, 1.5-1.9) and the NNT was 3.9 (95%
Cl, 3.4-4.3) (Table 38). Pooling data only from trials
with a quality score of at least 3 produced the same
results. Sensitivity analysis by treatment group size
showed that trials with a group size of at least 40
treated patients produced higher (worse) estimates
for NNT of 4.8 (95% CI, 4.0-5.7) than all trials
together. Trials with fewer than 40 treated patients
produced a significantly lower (better) NNT of

2.6 (95% CI, 2.3-3.1) than either larger trials

or all trials.

Pooling data for each drug studied in three or
more trials showed ketoprofen, felbinac, ibuprofen
and piroxicam to be statistically superior to placebo
with NNTs ranging from 2.6 to 4.2. Indomethacin

gel; 13/42 placebo. withdrawals.

and benzydamine were no better than placebo
(Table 38).

The percentage of patients achieving at least 50%
pain relief with active treatment or placebo in all
studies in all trials (placebo and active drug con-
trolled) in acute conditions is shown in Figure 35
(lower panel). The range with placebo was from
0% to 80%. With topical NSAID it was from 30%
to 100%. There was no significant difference in
the (low) frequency of local or systemic adverse
effects, or drug-related withdrawal (7able 38).

Chronic conditions

The 13 placebo-controlled trials (see Tables 36 and
37)were predominantly in single joint arthritis and
rheumatological disorders, with dichotomous out-
comes from 547 patients on active drug treatment
and 550 on placebo in 12 trials. In 12 other trials
different NSAIDs were compared in 1272 patients.
In two of these trials, topical NSAIDs were
compared with oral.
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TABLE 35 Active drug controlled trials in acute painful conditions: trial design, outcome measures and results

Study Drug(s) Condition Numbers, Dosing Outcome Analgesic outcome Skin irritation ~ Withdrawals ~ Quality
study design  regimen measures results and adverse  score
and follow-up effects

Avrioli, Piroxicam, |% cream; Acute musculo- n=75 | gpiroxicam | Categoricaland |. Piroxicam better than  0/38 piroxicam;  0/38 piroxicam; ~ 2

etal, 1990 diclofenac, % gel ~ skeletal disorders  parallel group, ~ cream,4 g VAS scales for pain on- diclofenac for some 0/37 diclofenac. ~ 0/37 diclofenac.
open design diclofenac gel,  movement,at rest, etc. measures.

3,7, 14 days four times daily 2. Patient global 2. Patient global 7 days
(better/much better): 34/38
piroxicam; 27/37 diclofenac.

Baixauli, ~ Naproxen, [0% gel; ~Acute soft tissue ~ n=30 5 cm naproxen, |. Patient and I. Cured or improved 0/15 naproxen; ~ Withdrawals and 3
etal, 1990 ketoprofen, 10% gel trauma <24 hours  parallel group ~ 3-5cm investigator global ~ day 3: [0/15 naproxen; 0/15 ketoprofen.  adverse effects:
3,7 days ketoprofen,  rating 5-point 12/14 ketoprofen. 0/15 naproxen;
twice daily 2. Improved 3-point 2. Cured or improved 0/15 ketoprofen.

day 7:15/15 naproxen;
13/15 ketoprofen.

3. Patient global (good/
very good): 13/15 naproxen;
9115 ketoprofen.

Bouchier-  Diclofenac, 1% gel; ~ Acute soft tissue ~ n =386 4 ggelthree  VAS pain on rest I. Diclofenac better than  Not reported. 0/191 diclofenac; |
Hayes, et al, felbinac, 3% gel injuries multicentre, times daily pressure and felbinac for some measures. 2/195 felbinac. ~ (probably
1990 parallel group movement 2. 2 50% improvement in not
3,7 days pain on movement on day 7: double-
1107191 diclofenac; 100/195 blind)
felbinac.
Butron, Naproxen, [0% gel, ~ Sprains and n=64 As required | VAS pain on rest, Patient global good/ 3/34 naproxen;  0/34 naproxen; 2
etal, 1994 diclofenac, % gel  contusions parallel group movement excellent: 30/34 naproxen;  4/30 diclofenac. ~ 0/30 diclofenac.
4 days 2. Patient and 28/30 diclofenac.
physician global
Commandre, Niflumic acid,2.5%  Acute sprains n=100 15 gmofeach I. PatientVAS 1. Niflumic acid significantly 3/51 niflumic acid;  0/51 niflumic acid; 2
etal, 1993  gel; piroxicam, 0.5%  or tendinitis parallel group  daily 2. Investigator better than piroxicam 4/49 piroxicam.  0/49 piroxicam.
gel 7,14 days categorical days 8 and 15. Adverse effects
3. Patient global 2. Patient global day 8: withdrawals:
41/51 niflumic acid; 1/51 niflumic acid;
23/49 piroxicam. 1149 piroxicam.
Curioni,  Ibuproxam; Soft tissue injuries  n = 60 Twice daily . Pain - spontaneous, Some differences between  2/20 ibuproxam;  No information. 4
etal, 1985  ketoprofen; parallel group  application on palpation, groups. 3/20 ketoprofen;
etofenamate 10 days movement 1120 etofenamate.

2. Patient global

Diebschlag, Indomethacin, 1%  Acute ankle sprain  n =42 Three times  Swelling, pain No difference in swelling ~ 0/19 (A); 1/22 (B). No differences. 3
etal, 1992  gel (A);indomethacin, | parallel group  daily or pain between two

% gel (B) (different 2 weeks preparations.

vehicles) Patient global, excellent

or good: 19/19 (A); 21122 (8).

Gallachi,  Diclofenac, 1% gel;  Painful inflammatory n =50 2 g four times  |. Spontaneous pain  |. NSD. 0/25 both groups.  No data. 2
etal, 1990 diclofenac, I.16% gel symptoms parallel group  daily 2. Pain on pressure 2. NSD.
7,14 days 3. Patient global 3. 19/25 both groups
good/excellent.
Governali ~ Ketoprofen, 5% gel; ~ Soft tissue injuries  n =30 2-3 gofgelor |. Pain - spontaneous, |. Gel significantly better  0/15 ketoprofen ~ Withdrawals and 2
& Casalini,  ketoprofen, 1% parallel group  cream three  movement, pressure  than cream. gel, 0/15 adverse effects:
1995 cream 7,14 days times daily 2. Patient global 2. On day 7, excellent/ ketoprofen cream. 0/15 ketoprofen
good: 14/15 ketoprofen gel; 0715
gel; 9/15 ketoprofen cream. ketoprofen cream.
Gualdi, et al, Flunoxaprophene,  Soft tissue injuries  n =60 3-5cmofgel, [Pl NSD between groups. 130 flunox- No information. 2
1987 gel; ketoprofen, gel parallel group  twice daily 2. Function aprophene;
1,4,7,10 days 3. Patient global 3/30 ketoprofen.
Hallmeier & Etofenamate, 10%  Sports injuries n=60 Not given |. Oedema 0/30 etofenamate; Withdrawals: 2
Michelbach, - gel plus dressing; parallel group 2. Erythema 2/30 heparin. 0/30 etofenamate;
1986 heparin/ dexpanthenol/ 4 days 3. Movement 0/30 heparin.
dimethyl-sulphoxide 4. Patient global 4. Patient global: 26/30
‘success’ etofenamate; 10/30 heparin.
Hallmeier,  Etofenamate, 10% gel; Sprains and n=60 2-4 times daily ~ Patient global Patient global very good/  0/30 etofenamate; Withdrawals and |
1988 diclofenac, 1% gel ~ contusions parallel group, good: 27/30 etofenamate;  0/30 diclofenac.  adverse effects:
single blind 13/30 diclofenac. 0/30 etofenamate;
7 days 0/30 diclofenac.

continued
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Study Drug(s) Condition Numbers, Dosing Outcome Analgesic outcome Skin irritation ~ Withdrawals  Quality
study design  regimen measures results and adverse  score
and follow-up effects

Hosie, 1993 Felbinac, 3% foam;  Acute lower back ~ n =287 2 g gel three |. Pain 5-point scale  |. No difference between  1/140 felbinac 25/140 felbinac 4

ibuprofen, 400 mg injury multicentre,  times daily; 2. Investigator global ~ groups in symptom severity. foam; 3/147 foam; 19/147
tablets parallel group, | tablet three 2. Both showed significant  ibuprofen oral. ~ ibuprofen oral.
double-dummy  times daily improvement.
7,14 days 3. No/mild pain on move-
ment at 14 days: 99/140
felbinac foam; [09/147
ibuprofen oral.

Kroll,etal, Piroxicam,0.5% gel;  Sprains and n=173 | g piroxicam,  |. Patient score of ~ Patient global excellent/ ~ 4/84 piroxicam; ~ Withdrawal: 2

1989 diclofenac, 1.16% gel tendinitis parallel group, 24 g diclofenac, pain on movement  good: 63/84 piroxicam; 3/89 diclofenac.  2/84 piroxicam;
open four times daily ~ (21-point VAS) 62/89 diclofenac. 1/89 diclofenac.
to 14 days 2. Patient global Adverse effects:

2/84 piroxicam;
0/89 diclofenac.
Montagna, Meclofenamic acid, ~ Painful musculo- n=40 Prescribed |. Pain - spontaneous  |. No statistical difference  No data. No data. |
etal, 1990 5% gel;naproxen,  skeletal disorders  parallel group ~ amounts twice  and on movement  between groups.
10% gel 4,8,15days  daily 2. Patient global 2. Excellent/good on day 8:
13/20 meclofenamic acid;
10/20 naproxen.
Oakland,  Felbinac + placebo  Acute injuries n=220 1-2g gel |. Pain at rest NSD. 3/147 felbinac; ~ 0/147 felbinac; 3
1993 ultrasound; placebo  of lateral ankle parallel group  twoto three 2. Investigator global 3/73 placebo. 2/73 placebo.
gel + ultasound; ligaments days 3,5,7 times daily
felbinac + ultrasound

Picchio, Ibuprofen, 10% gel; ~ Acute sports n=40 Three times 5-point pain for pain  |. Ibuprofen significantly ~ Not reported. 0/20 ibuprofen; 3

etal, 1981  ketoprofen, 1% gel  injuries parallel group  daily at rest, on movement, better and faster than 0/20 ketoprofen.
4,8,12, 16 days spontaneous ketoprofen.

2. No pain on movement
at 12 days: 16/20 ibuprofen;
10/20 ketoprofen.

Pineda, Felbinac, 3% gel; Acute soft tissue ~ n=172 Felbinac, |. Multiple, [0-point  |. Complete recoveryat  5/86 felbinac; 1/86 felbinac; |

etal, 1983  piroxicam gel, (0.5%) injuries multicentre, 180 mg/day, pain on rest, 7 days: felbinac better than  1/86 piroxicam.  0/86 piroxicam.
parallel group  piroxicam, movement and piroxicam (p = 0.008).

3,7 days 18 mg/day, night pain 2. Goodlvery good global:
three times 2. Global 5-point 68/86 felbinac; 65/86
daily piroxicam.

Rosemeyer, Diclofenac, 1% gel;  Distortion of n=9 10 cm diclofenac, 1. Pain at rest l'and 2. NSD atany time ~ 4/44 diclofenac; ~ Adverse effects 4

1991 piroxicam, 0.5% gel  ankle joint parallel group 3 cm piroxicam, 2. Pain on pressure 3. Patient global excellent/  5/47 piroxicam.  withdrawal: 0/44
3,7,10,14 days four times daily 3. Patient global good: 35/44 diclofenac; diclofenac; /47

40/47 piroxicam. piroxicam.
RPRI Ketoprofen, gel; Acute soft tissue ~ n = [575 Ketoprofen, Patients’ global Greatly improved: 396/1048  Not reported. Not reported. 2
piroxicam, gel; injury parallel group  4-5 g, piroxicam  assessment of injury  ketoprofen; 69/263
diclofenac, gel 5 days | g diclofenac, piroxicam; 80/264
2-4 g three times diclofenac.
daily for 5 days

Selligra & ~ Naproxen, 10% gel; ~ Aoft tissue injuries  n = 100 2-6 times daily ~ Patients’ global Goodlvery good: 31/49 1/49 naproxen;  Withdrawals: 2

Inglis, 1990  flufenamic acid, 3% gel parallel group, naproxen; 28/51 flufenamic /51 flufenamic ~ 1/49 naproxen;
single-blind acid. acid. 0/51 flufenamic
7 days acid. Adverse

effects: 0/49
naproxen; 0/51
flufenamic acid.

Sugioka, ~ Piroxicam, 0.5% gel; Non-traumatic n =366 | g three or Multiple pain 4-point. ~ Piroxicam better than 11183 piroxicam; ~ Withdrawals: 4

etal, 1984 indomethacin, 1% gel disease of muscle ~ multicentre,  four times daily ~ 7-point symptom indomethacin. 12/183 indo- 11183 piroxicam;

or tendon parallel group improvement Patient self-assessment methacin. 12/183 indomethacin.
1,2 weeks better/much better: Adverse effects:
85/183 piroxicam; 6/183 piroxicam;
55/183 indomethacin. 26/183 indomethacin.
Tonutti, Ketoprofen, 5% gel; ~ Soft tissue trauma  n =30 2-3gramsgel  |. Pain,spontaneous, |. Comparable efficacy. 0/15 ketoprofen; ~ 0/15 ketoprofen; 4
1994 etofenamate, 5% gel parallel group  three times on movement, 2. Day 7 good/excellent: ~ 0/15 etofenamate. 0/15 etofenamate.
7 days daily for upto  pressure 10/15 ketoprofen; 11/15
3 weeks 2. Patient global etofenamate.

Vander- Etofenemate, [0%  Strains and sprains  n =60 5cmgel, Categorical scales for 1. Day 7 no/slight pain: 1130 etofenemate  0/30 etofenemate 2

straeten &  gel; naproxen, of lower limbs parallel group | tablet,three  spontaneous painand 13/30 etofenemate gel; gel; 0/30 naproxen  gel; 6/30 naproxen

Scheumans, 275 mg tablets within 3 days 7,17 days times daily pain on palpation 15/30 naproxen oral. oral. oral. Withdrawals:

1990 2. Clinical global good/ 1130 etofenemate

excellent improvement:
12130 etofenemate gel;
13/30 naproxen oral.

gel; 2/30 naproxen
oral.
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TABLE 36 Placebo controlled trials in chronic painful conditions: trial design, outcome measures and results

Study Drug(s) Condition Numbers, Dosing Outcome Analgesic outcome Skin irritation ~ Withdrawals  Quality
study design  regimen measures results and adverse score
and follow-up effects

Algozzini,  Trolamine salicylate, Osteoarthritis n=26 3.5 g cream, |.4-point PI 1.NSD. 0/26 salicylate; Withdrawals and 4

etal, 1982  10% cream;placebo, of knee crossover four times daily 2. Numerical rating 2. Patient preference: 0/26 placebo. adverse effects:

cream | week 0-10 8/26 salicylate; 6/26 placebo; 0/26 salicylate;
11726 no preference. 0/26 placebo,

3.PR from diaries: 9/26
salicylate; 6/26 placebo.

Bolten, 1991 Felbinac, 3% gel; Acute extra-articular n = 28I | g 3 times |. Categorical and . Felbinac significantly 2/142 felbinac; Withdrawalsand 3
placebo, gel rheumatic disorders parallel group  daily VAS on rest and better than placebo. 4/139 placebo. adverse effects:
0,7, 14 days movement 2. Global estimation of 0/142 felbinac;
2VAS good/very good responses 0/139 placebo.
3. Investigator (p < 0.001): 67/142 felbinac;
global rating 39/139 placebo.
Camus, Diethylamine Rheumatic disorders n =20 Three times 4-point verbal rating 1. Salicylate better than 0/10 salicylate; Withdrawalsand 2
1975 salicylate, cream; parallel group  daily placebo in giving relief 0/10 placebo. adverse effects:
placebo, cream 10 days over 10 days. 0/10 salicylate;
2.Pain reduced: 8/10 0/10 placebo.
salicylate; 3/10 placebo.
Dreiser &  Diclofenac, plasters; ~ Osteoarthritis n=155 Applied twice  |.VAS |. Diclofenac better than  1/78 diclofenac; ~ Withdrawals: 0/78 4
Tisne- placebo, plasters of knee parallel group  daily (each 2.Global rating placebo from day 4 3/77 placebo. diclofenac; 0/77
Camus, 4,7,15days  plaster contain-  5-point 2.Global rating excellent/ placebo. Adverse
1993 ed 180 mg diclo- good: 55/78 diclofenac; effects: 0/78 diclo-
fenac derivative) 21/77 placebo. fenac; 1/77 placebo.
El-Hadidi & Diclofenac, gel; Painful rheumatic ~ n=120 Three times Physician judgement  Diclofenac significantly 2/60 diclofenac; ~ Withdrawals: 3
El-Garf, ultrasound coupling  conditions parallel group  per week plus VAS Pl by patient better than regular coupling 1/60 regular. 1160 diclofenac;
1991 gel 4 weeks at rest and on gel on all measures. 0/60 regular.
movement Complete PR on passive Adverse effects:
Patient global movement at 2 weeks: 26/60 0/60 diclofenac;
diclofenac; 18/60 regular. 0/60 regular.
Fotiades &  Flufenamate, 3%, plus Cervical, lumbar and n =100 Three or four  Point-scoring system  Scoring very good/good: ~ 0/48 active drug; ~ Withdrawalsand 3
Bach, 1976  salicylate, 2%,gel;  shoulder painand  parallel group  times daily for including pain at rest, 43/48 active drug; 0/52 placebo. adverse effects:
placebo, gel gonarthroses upto20days  6-20 days on pressure, pain 26/52 placebo. 0/48 active drug;
relief, muscle spasm 0/52 placebo.
and movement
Galiazzi &  Diclofenac, plaster ~ Rheumatological n=60 Applied twice  |.Multiple 4-point . Diclofenac better than  0/30 diclofenac; ~ 0/30 diclofenac; 3
Marcolongo, (slow-release); disorders parallel group  daily (each verbal rating andVAS  placebo in reducing pain.  0/30 placebo. 0/30 placebo.
1993 placebo, plaster 3,5,7,14days  plaster con- 2. Investigator 2. Assessment of good/
tained 180 mg  global scale excellent response: 26/30
diclofenac diclofenac; 2/30 placebo.
derivative)
Ginsberg & Indomethacin, 4%  Tendinitis n=30 2-4 sprays |.VAS | Indomethacin better 2/30 indomethacin;  0/30 indomethacin; 2
Famaey, spray; placebo, spray crossover 3-5 times daily ~ 2.4-point verbal than placebo on various 0/30 placebo. 0/30 placebo.
1991 2x2weeks lightly massaged rating pain indices.
into skin 2. Subjective improvement:
26/30 indomethacin;
18/30 placebo.
Gui,etal,  Ibuprofen,cream;  Osteoarthritis n=40 Application Spontaneous pain and  |.Improved spontaneous  0/19 ibuprofen;  0/19 ibuprofen; 3
1982 placebo, cream parallel group  twice daily pain on pressure and pain: 17/19 ibuprofen; 0/20 placebo. 0/20 placebo.
21 days movement 920 placebo.

2.Improved pain on
movement: 14/19 ibuprofen;

7120 placebo.
Hohmeister, Flufenamate, 3%,  Cervical and lumbar n =100 Three times Symptom improve-  Complete PR at 8/49 active gel; Withdrawals: 4
1983 plus salicylate, 2%,  back pain parallel group ~ daily ment, complete PR 21 days: 38/49 active gel, ~ 0/51 placebo. 0/49 active gel;
gel; placebo, gel 7,14,21 days 3/51 placebo. 0/51 placebo.
Mattara,  Flurbiprofen,40 mg ~ Scapulo-humoral ~ n=80 Twice daily VAS Pl for extension, Day 14 no pain or slight ~ 4/40 flurbiprofen; ~ Withdrawals: 4
etal, 1994  patch; placebo, patch periarthritis parallel group flexion and abduction pain: 14/40 flurbiprofen; 1/40 placebo. 0/40 flurbiprofen;
14 days 13/40 placebo. 0/40 placebo.
Adverse effects:
5/40 flurbiprofen;
2/40 placebo.
Rose, et al, Piroxicam,0.5% gel; Gonarthrosis n=30 | g gel, four |.Pain on movement  |.No pain 7/15 piroxicam; ~ |/15 piroxicam; ~ 0/15 piroxicam; 2
1991 placebo, gel parallel group  times daily 2.Pain at rest 2/15 placebo. 1/15 placebo. 0/15 placebo.
14 days 3. Patient global 2. Excellent/good: 8/15
piroxicam; 5/15 placebo.
Roth, 1995  Diclofenac, gel; Osteoarthritis n=119 Four times Overall pain NSD. 12/59 diclofenac; ~ Adverse effects 4
placebo, gel breakthrough pain  parallel group ~ daily for 26/60 placebo. withdrawals: 3/59

14 days 2 weeks diclofenac; 4/60 placebo.
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TABLE 37 Active controlled trials in chronic painful conditions: trial design, outcome measures and results

Study

Ammer,

1991

Balthazar-
Letawe,
1987

Browning &
Johson,
1994

Dickson,
1991

Geller, 1980

Giacovazzo,
1992

Golden,
1978

Matucci-
Cerinic &
Casini, 1988

Reginster,
etal, 1990

Ritchie,
1996

Rosenthal &
Bahous,
1993

Vitali, 1980

Drug(s) Condition

Diclofenac, gel; Soft tissue
indomethacin, 1% gel rheumatism with
pain of medium

intensity
Diclofenac, gel; Rheumatological
indomethacin,gel  disorders

Normal oral NSAID; Mild to moderate
half normal oral osteoarthritis
plus piroxicam

Chronic osteo-
arthritis of knee

Piroxicam, 0.5% gel;
oral ibuprofen

Diethylamine Chronic disorders
salicylate, 10% gel;

etofenamate, 5% gel

Diclofenac, gel; Osteoarthritis
felbinac, gel (biphenyl

acetic acid)

Triethylamine salicy- Rheumatic pain
late, 10% cream; oral
aspirin, 325 mg tablet

Soft tissue
rheumatic disorders

Ketoprofen, 2.5%
gel; etofenemate,
5% gel
Indomethacin, 1%  Rheumatoid arthritis
gel; indomethacin,

4% spray

Soft tissue
rheumatism of
shoulder or elbow

Flurbiprofen, patch;
piroxicam, 0.5% gel

DHEP, 1% plaster;  Periarticular,

diclofenac, 1% gel  tendinous
inflammations

Ketoprofen, 1,25 Orthopaedic

and 5% gel

Numbers,
study design
and follow-up

n=227
parallel group
14 days

n=50
parallel group
7,14 days

n=191
parallel group,
open study
14,28 days

n=235
multicentre,
parallel group,
double-dummy
4 weeks

n=50
crossover

7 days; 4-day
washout

n=40
parallel group
| week

n=40
parallel group,
double-dummy
7 days

n=36
parallel group
3,7 days

n=20
crossover
14 days

n=131
crossover at
4 days

4,8, 14 days

n=190
parallel group
14 days

n=62
parallel group
14 days

Dosing Outcome
regimen measures
2-4 daysper  |.Pain at rest and
week on movement

2. General efficacy
Twice daily |. Symptom intensity

3-point scale
2. Investigator global

Three to four  |.Patients’

times daily, assessment of pain
piroxicam and stiffness
2. Patients’ overall
assessment of
efficacy day
| ggelthree . Pain 9-point scale
times daily; 2. Analgesic
400 mg consumption
ibuprofen three 3. Global 4-point
times daily scale

|. Pain at rest and
in movement,
4-point scale

2. Global 5-point
scale patient

Not recorded

Diclofenac, VASPI
160 mg/day,

felbinac,

90 mg/day,

three times daily

Application of  Daily diaries,

cream four categorical scales

times daily; two

tablets four

times daily

Twice daily VAS Pl and
tenderness

Three times % improvement on

daily, 100 mg  swelling and pain at

daily total rest on flexion

Flurbiprofen,  Pain, tenderness

40 mg patch,

twice daily; 3 cm

piroxicam gel

four times daily

Plaster twice ~ Spontaneous pain,
daily; gel four  pain on pressure,
times daily patient global

5-15 cm twice  Spontaneous pain,
daily for palpation, movement
6-13 days

Analgesic outcome Skin irritation

results

1. NSD.

2. Good/excellent: 76/89
diclofenac; 62/84
indomethacin.

025 diclofenac;
025 indomethacin.

Improved at 14 days:
15/25 diclofenac;
17/25 indomethacin.

|. Significant reduction in
mean score for tenderness
and restiction of active
movement for topical
NSAID.

2. Patients’ overall assess-
ment of efficacy day,
excellent/good: 54/85 oral
alone; 71/106 oral plus
topical NSAID.

11106 piroxicam.

NSD between treatments;
patient global rating good/
better: 68/117 piroxicam;

65/118 ibuprofen.

31117 piroxicam;
4/118 ibuprofen.

Two local effects
but drug respons-
ible not given.

|. Diethylamine salicylate
better than etofenamate
on all scores.

2. After first phase, good/
very good results patient
global: 24/25 salicylate;
8/25 etofenamate.

No difference between two
treatments. Improvement in
pain scores: [4/20 diclo-
fenac; 14/20 felbinac.

0/20 diclofenac;
020 felbinac.

Good/excellent results:
13/20 salicylate cream;
10/20 oral aspirin.

1120 salicylate
cream; 1120 oral
aspirin.

Ketoprofen better than
etofenemate for pain on
active and passive movement.

0/18 ketoprofen;
0/18 etofenemate.

Both improved significantly ~ 2/20;2/20.
from baseline.

Statistically more PR with
flurbiprofen.

Patient global, good/
excellent: 79/96 plaster;
39/94 gel.

2/96 plaster;
3/94 gel.

1.2.5% gel was most useful. Not reported.
2. Spontaneous pain

better/much better: 13/20

1% gel; 18120 2.5% gel; 16/20

5% gel.

Withdrawals
and adverse
effects

Adverse effects
withdrawal:

1/89 diclofenac;
0/84 indomethacin.

Withdrawals and
adverse effects:
0/25 diclofenac;
0/25 indomethacin.

Withdrawal:

11106 piroxicam.
Adverse effects:
1/106 piroxicam;
1185 oral alone.

Adverse effects:
30/117 piroxicam;
27/118 ibuprofen.
Withdrawals:
91117 piroxicam;
7/118 ibuprofen.

Not reported.

0/20 diclofenac;
0/20 felbinac.

2/20 salicylate
cream; 6/20 oral
aspirin.

0/18 ketoprofen;
0/18 etofenemate.

Withdrawals and
adverse effects:
0/20;0720.

Adverse effects
withdrawals:
1/133 flubiprofen;
3/133 piroxicam.

Withdrawals and
adverse effects:
0/96 plaster;
0/94 gel.

Not reported.

Quality
score

4

2

3
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Diethyl salicylate
Salicylic acid —
Benzydamine -
Benzydamine
Benzydamine -
Benzydamine :
Etofenamate - [ -0
Felbinac - :
Felbinac
Felbinac -
Fentiazac -
Flurbiprofen -
Ibuprofen
Ibuprofen
Ibuprofen
Ibuprofen —
Indomethacin -
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FIGURE 33 Placebo-controlled trials of topical NSAIDs: one
week outcome in acute painful conditions

Relative benefit and 95% ClIs for each drug
compared with placebo are shown in Figure 36.
Seven of the 12 studies showed statistical super-
iority for topical NSAIDs over placebo. The scatter
of the proportion of patients with at least 50% pain
relief with topical NSAID or placebo is shown in
Figure 34. All 12 comparisons were in the segment
favouring treatment over placebo. The one trial
which did not have dichotomous outcomes also
reported statistical benefit for topical NSAIDs
over placebo.

The pooled relative benefit for all 12 comparisons
was 2.0 (95% CI, 1.5-2.7) and the NNT was 3.1
(95% CI, 2.7-3.8) (Table 38). Sensitivity analysis
by quality score or treatment group size produced
no significant change in these estimates. No

FIGURE 34 Placebo-controlled trials of topical NSAIDs in acute
(3) and chronic () conditions

single topical NSAID was tested in as many as
three placebo-controlled studies and combined
estimates could not therefore be calculated for
any single drug.

The percentage of patients achieving at least 50%
pain relief with active drug treatment or placebo
in all studies in all trials (placebo and active drug
controlled) in chronic conditions is shown in
Figure 35 (upper panel). The range with placebo
was from 5% to 60%. With topical NSAIDs it was
from 30% to 95%. There was no significant differ-
ence in the (low) frequency of local or systemic
adverse effects, or drug-related withdrawal

(Table 38).

Comparison with oral NSAIDs

Five studies compared topical with oral NSAIDs,
three in acute''*"® and two in chronic condi-
tions.'*!® None showed statistical benefit of oral
over topical NSAIDs.

Comments

Topical NSAIDs were significantly more effective
than placebo. This is not just due to rubbing.
Placebo preparations were also rubbed on affected
parts. The significant difference was therefore
additional to any effect of rubbing. Topical pre-
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TABLE 38 Combined results and sensitivity analysis for topical NSAIDs in acute and chronic painful conditions

Drug Trials Patients Average CER EER RR NNT
number of
treated patients

Acute painful conditions

Combined efficacy data 37 3239 47 39 71 1.7 (1.5-1.9) 3.9 3.444)
Local adverse effects 3 26 1.2(0.8-1.7)

Systemic adverse effects 0.7 08 1.0(0.6-1.8)

Withdrawal due to adverse effects 0.4 0.6 0.8 (0.4-1.4)

Trials with quality score 3-5 only 30 2834 52 38 72 1.7 (1.5-1.9) 3.9 (3.444)
Trials with treatment groups of

< 40 patients 20 933 24 35 76 1.9 (1.6-2.2) 2.6 (2.3-3.1)
Trials with treatment groups of

40-80 patients 8 810 51 44 66 1.6 (1.1-22) 5.0 (3.7-74)
Trials with treatment groups of

> 80 patients 7 1496 123 41 67 1.6 (1.3-1.9) 4.6 3.7-5.9)
Ketoprofen 9 724 43 36 74 2.0 (1.5-2.6) 2.6(2.3-3.2)
Felbinac 3 413 70 32 66 2.0 (1.5-2.7) 3.0 (2.44.1)
Ibuprofen 4 284 36 34 70  1.9(1.2-3.0) 3.5(2.5-5.6)
Piroxicam 4 589 74 39 69 1.6 (1.2-22) 4.2 (3.1-6.1)
Benzydamine 4 245 31 62 84 1.4 (0.9-2.0) 6.7 (3.8-23)
Indomethacin 3 394 66 32 47 1.3 (0.9-1.8) 10 (5.0-)
Chronic painful conditions

Combined efficacy data 12 1097 30 65 20 (1.5-2.7) 3.1 (2.7-3.8)
Local adverse effects 53 59 0.9 (0.4-1.7)

Systemic adverse effects 1.3 I.I - 1.1(0.5-2.3)

Withdrawal due to adverse effects 0.7 0.7 1.0 (0.4-2.4)

Trials with quality score 3-5 only 9 987 55 27 62 22 (1.5-3.1) 3.1 (2.6-3.8)
Trials with treatment groups of

< 40 patients 6 261 22 31 69 22 (1.5-3.1) 2.6 (2.0-3.6)
Trials with treatment groups of

> 40 patients 6 836 70 29 6l 20(1.7-24) 3.3 (2.84.3)

Response is either the proportion of patients with successful outcome or percentage of patients with an adverse effect. An infinite
NNT Cl indicates that there may be no benefit from the treatment compared with placebo.

parations produced NNTs in the range 3-5 (Table studies in both acute and chronic conditions
38). At least one patient in about three using a had quality scores of 3 or more on a scale of 1-5
topical NSAID will achieve at least 50% pain relief in over 75% of reports (see Table 33). This is
who would not have done had they used placebo. important, since trials of lower methodological

quality (2 or less using the same validated scale
While this result may surprise some, it is not as here) have been shown to have a more

because the trials were poor. Placebo-controlled favourable outcome.'®
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FIGURE 35 Successful outcome for treatment arms from placebo-
drug and number of trials

It was judged sensible to pool only data for
individual drugs when there were at least three
RCTs. In acute conditions there was enough
information to make comparisons (7able 38).
The average response for placebo was similar for
individual drugs apart from benzydamine. Keto-
profen, felbinac, ibuprofen and piroxicam were
all statistically superior to placebo, in contrast to
indomethacin and benzydamine which were not.
ClIs for the NNT for ketoprofen did not overlap
with those of benzydamine or indomethacin.
There is no clear message as to which of ketopro-
fen, felbinac, ibuprofen or piroxicam was best,
or indeed whether there was any difference in
efficacy. They all work.

Local skin reactions were rare (3.6%) and systemic
effects were rarer (less than 0.5%). Local or syste-
mic adverse effects of sufficient severity to cause

and active controlled trials in chronic and acute painful conditions —

withdrawal from the study were also rare (0.5%).
Adverse effects were no more common than
with placebo.

Topical NSAIDs are less associated with the gastro-
intestinal adverse effects seen with the same drugs
taken orally.!” The low incidence of systemic
adverse effects for topical NSAIDs probably results
from the much lower plasma concentrations from
similar doses applied topically to those adminis-
tered orally.'*'® Topical application of ibuprofen
resulted in significant tissue concentrations in deep
tissue compartments, more than enough to inhibit
inflammatory enzymes.'**?

These positive results for topical NSAIDs could, it
may be argued, be skewed by publication restricted
to positive findings. It is next to impossible to rebut
this argument. Strenuous efforts were made to
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FIGURE 36 Placebo-controlled trials of topical NSAIDs: 2-week
outcome in chronic painful conditions

unearth unpublished data. Ironically, one pharma-
ceutical company withheld results they claimed to be
positive and favourable to their product. Rosenthal’s
file drawer argument® says there would need to be
many negative results (more than 692 for acute, 37
for chronic) to overturn these positive results.

More important is the empirical evidence that
small trials (arbitrarily set at fewer than 40 patients
per group as being between the mean and median
sizes of 47 and 32 patients per treated group)
produced exaggerated estimates of clinical efficacy
by 24% (4.8 minus 3.9/3.9, Table 38) with CIs which
did not overlap. By contrast, trial quality made no
difference despite evidence to the contrary from
other settings.'® Size of treatment group may be

an important issue for credibility of estimates of
clinical efficacy in treatments, just like random-
isation®"*? and double-blinding.?' Just as it may

be hazardous to change practice on the basis of

a single small trial, similarly beware meta-analysis
restricted to multiple small trials.?

The important research agenda is to identify those
patients with chronic disease, particularly elderly

patients, who may benefit from using topical rather
than oral NSAIDs. We need to compare the pain
relief and mobility, harm and cost for these alter-
natives. The few studies identified which compared
oral with topical NSAIDs were of inadequate
design and power to answer these important
questions. In the meantime, the message is that
topical NSAIDs are effective and safe.
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Chapter 12

Injected morphine in postoperative pain

Summary

The pain relief after injected morphine compared
with placebo is examined in this chapter, in
patients with moderate or severe pain after surgery,
and the efficacy of injected morphine is related

to that of oral analgesics. A literature search of
various databases was for randomised, single-dose,
placebo-controlled trials.

Pain relief or pain intensity difference over

4-6 hours and adverse effects were extracted.
The number of patients with at least 50% pain
relief was derived and then used to calculate the
relative benefit and the NNT for one patient to
achieve at least 50% pain relief for 4-6 hours.

In 15 trials intramuscular morphine, 10 mg

(486 patients), was compared with placebo

(460 patients); the NNT was 2.9 (95% CI, 2.6-3.6).
One in three patients with moderate or severe
postoperative pain achieved at least 50% pain
relief; they would not have done had they been
given placebo. Minor adverse effects were more
common with morphine (34%) than with placebo
(23%) (relative risk 1.49 (95% CI, 1.09-2.04)) but
drug-related study withdrawal was rare and not
different from placebo. Intramuscular morphine,
10 mg, gives analgesia equivalent to oral NSAID, in
keeping with historic results from single trials. For
patients who can swallow, oral NSAID may be the
best choice.

This chapter of the review has been published in
full by McQuay and colleagues.'

Introduction

Perhaps understandably, we all tend to believe that
injecting drugs provides better pain relief than
taking the same drug by mouth. Indeed, it took
generations for doctors to be persuaded that oral
morphine was effective in cancer pain — they all
wanted to inject. This chapter focuses on the post-
operative pain relief produced by injection of
morphine, using the same methods as for the oral
drugs. The aim was to achieve an estimate of the
analgesic efficacy of injected morphine which could
be compared with the estimates for the oral drugs.

Methods

Single-dose, randomised, placebo-controlled
trials of injectable (intramuscular, subcutaneous
and intravenous) morphine in acute postoperative
pain were sought. A number of different search
strategies were used to identify eligible reports

in MEDLINE (1966-97), EMBASE (1980-97),
the Cochrane Library (1997 issue 2) and the
Oxford Pain Relief Database (1950-94).2 The

last electronic search was conducted in March
1997. The words ‘morphine’, ‘diamorphine’,
‘heroin’ were used to identify relevant reports,
using a combination of free text words and
MeSH terms, and without restriction to language.
Additional reports were identified from reference
lists of retrieved reports, review articles, and
specialist textbooks.

Included and excluded reports
Inclusion criteria were full journal publication
of RCTs which included single-dose treatment
groups of injected (intravenous, intramuscular
or subcutaneous) morphine and placebo, acute
postoperative pain, blinded design, baseline
pain of moderate to severe intensity, adult
patients, and assessments of pain intensity or
pain relief over 4-6 hours with results for
TOTPAR, SPID, VAS TOTPAR, or VAS SPID),
or with data from which these could be calcu-
lated. Review articles, letters or abstracts were
not included.

Reports were screened to eliminate those without
pain outcomes, those which were definitely not
randomised, or were abstracts or reviews. Each
report which could possibly be described as an
RCT was read independently by each of the
authors and scored using a three-item, 1-5 score,
quality scale.” Consensus was then achieved. The
maximum score for an included study was 5 and
the minimum 1.

Data extraction and analysis

Data extracted from the reports were the pain
setting, study treatment groups, numbers of
patients treated, study duration, the route and
dose of morphine, and mean or derived
TOTPAR, SPID, VAS TOTPAR or VAS SPID

or any dichotomous global pain relief outcome.
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Information on minor and major adverse events,
as defined by the authors of the original reports,
was also extracted.

For each report with mean TOTPAR, SPID, VAS
TOTPAR or VAS SPID values for morphine and
placebo, the data was converted to percentage

of maximum by division into the calculated maxi-
mum value.* The proportion of patients in each
treatment group who achieved at least 50% max-
TOTPAR was calculated using verified equations.””’
These proportions were then converted into the
number of patients achieving at least 50% max-
TOTPAR by multiplying by the total number of
patients in the treatment group.’

Information on the number of patients with

> 50% maxTOTPAR for morphine and placebo
was used to calculate relative risk (or benefit)
and NNT by pooling data when available from
at least three comparisons between morphine
and placebo with a particular dose and route of
administration. Relative risk or benefit estimates
were calculated with their 95% CIs using a random
effects model® for analgesic data which were not
homogenous (p< 0.1) and a fixed effects model’
for adverse effect data which were homogenous
(p>0.1). Homogeneity of the analgesic results
was also explored graphically.'® The NNT!! was
calculated with a 95% CI.'? A statistically signifi-
cant difference from control was assumed when
the 95% ClIs of the relative risk/benefit did not
include 1. Statistical difference between NNTs
was assumed when Cls did not overlap.

Results

In all, 18 reports of 20 trials fulfilled the inclusion
criteria; 696 patients were given morphine and

563 placebo. No trials of subcutaneous morphine
or of diamorphine by any route of administration
met the inclusion criteria. Morphine was given by
intramuscular injection in all studies except one,"?
in which it was given intravenously. Morphine doses
were b mg’M,l:'; 8 mg’l?),l(i 10 mg’l4,15,17,18—29 125 mg30
and 20 mg.*® Details of these studies are presented
in Table 39.

Two studies'™®* included a mixed population of
patients with postoperative and other acute pain.
Trials otherwise investigated pain relief predomi-
nantly after orthopaedic and gynaecological
surgery. Pain outcomes were over 6 hours except
for two studies in which they were over 4 hours.?**
Quality scores were 2 for two reports, 3 for six,

4 for nine and 5 for one.

Nine reports which appeared to fulfill inclusion
criteria were omitted. Three studies* had pain
relief or intensity information for 1 hour or less.
Two reports®* appeared to duplicate previously
published information and four® used
non-standard assessments which could not

be used.

Only for 10 mg doses of intramuscular morphine
was data available from at least three trials, which
could be pooled for meta-analysis. In 15 com-
parisons, 486 patients were given intramuscular
morphine, 10 mg, and 460 placebo (Table 40). The
size of the active treatment group in these trials
varied between 9 patients and 51 patients (mean
33, median 30).

The placebo response rate (i.e. the proportion of
patients given placebo experiencing at least 50%
pain relief) varied from 0% to 47% (mean 15%),
and the response rate for intramuscular morphine,
10 mg, was 7-93% (mean 46%; Figure 37). Of the
15 comparisons between intramuscular morphine,
10 mg, and placebo, eight showed it to be statistic-
ally superior to placebo and had a lower CI of the
relative benefit greater than 1 (7able 40). The
pooled relative benefit was 2.8 (95% CI, 2.0-3.8).

The pooled NNT for intramuscular morphine,
10 mg, compared with placebo was 2.9 (95% CI,
2.6-3.6). Omitting a trial which included acute
non-surgical pain'® did not affect this result. The
pooled NNT without this study was 3.1 (95% CI,
2.7-3.8). The NNT for trials in which fewer than
the median number of patients were given
morphine (that is, fewer than 32 patients treated)
was 2.9 (95% CI, 2.3-4.1), the same as for larger
trials (with 32 patients or more) — NNT of 3.0
(95% CI, 2.5-3.8).

Minor adverse effects occurred in 34% of patients
given intramuscular morphine compared with 23%
of patients given placebo. This was a significantly
increased rate with a relative risk of 1.49 (95% CI,
1.09-2.04). Major adverse effects (drug-related
study withdrawal) were rare (overall 1.2%) and
did not differ between morphine and placebo
(Table 40).

Comment

Morphine is the archetypal analgesic for use in
moderate or severe pain. It is also the ‘gold stand-
ard’ against which other injected analgesics are
tested. It was surprising, therefore, that rigorous
searching revealed so few placebo-controlled trials
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TABLE 39 Injected morphine in postoperative pain: patients, methods, outcomes and results of included studies

Study

Beaver &
Feise,I
1976'¢

Brown,

etal, 1984

Brown,
etal,
19917

Campos
& Solis,
1980'8

Davie, et al,
1982"

de Andrade,
etal,
19944

Condition Design,

and number  study duration

of patients  and follow-up

Generaland  RCT, double-blind,

gynaecological  single dose, parallel

surgery group. Assessments by

n=96 single nurse observer,

Age:not given hourly assessments
up to 6 hour.
Moderate to severe
baseline pain.

Various surgical RCT, double-blind,

procedures single dose, parallel
n=90 group, double-dummy.
Age range: Assessed by single
18-68 years  nurse observer at 0,

0.5, I hour then hourly
intervals for 6 hour.
Medication taken when
baseline pain was at
least moderate.

Various surgical Study 3 only.RCT,

procedures double-blind, single
n=150 dose, double-dummy,
Age range: parallel group. Assessed
18-66 years by single nurse observer

at0,0.5, | hour then
hourly intervals for
6 hours. Medication
taken when baseline
pain was at least
moderate.

Outcome
measures

Standard

4-point Pl
Standard

5-point PR
9-item tension/
anxiety question-
naire

Pl (5-point) none,
slight, moderate,
severe, very severe
PR (5-point) none,
poor, fair, good,
very good

50% PR

at 6 hours

Time to next
analgesic

Pl (5-point)
| = none, 2 = slight,
3 =moderate, 4 =
severe, 5 = very severe
PR (5-point)
5 = none, 4 = poor,
3 =fair,2 = good,

= very good
Pain half gone at
end of study, or at
time of withdrawal

Various acute  RCT, single dose, parallel Standard 4-point PI
and medical group, double-blind. 50% PR

patients Assessments by single

(2 part studies) nurse observer at 0,

n=120 30 minutes, 1,2,3,4,5,

(each study) 6 hours. Baseline pain at

Age:adult least moderate.

Various day-  RCT, single dose, parallel VAS Pl 10 cm
surgery group, double-blind.

procedures Assessments by single

n=90 observer at 0, 30 minutes,

Age range: 1,2,3,4,5,6 hours. Base-

2369 years line pain at least moderate.

Orthopaedic  RCT, double-blind, Pl (5-point)
surgery (hip  single dose, parallel 0 = none, | = mild,
and knee group, double-dummy? 2 = moderate,
replacement)  Assessed by patients 3 = severe,
n=176 at 0,05, 1 hour then 4= very severe
Age:adult hourly intervals for VAS PI 100 mm 0-99

6 hours. Medication
taken when baseline
pain was at least
moderate.

PR (5-point) 0 = none,
| =alittle,2 = some,
3=alot,4 = complete
Patient and investi-
gator global evaluation
end of study

Treatment Analgesic outcome  Withdrawals
groups results (morphine  and adverse
vs. placebo) effects
I.im.morphine, Morphine superior to ~ Withdrawals
8mgn=24 placebo PID not reported.

2.Placebo,n =24 (see Figure ).
3.i.m. hydroxyzine,

100 mg,n =24

4.1.m. hydroxyzine

+ morphine,

n=24

|.i.m.morphine, - Significant difference
10mgn=30.  between morphine and
2.Placebo,n =30 placebo for most
3.p.o.naproxen, outcomes.

Patients remaining
in study at

6 hours: placebo
5 (17%), morphine

550 mg,n=30 I.% patients with 13 (43%),p = 0.01.
> 50% PR: placebo Early termination
37%, morphine 77%,  due to inadequate
p=0.002. relief: morphine
2.Mean hours in study 16 (20%), placebo
(SD): placebo 3.2 (1.5), 25 (83%),p = 0.01.
morphine 4.7 (1.4)
3. 6-hour mean SPID:
placebo 2.1,
morphine 5.5
4.6-hour mean TOTPAR
values not given.
NB: 5-point SPID.
|.i.m.morphine |.6-hour mean SPID  Completing 6-hour
10mgn=30  (SEM):morphine 5.2 study: morphine

2.Placebo,n =30 (0.6), placebo 0.9 (1.0), 43%, placebo 30%.
3.p.o.anirolac,  p <0.003.

600 mg,n=30 2.6 hour TOTPAR mean

4.p.o.anirolac,  (SEM): morphine 17.7

125mgn=30 (1.0), placebo 24.1 (I.1),

5.p.o.anirolac,  p <0.003.NB: wrong

5mgn=30 calculation, 50%

TOTPAR not reported.

|.i.m.morphine,  |.SPID: morphine Patients completing:

10mgn=30 1232, placebo 6.48.  morphine 28/30,

2.Placebo,n =30 2.50% PR:morphine  placebo 23/40.

3.im.nefopam, ~ 76%, placebo 49.6%.  Reporting no relief

20 mg,n=30 at 2 hours:

4.i.m. diphen- morphine 1/30,

hydramine, 20 mg, placebo 6/30.

n=30 Dropped out for
other reasons:
morphine |,
placebo |.

I.iv.morphine, ~ Morphine gave signifi- ~ Withdrawals at

8mg,n=30 cantly less pain than 2 hours: morphine

2.Placebo,n =30 placebo at all assess-

3. p.o.fenoprofen, ment times. No VAS

200mg,n=30 SPID,but data can be
calculated from
table in text.

3/30, placebo 20/30,
fenoprofen 8/30.

|.i.m.morphine, I.6-hour mean SPID
10mgn=51  (SD):morphine,|0 mg,
2.i.m.morphine, 7.2 (3.9); morphine,

105 remaining in
study at 6 hours;
morphine, 10 mg,

5mg,n=50 5mg,6.7 (4.6 );placebo 33;morphine, 5 mg,
3.Placebo,n =25 2.4 (3.8);p < 0.01. 32; placebo 7;
4.p.o.ketorolac, 2.6-hour mean p <00l

10mgn=50  TOTPAR (SD):
morphine, 10 mg,

14.0 (6.0); morphine,
5mg, 12.4 (6.7); placebo

50 (73):p < 001,

Adverse Comment

events

Quality
score

Sedative adverse
effects: morphine
19/24, placebo
3/24.

Morphine better 3
than placebo.

NSAID better 4
than morphine.

No study with-
drawals reported.
NSD between
treatments.
Patients reporting
one or more:
placebo 14 (47%),
morphine 22 (73%),
naproxen |3 (43%).

NSAID better than 4
drawals reported.  morphine. Wrong
NSD in % patients ~ calculations used for
reporting: morphine Figure 2 TOTPAR.
41%, placebo 23%.

No study with-

Patients reporting: Morphine better 3
morphine 66, than placebo.
placebo 20.

Patients reporting: Morphine better 4
morphine 4, than placebo.

placebo 3,

fenoprofen 2.

5 patients withdrew: NSAID comparable 4
morphine 2; to morphine.
placebo |. Difference in sample
Morphine, 10 mg,  size of active vs.
significantly more  placebo controls.
than placebo,

p =001 (Table 4).

Patients reporting:

morphine, 10 mg,

26/51; morphine,

5 mg, 17/50; placebo

5/25.

continued
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TABLE 39 contd Injected morphine in postoperative pain: patients, methods, outcomes and results of included studies

Study

de Lia,
et al, 19862

Fragen,
etal,
1983"

Gravenstein,
etal, 19847

Kaiko,
etal, 19877

Kantor,
etal,
1981%

Condition
and number
of patients

Gynaeco-
logical surgery
n=92
Age:not stated

Orthopaedic
and major
gynaecological
surgery
n=139

Age range:
18-65 years

Postoperative
wound pain
n=160

Age range:
19-70 years

Acute
postoperative
pain

n=9/17
(completed
crossover each
treatment)
Age range:
22-65 years

Postoperative
and acute
traumatic pain
n=250

Age range:
21-75 years

Design, Outcome

study duration measures

and follow-up

RCT, double-blind, single  Standard 4-point PI

dose, parallel group, Investigator rating end
double-dummy. Assessed of treatment: poor/fair
by patients at 0, | hour = no effect, good/
then hourly intervals for excellent = effective

6 hours. Medication PR derived score

taken when baseline half gone
pain was at least Need for additional
moderate analgesia

RCT, double-blind, single Standard 4-point Pl
dose, parallel group, PR (5-point):
double-dummy. Assessed | = worse, 0 = none,
by single observerat | =alittle,2 =

0, 15,30 minutes, | hour moderate, 3 = a lot,
then hourly intervals for 4 = complete

6 hours. Medication VASPI 10 cm

taken when baseline Patient rating end of
pain was at least treatment (4-point):

moderate. Injections | = poor, 2 = fair,

into deltoid muscle. 3 =good, 4 = excellent
50% PR (derived)

RCT, double-blind, single Standard 4-point Pl

dose, parallel group. PR (6-point): | =

Assessed by more than ~ worse, 0 = none,

| observer at 0, 15, | = slight,

30 minutes, | hour then 2 = moderate,

hourly intervals for 3 = substantial,

6 hours. Medication 4= complete

taken when baseline  VAS PI [00 mm

Patient rating of
treatment (4-point):
poor, fair, good,
excellent

Investigator rating of
treatment (satisfactory,

pain was at least
moderate.

unsatisfactory)
RCT, double-blind, single Standard 4-point Pl
dose, crossover design. PR (5-point)
Assessed by nurse VAS PI
observer at 0,30 mins,  VAS PR
| hour then hourly VAS mood
intervals for 6 hours.
Medication taken when
baseline pain was at
least moderate.
RCT, double-blind, Standard 4-point PI
4 doses of same drug  Patients with
given over 2 days. 250% PR

Nurse observers,
assessments at 0,

30 minutes, | hour then
hourly intervals for

4 hours. Medication
taken when baseline pain
was at least moderate.

Treatment Analgesic outcome Withdrawals
groups results (morphine  and adverse

vs. placebo) effects
|.Morphine, . 6-hour mean SPID:  Cumulative drop-
10mgn=30  morphine 5.17, placebo out rate shown in
2.Placebo,n =30 1.80,p <0.01. Table Il. Patients
3.p.o. flurbi- 2.Pain more than half  dropped-out at
profen, 50 mg,  gone at 6 hours: 6 hours: morphine
n=30 morphine 6 (20%), 21 (70%), placebo

placebo 0 (0%). 66 (74%).

3.6-hour mean

TOTPAR: morphine

16.98, placebo 10.80,

p <00l
|.i.m.morphine, |.6-hour mean SPID:  Cumulative drop-
I0mgn=36  morphine 5.0, out rate shown
2.Placebo,n =35 placebo |.6. in Figure 2.
3.im. ciramadol, 2.6-hour mean
30mgn=34  TOTPAR:morphine
4.im.ciramadol, 10.1, placebo 3.63.
60mg,n=34  Figure | shows %

patients with > 50%

PR at each time point.
|.i.m.morphine, I.Pl scores mean Not given.
[0mgn=40  shown inTable 3.

2.Placebo,n =40 2.PR mean scores

3.i.m.dezocine, shown in Figure 2.
10mgn=40  3.Patients with
4.im.dezocine, moderate to complete
15mgn=40 PR by time shown
in Table 3. Patients
rating treatment as
good or excellent:
morphine 15/36,
placebo 6/24.
|.i.m.morphine, |.VASTOTPAR: placebo 9 of 17 post-
10mgn=9 90, morphine 135, operative patients
2.Placebo,n =9 cocaine 70, cocaine +  completed
3.0ral cocaine, morphine 161. crossover.
10mgn=9 2.VAS SPID: placebo
4.0ral cocaine, 58, morphine 99,
10 mg,+ cocaine 35, cocaine +
morphine,n =9 morphine 108.
|.i.m.morphine, |.Derive SPID data for Not reported.
125 mg,n =50 dose |,day | from
2.Placebo,n =49 Figure I.
3.p.o.codeine,  2.SPID for day I:
90 mg,n=50  morphine 4.90, placebo
4.p.o. penta- 1.20, pentazocine 3.43,
zocine, 75mg,  codeine 3.63,
n=50 oxycodone 4.35.

5.p.0.oxycodone
compound (oxy-
codone hydro-
chloride, 4.5 mg,
oxycodone
terepthalate,
0.30 mg, aspirin,
224 mg, phena-
cetin, 160 mg,
caffeine, 32 mg),
n=49

Adverse Comment Quality
events score
Study withdrawals  NSAID comparable 4

not stated. Patients  to morphine.
reporting adverse

effects: morphine

4, placebo 4.

Study withdrawals ~ Morphine better 3
not reported. than synthetic
Number of patients mixed agonist
reporting not given. antagonist control.
Nausea: morphine

5, placebo 1.

Vomiting: morphine

4, placebo 1.

No study with- High dose of 3
drawals reported.  dezocine better

NSD reported than morphine.

between groups.

Patients reporting:  Morphine better 3
placebo 2/12, than placebo.
morphine 6/13,

cocaine 4/16.

morphine +

cocaine 7/13.

Total side-effects ~ Morphine better 4
per dose: morphine than placebo.

(n = 14/50) 34;

placebo (n = 4/49)

9; pentazocine

(n=12/50) %;

codeine (n = [1/50)

25; oxycodone

(n=2/49) 3.

continued
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TABLE 39 contd Injected morphine in postoperative pain: patients, methods, outcomes and results of included studies

Study

Lippmann,
etal,
1989%

Morrison,
etdl, 19862

Narholt,
etal, 1996%

Pande, et al.,
19967

2 studies in
this report;
Study 2
only used.

Pandit,
et dl, 19852

Condition
and number
of patients

Major abdo-
minal and ortho-
paedic surgery
n=15

Age range:
18-65 years

Major obstetric
and gynaeco-
logical surgery
n=18l

Age range:
19-65 years

Third molar
extraction
n=1252
Age range:
18-40 years

Obstetric and
gynaecological
surgery
n=53

Age range:
26-61 years

Orthopaedic,
gynaecological
and general
surgery
n=190

Age range:
26-61 years

Design,
study duration
and follow-up

RCT, double-blind, single
dose, parallel group.
Assessments at 0,

30 minutes, | hour then
hourly intervals for

6 hours. Medication
taken when baseline
pain was at least
moderate.

RCT, double-blind, single
dose, parallel group.
Assessments at 0,

30 minutes, | hour then
hourly intervals for

6 hours. Medication
taken when baseline
pain was at least
moderate.

RCT, double-blind, single
dose, double-dummy,
parallel group. Assess-
ments at 0, 15,30,

45 minutes, | hour then
hourly intervals for

8 hours. Medication
taken when baseline
pain was at least
moderate.

RCT, double-blind, single
dose, parallel group.
Assessments at 0, 15,
30 minutes, | hour then
hourly intervals for

6 hours. Medication
taken when baseline
pain was at least
moderate.

RCT, double-blind, single
dose, parallel group.
Single observer,
assessments at 0, 15,

30 minutes, | hour then
hourly intervals for

4 hours. Medication
taken when baseline
pain was at least
moderate.

Outcome
measures

PI (4-point): 0 = none,
| =slight,2 =
moderate, 3 = severe
PR (scale not
described)

Additional analgesia
Treatment effective,
partially effective,
ineffective (derived
score)

Standard 4-point Pl
PR: I = unchanged,
worse, 2 < half gone,
3 = half gone, 4 2
half gone, 5 =
completely gone
Investigator global:

| = no effect, 2 = poor,
3 = fair, 4 = good,

5 = excellent

Need for supple-
mentary analgesia

Pl (5-point): 0 = gone,
| =slight,2 =
moderate, 3 = severe,
4 = unbearable

PI (1 1-point) 0-10

PR (5-point): 0 = none
to 4 = complete
Patient rating of
treatment 4 & 8 hours:
1-5

Onset of relief
Duration of relief
Remedication time

PIO-3

4.and 8 hour SPID
PR 04

Pain reduced by half
Patient rating of
treatment at end

of study

Pl (3-point): mild,
moderate, severe

% PR:0 = none,

| <50%,2 = 50%,
3>50%,4 = 100%
Pain reduced by half

Treatment
groups

Analgesic outcome
results (morphine
vs. placebo)

|.i.m.morphine, Morphine superior to

10mgn=30 placebo for most
2.im.placebo,  outcomes,as were
n=30 other active treatments
3.i.m. tonazocine, |.SPID see Figure 4.
2mgn=29 2.TOTPAR see Figure 3.
4.i.m. tonazocine,

4mgn=30

5.i.m. tonazocine,

2mgn =13l

|.i.m.morphine, |.SPID mean 6-hour:

10 mg,n=>5I

2.Placebo,n =55 5.07 (see Figure 2).
3. p.o.flurbi- 2.TOTPAR mean
profen,50 mg,  6-hour: morphine
n=53 2391, placebo 14.54

4.p.o.zomepirac, (see Figure 2)

100 mg,n=22  3.Patients requesting
additional analgesia:
morphine 12/47,
placebo 34/50.

|.i.m.morphine,  |.4-hour mean SPID
10mgn=37  (SD):morphine, 10 mg,
2.i.m.morphine, 1.9 (2.7); morphine,

20mgn=37  20mg3.9 (3.0)
3.im.placebo,  placebo -5 (2.5).
n=37 2.4-hour mean

4.i.m.lornoxicam, TOTPAR (SD):
4mgn=33 morphine, 10 mg, 5.1
5.i.m.lornoxicam, (3.8); morphine, 20 mg,
8mgn=38 88 (3.6); placebo 1.2
6.i.m. lornoxicam, (2.3).8-hour values
16mgn=38  available.

7.im. lornoxicam,

20 mg,n=37

|.i.m.morphine, |.6-hour mean SPID

10mgn=14  values not given, only
2.im.placebo,  levels of significance.
n=12 2. 6-hour mean
3.im.enadoline, TOTPAR (SEM):
I5mgn=14  morphine 2.7 (I.1),
(kappa agonist)  placebo 0.9 (1.2).
4,i.m. enadoline,

25mgn=13

|.i.m.morphine, Morphine superior to

10mgn=39  placebo for some but
2.im.placebo,  not all outcomes.
n=38 1.4-hour mean
3.im.dezocine, TOTPAR:morphine
5mgn=38 5.8, placebo 3.1.
4.im.dezocine,  2.50% relief at 4 hours:
10mgn=37  morphine 36.8%,
5.im.dezocine, placebo I1.4%.
15mgn=38  3.Difference in pro-

portion of patients
with adequate relief at
2 and 4 hours only
given for morphine

vs. placebo.

Withdrawals
and adverse
effects

See Figure 6 for %
remedicating by
time.

Dropped-out at

15, placebo 34.

Median time to
remedication,
minutes (range):
morphine, 10 mg,
185 (65-540);
morphine, 20 mg,
540 (100-540);
placebo 80
(30-540).

Adverse
events

Patients with none:

morphine 10/30,
placebo 25/30.

| patient reported

morphine 10.7, placebo 6 hours: morphine  adverse effect with

morphine; no
others.

Patients reporting:
morphine, 10 mg,
32/37; morphine,
20 mg, 37/37,
placebo 22/37.

Study stopped early None reported

due to neuro-
psychiatric effects
from enadoline.
Patients completing
study: morphine |,
placebo 0.

Not stated.

for morphine
or placebo.

Patients reporting:
morphine 0%,
placebo 8%.

Comment Quality

score

High dose of mixed 2
agonist antagonist
better than

morphine; only
extractable data

from physician rating
of effectiveness.

No differences 3
between NSAID

and morphine.
Zomepirac treat-
ments incomplete

as license withdrawn
during study. Non-
standard PR scale,

no extractable data.

No differences 5
between NSAID

and morphine.
Extractable data -
global rating?

No difference 4
between enadoline
and morphine.
Problems with
methods in study 2.

Dezocine (mixed 4
agonist antagonist)
better than

morphine on some
outcomes.

continued
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TABLE 39 contd Injected morphine in postoperative pain: patients, methods, outcomes and results of included studies

Study Condition Design, Outcome Treatment Analgesic outcome  Withdrawals Adverse Comment Quality
and number  study duration measures groups results (morphine  and adverse events score
of patients  and follow-up vs. placebo) effects

Powell, Orthopaedic, ~ RCT, double-blind, Standard 4-point PI |.i.m.morphine, Morphine superior % remedicated at  Patients reporting: Little difference 4

1985% gynaecological  multiple dose, parallel ~ PR:-| = worse, 10mgn=40  to placebo for all 6 hours: morphine  morphine 6 (15%), between ciramadol
and general group, more than one 0 =none, | =alittle, ~ 2.im.placebo,  outcomes,as were 48.7,placebo 90.  placebo 7 (18%).  and morphine.
surgery observer,assessments 2 = moderate, 3 = n=40 other active treatments. Extractable data:
n=160 at 0, 15,30 minutes,  alot, 4 = complete 3.im.ciramadol, |.TOTPAR, see TOTPAR from
Age range: | hour then hourly Patient ratingend of ~ 30mg,n=40 figures in text. figures in text.

18-65 years intervals for 6 hours.  treatment: | = poor, ~ 4.im.ciramadol, 2.SPID, see figures.
Medication taken when 2 = fair, 3 = good, 60mg,n=40  3.VAS SPID, see figures.
baseline pain wasat 4 = excellent 4. Patient rating of good
least moderate. or excellent: morphine

48.7%, placebo 26%.
Global: morphine 85%,

placebo 26% (see text).
van den Orthopaedic, ~ RCT, double-blind, Standard 4-point Pl |.i.m.morphine, Morphine superior to  Mean drop-out Incidence: Ciramadol better 2
Abeele &  gynaecological ~ single, parallel group, ~ PR:-I = worse, 5mgn=20 placebo for most rate, see text. morphine, [0 mg,  than morphine on
Camu, and general medical observer, 0=none, | =alitle, ~ 2.im.morphine, outcomes. 0/2; morphine, 5 mg, some outcomes.
1985" surgery assessments at 0,15, 2= moderate, 3 = 10mgn=20  1.6-hour TOTPAR: 4/20; placebo 4/20.
n=100 30 minutes, | hour then a lot,4 = complete 3.im.placebo,  morphine, 10 mg, 13.6;
Age range: hourly intervals for VAS Pl 10 cm n=20 morphine, 5 mg, 9.5;
I8-65years 6 hours.Medication ~ Sedation: 0-3 4.i.m. ciramadol, placebo I.I.
taken when baseline  Patient and investigator 30 mg,n=40  2.6-hour SPID:
pain was at least rating of treatment: ~ 5.im. ciramadol, morphine,|0 mg, 9.3;
moderate. poor, fair, good, 60mg,n=40  morphine,5 mg,6.3;
excellent placebo 1.3.

3. 6-hour VAS SPID:
morphine, 10 mg, 262.4;
morphine, 5 mg, 132.0;
placebo 37.9. Other
data available.

TABLE 40 Analgesia and adverse effects of intramuscular morphine, 10 mg

Trial (date order) At least 50% PR At least 50% PR RB or RR NNT

with morphine with placebo (95% CI) (95% CI)
Campos, et al, 1980'8 28/30 14/30 2.0 (1.4-3.0) 2.1 (1.5-3.7)
van den Abeele & Camu, 1983'° 15/20 2/20 7.5 (2.0-28.6) 1.5 (1.1-2.4)
Fragen, et al, 1983'° 17/36 4/35 4.1 (1.5-11.1) 2.8 (1.8-6.1)
Brown, et al, 1984%° 23/30 11729 2.0 (1.2-3.4) 2.6 (1.6-6.5)
Gravenstein, 1984 10/40 0/40 101 (0.2—>250) 4.0 (2.6-8.8)
Pandit, et al,, 1985% 8/39 2/38 3.9 (0.9-17.2) 6.7 (3.4-138)
Powell, 1985% 11/39 0/40 114 (0.2—>250) 3.6 (24-7.1)
de Lia, et al, 1986 15/30 5/30 3.0(1.3-7.2) 3.0 (1.8-9.1)
Morrison, et al, 1986 47/51 25/55 2.0 (1.5-2.7) 2.1 (1.6-3.2)
Kaiko, et al,, 1987"7 2/9 119 2.0 (0.2-18.8) 9.1 (2.2-)
Lippmann, et al,, 1989% 4/30 0/30 41 (0.1—> 250) 7.7 (3.9-85)
Brown, et al, 19917 17/30 6/30 2.8 (1.3-6.2) 2.7 (1.7-7.2)
de Andrade, et al, 1994'* 34/51 4/25 4.2 (1.7-10.5) 2.0(1.4-3.2)
Ngrholt, et al, 19967 9/37 0/37 91 (0.2—> 250) 4.2 (2.6-9.5)
Pande, et al, 19967 1714 0/12 9.4 (0.0—> 250) 14.3 (4.9—)
Combined analgesic data 241/486 74/460 2.8 (2.0-3.8) 2.9 (2.6-3.6)
Trials with < 32 treated patients 101/293 40/198 2.2 (1.8-2.8) 2.9 (2.34.1)
Trials with > 32 treated patients 136/293 35/270 4.0 (1.6-9.8) 3.0 (2.5-3.8)
Minor adverse effects 108/320 68/295 1.49 (1.09-2.04) 9.1 (5.6-27.7)
Major adverse effects 2/334 6/304 0.31 (0.07-1.38)
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At least 50% PR with 10 mg
intramuscular morphine (%)
100
80
60 —
40
20+
0-
I T T T T 1
0 20 40 60 80 100
At least 50% PR with placebo (%)

FIGURE 37 Relationship of the proportion of patients achieving
at least 50% pain relief with intramuscular morphine, 10 mg, to
the proportion obtaining at least 50% pain relief with placebo

in 15 trials

in which morphine was given by intravenous,
intramuscular or subcutaneous injection, and in
which single-dose analgesic efficacy was tested using
standard, validated methods. No subcutaneous
studies were found and only one intravenous study,
and only for intramuscular morphine, 10 mg, was
there sufficient information (494 treated patients)
for it to be pooled for meta-analysis. No studies of
diamorphine were found which met the criteria.

A single intramuscular dose of morphine, 10 mg,
had an NNT of 2.9 for at least 50% pain relief
compared with placebo. This means that one in
every three patients with pain of moderate to severe
intensity will experience at least 50% pain relief
with morphine which they would not have had with
placebo. Sensitivity analysis found that size of trial
did not make a difference (7able 40). Sensitivity
analysis was not performed for quality of trials,
since all but two reports had quality scores of 3 or
more. Overestimation of the effect of treatment has
been shown in trials with quality scores of 2 or less
using the same validated quality scale as here.*

The NNT for morphine can be compared with
those of other analgesics from similar meta-analyses
in which the efficacy of analgesics was compared
with placebo in patients with moderate or severe
postoperative pain. While there is as yet no com-
parable information available for other injected

analgesics, the NNT of 2.9 (95% CI, 2.6-3.8) for
intramuscular morphine, 10 mg, can be compared
with those obtained for oral tramadol, 100 mg,

(4.8 (95% (I, 3.4-8.2)),* for oral paracetamol,
1000 mg, (4.6 (95% CI, 3.9-5.4)), for paracetamol,
600/650 mg, plus codeine, 60 mg (3.1 (95% CI,
2.6-3.8)),* and for ibuprofen, 400 mg, (2.7 (95%
Cl, 2.5-3.0)). The equivalence of the NNTs for oral
NSAIDs and intramuscular morphine, 10 mg, is
supported by the repeated failure to separate them
in analgesic trials.**** A crucial issue here is dose.
Clearly with opioids, there should be dose titration
against effect. The NNT value of 2.9 is for 10 mg of
intramuscular morphine; giving 20 mg improved
the NNT value.”

Rank ordering of analgesics in this way is
potentially less accurate than taking the relative
efficacy of the individual drugs from within one
very large trial with a single randomisation. In the
absence of such head-to-head’ comparisons, the
authors consider that this indirect ranking, the
relative efficacy of the drugs against placebo, is
helpful in making clinical decisions. The trials used
to produce NNTs for analgesics compared with
placebo are all single-dose, postoperative, random-
ised and double-blind. The patients must have had
moderate to severe pain before being treated and
standard measures of pain were required. These
uniform quality standards and patient selection
criteria allow a credible indirect ranking of efficacy
to be made. Internal validity is demonstrated in
the ranking by the dose-response relationships
obtained for analgesics, with better analgesia
(lower NNT) obtained with higher doses

(Figure 56). External validity will come when there
are direct (head-to-head) comparisons which
confirm the rank order in the indirect table.

At first sight the fact that the analgesia from
intramuscular morphine, 10 mg, is no better than
the analgesia from a therapeutic dose of oral
NSAID is surprising.* Injected drugs are generally
thought of as more ‘powerful’ than oral drugs.

In reality, there is a considerable body of direct
evidence that confirms the indirect ranking.

For many years investigators have been unable

to distinguish the analgesia resulting from intra-
muscular morphine, 10 mg, and oral NSAID
(where comparisons were within the same trial
and, hence, randomised).

This is a clinically useful observation for patients
who can swallow and who have no contraindication
to NSAID. Oral NSAID appears to be the best anal-
gesic choice. There is no advantage to giving that
dose of NSAID by a suppository or injection.* If
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the patient can swallow but speedy analgesia is
required, then intravenous rather than intra-

muscular analgesia seems more logical. If the patient

cannot swallow, then intramuscular morphine, 10

mg, gives analgesia equivalent to oral NSAID, and

doubling the dose does indeed increase the anal-
gesia.” There is not, as yet, a ranking of injected
NSAID compared with injected opioid.
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Chapter 13

Dihydrocodeine in postoperative pain

Summary

The aim of this review was to determine the
analgesic efficacy and adverse effects of oral and
injectable dihydrocodeine from single dose studies
in moderate to severe postoperative pain. Publish-
ed studies were identified by searching electronic
databases and checking reference lists of retrieved
reports. Summed pain relief and pain intensity
data were extracted and converted to dichotomous
information yielding the number of patients with
at least 50% pain relief. This was used to calculate
the relative benefit and NNT for one patient to
achieve at least 50% pain relief.

In three reports (194 patients) oral dihydro-
codeine was compared with placebo and in one
(120 patients) dihydrocodeine, 30 mg or 60 mg,
was compared with ibuprofen, 400 mg. For a single
dose of dihydrocodeine, 30 mg, in moderate to
severe postoperative pain, the NNT for at least 50%
pain relief was 9.7 (95% CI, 4.5-») when compared
with placebo over a period of 4-6 hours. Pooled
data showed no significant difference in adverse
effect incidence for dihydrocodeine, 30 mg,
compared with placebo.

The 95% ClIs of the NNT included no benefit of
dihydrocodeine, 30 mg, over placebo. A statistical
superiority for ibuprofen, 400 mg, over dihydro-
codeine, 30 mg or 60 mg, was shown.

This chapter of the review has been published in
full by Edwards and colleagues.’

Introduction

Opioids are extensively used in the management
of pain and are believed capable of relieving severe
pain more effectively than NSAIDs.? The aim of
this quantitative systematic review was to assess the
efficacy and safety of a single dose of oral dihydro-
codeine in the management of postoperative pain
of moderate to severe intensity.

Dihydrocodeine is a synthetic opioid analgesic
developed in the early 1900s. Its structure and
pharmacokinetics are similar to that of codeine® and
itis used for the treatment of postoperative pain or

as an antitussive. In 1995, nearly one-tenth of all
analgesic prescriptions (opiate, non-opiate and
NSAID) issued in the UK were for dihydrocodeine.*
The proportion of dihydrocodeine used for the
treatment of postoperative pain is not known.

Methods

A search was undertaken for RCTs of dihydro-
codeine in postoperative pain which covered
MEDLINE (1966-February 1997), EMBASE
(1980-97), the Cochrane Library (January 1997),
Biological Abstracts (1985-97), and the Oxford
Pain Relief Database (1950-94).° The terms
‘dihydrocodeine’, ‘random™*’, ‘clinical trial’,
‘trial’, analgesi*’, ‘pain’ and 36 brand names and
preparations® were used in a broad free-text search
without restriction to language. Additional reports
were identified from reference lists of retrieved
articles. Unpublished data were not sought.

Included reports
The inclusion criteria used were:

full journal publication

postoperative pain

postoperative administration

adult patients

baseline pain of moderate to severe intensity
double-blind design

random allocation to treatment groups which
included dihydrocodeine and placebo.

Pain outcomes used were TOTPAR or SPID over
4-6 hours or sufficient data provided to allow

their calculation. Pain measures allowed for the
calculation of TOTPAR were a standard five-point
pain relief scale (none, slight, moderate, good,
complete), and for SPID a standard four-point pain
intensity scale (none, mild, moderate, severe).

Data extraction and analysis
Extracted from each study were:

the number of patients treated
the mean TOTPAR or SPID
study duration

the dose of dihydrocodeine
information on adverse effects.
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Mean TOTPAR or SPID values were converted

to % maxTOTPAR or % maxSPID by division into
the calculated maximum value.” The referenced
equations were used to estimate the proportion of
patients achieving at least 50% maxTOTPAR.**
This was then converted to the number of patients
achieving at least 50% maxTOTPAR by multiplying
by the total number of patients in the treatment
group. The number of patients with at least 50%
maxTOTPAR was then used to calculate estimates
of relative benefit and NNT.

Estimates of relative benefit and risk, with 95% Cls,
were calculated using a random effects model."
Homogeneity was assumed when p > 0.1. A statistic-
ally significant benefit of active treatment over

control was assumed when the CI did not include 1.

A statistically significant benefit of control over
active treatment was assumed when the upper limit
of the 95% CI of the relative benefit was < 1. NNT

and NNH with 95% CIs were calculated.!! The

95% CI of the NNT indicates no benefit of one
treatment over the other when the upper limit
includes infinity.

Results

A total of 48 published reports of dihydrocodeine
in postoperative pain were identified, of which two
could not be obtained from the British Library. Of
the retrieved reports, 18 studies were not random-
ised and were excluded, leaving 28 randomised
studies. Of these, two included other pain con-
ditions, five had no extractable pain outcome data,
seven were not double-blind, four used dihydro-
codeine as a rescue analgesic only, and six did

not specify baseline pain of moderate to severe
intensity. These reports were also excluded. Details
of the included studies are given in Table 41.

TABLE 41 Dihydrocodeine in postoperative pain: summary of included trials

Study Condition  Study design, Outcome Dosing
and number  duration and measures regimen
of patients  follow-up

Dihydrocodeine versus placebo

Frame, Impacted third RCT, double-blind, single Pl (9-point scale), Dihydrocodeine,
etal, 19892 molar removal oral dose, parallel groups. non-standard 30 mg (n = 49);
n=148 Assessed at 0.5, | hour PR (5-point scale) placebo (n = 50)
Age:adult and then hourly for standard
5 hours. Medication taken
when pain of moderate to
severe intensity.

Galasko, ~ Orthopaedic ~ RCT, double-blind, PI (5-point scale), Dihydrocodeine,

etal, surgery multiple oral dose, parallel non-standard 30 mg (n =30);
1989" n=89 groups.Assessed at 0.5, PR (5-point scale), placebo (n = 28)
Age range: | hour and then hourly ~ standard
18-80 years  for 6 hours. Medication ~ VAS, 100 mm

taken when pain of moder- (‘no pain’ to
ate to severe intensity.  ‘worst pain | have
ever felt)

McQuay,  Minor day-case RCT, double-blind,

Pl (4-point scale), Dihydrocodeine,
etal, 985" surgery multiple oral dose, parallel standard

30mg (n = 18);

(general) groups.Assessed at 0.5, PR (5-point scale), placebo (n = 19)
n=>54 | hour and then hourly  standard
Age:adult for 4 hours. Medication  VAS, 100 mm

taken when pain of moder-
ate to severe intensity.

Dihydrocodeine versus ibuprofen

McQuay,  Lowerthird  RCT, double-blind, Pl (4-point scale), Dihydrocodeine,
etal, 1993" molar removal multiple oral dose, cross- ~ standard 30 mg (n = 40);
n=68 over design. Self-assessed PR (5-point scale), dihydrocodeine,
Age:adult at 0.5, | hour and then  standard 60 mg (n = 40);
hourly for 6 hours. Medi- ~ Global rating placebo (n = 40)
cation allowed when pain  (5-point scale),
of moderate to severe  standard
intensity.

dihydrocodeine, 30 mg,
0.5; placebo 0.3

Dihydrocodeine not
significantly different
to placebo.

Mean TOTPAR at 6 hours: remedicated,
dihydrocodeine 1.3,

TOTPAR: dihydrocodeine ~ cated patients initial mild, no patients

Analgesic outcome  Remedication ~ Withdrawals Adverse effects

results and exclusions

Dihydrocodeine 30 mg ~ Remedication 18 withdrew: No serious adverse effects
not significantly different  allowed at 2 hours. 9 insufficient pain,  reported; no patients

to placebo. If remedicated 7 did not return withdrew as result.
4-hour TOTPAR: patients withdrawn assessment forms,  Dihydrocodeine, 30 mg:

and PR set to zero | did not complete  1/49 with | adverse effect.
for all further time  assessment forms,  Placebo: 1/50 with 3 adverse
points. | postoperative events.

complications.

Multiple dose study; 9 withdrew because No patients experienced
second dose given  of inadequate adverse effects in single dose
as required. If analgesia after first  analysis.

dose. Dihydro-

patients excluded  codeine, 30 mg

placebo 1.1 from analysis. (n = 3); placebo

(n=6).
4-hour SPID and Allowed after Single dose analysis: ~ Dihydrocodeine, 30 mg:
TOTPAR presented. | hour. If remedi-  all adverse effects  6/18 with 6 adverse events.

Placebo: 3/19 with 3

Pland PR scores  withdrew as result. ~ adverse events.

significantly better than
placebo (p < 0.05);
dihydrocodeine, 30 mg,
6.5; placebo 3.2

TOTPAR at 6 hours:
dihydrocodeine, 30 mg,
3.3; dihydrocodeine,

60 mg, 4.7, ibuprofen,
400 mg, 10.0

Ibuprofen significantly
better than dihydro-
codeine, 30 mg or 60 mg,
(b<001)

used for all further NSD between
dihydrocodeine
and placebo.

time points.

If remedicated at
6 hours, initial PI
score and PR score
of zero used for all
further time points.

3 patients withdrew.

Single-dose adverse effects
data were not presented.
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Four studies met the inclusion criteria: three

were placebo-controlled and one used ibuprofen,
400 mg, as an active control. All four studies exam-
ined the effects of oral dihydrocodeine. Three
trials'*"* compared dihydrocodeine, 30 mg, with
placebo and one'® compared dihydrocodeine,

30 mg or 60 mg, with ibuprofen, 400 mg.

Oral dihydrocodeine versus placebo
No reports comparing dihydrocodeine, 60 mg,
with placebo met our inclusion criteria. Three
reports compared dihydrocodeine tartrate,

30 mg, (91 patients) with placebo (85 patients).
One trial investigated dental pain,'? one ortho-
paedic pain," and one pain following minor
day-case surgery.'*

The proportion of patients experiencing at

least 50% pain relief with dihydrocodeine varied
between 14% and 50%, with a mean value of 35%.
The proportion of patients experiencing at least
50% pain relief with placebo varied between 5%
and 50%, with a mean of 23% (Figure 38). The
data sets were homogeneous (p = 0.12). Dihydro-
codeine, 30 mg, was not significantly different from
placebo, relative benefit 1.7 (95% CI, 0.7-4.0)
(Table 42). For a single dose of dihydrocodeine,

30 mg, compared with placebo the NNT was

9.7 (95% CI, 4.5—) for at least 50% pain relief
over a period of 4-6 hours in postoperative pain
of moderate to severe intensity.

Adverse effects

Details of adverse effects are given in Table 43. The
incidence of adverse effects with dihydrocodeine
was not significantly different from placebo. All
adverse effects were mild and transient in nature
and no patients withdrew as a result.

Oral dihydrocodeine vs ibuprofen
In one study,” the efficacy and safety of either
dihydrocodeine tartrate, 30 mg (40 patients) or

At least 50% PR with i.m.
morphine, 10 mg (%)
60
50 -
O
40
30 A
20 -
- A
10
0 T T T T T
0 10 20 30 40 50 60
At least 50% PR with control (%)

FIGURE 38 Trials of oral dihydrocodeine in postoperative pain
(8, dihydrocodeine, 30 mg, vs. placebo; o, dihydrocodeine, 30 mg, vs.
ibuprofen, 400 mg; a, dihydrocodeine, 60 mg, vs. ibuprofen, 400 mg)

60 mg (40 patients), was compared with ibuprofen,
400 mg (40 patients), in dental pain.

The proportion of patients experiencing at least
50% pain relief with dihydrocodeine, 30 mg, was
8%, with dihydrocodeine, 60 mg, it was 15% and
with ibuprofen, 400 mg, (active control) it was
45% (Figure 38). A statistical superiority of ibu-
profen, 400 mg, over dihydrocodeine, 30 mg, and
dihydrocodeine, 60 mg, was shown, with relative
benefit values of 0.2 (95% CI, 0.1-0.5) and

0.3 (95% CI, 0.2-0.8), respectively.

Ibuprofen, 400 mg, was significantly better than
dihydrocodeine, 30 mg, or dihydrocodeine, 60 mg,

TABLE 42 Summary of relative and NNT for trials of dihydrocodeine against placebo and ibuprofen, 400 mg

Dose of
dihydrocodeine

Number
of trials
> 50% PR:

dihydrocodeine

Versus placebo

3 30 mg 29/97
Versus ibuprofen, 400 mg

I 30 mg 3/40
I 60 mg 6/40

Number of
patients with

Number of RB NNT
patients with (95% CI) (95% CI)
> 50% PR: placebo
or ibuprofen, 400 mg
19/97 1.7 (0.7,40) 9.7 (4.5, )
18/40 0.2 (0.1,0.5) -2.7 (-1.8,-5)
18/40 0.3(0.2,0.8) -3.3 (-2.1,-9)

Negative NNTs in the comparison with ibuprofen mean that ibuprofen is better than dihydrocodeine.
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(Figure 38). When compared with ibuprofen,

400 mg, the NNT for a single dose of dihydro-
codeine, 30 mg, was —2.7 (95% CI, -1.8, -5) for at
least 50% pain relief over a period of 4-6 hours in
postoperative pain of moderate to severe intensity
(Table 42). Similarly, for a single dose of dihydro-
codeine, 60 mg, the NNT was -3.3 (95% CI, -2.1,
-9) for at least 50% pain relief over a period of
4-6 hours.

Adverse effects
No single dose adverse effect data were presented.'®

Comment

Dihydrocodeine is the second most commonly
prescribed opioid in England, with 1.5 million
prescriptions issued for dihydrocodeine tartrate
tablets alone in 1995. This increased to 1.6 million
in 1996. No papers were found which investigated
injected dihydrocodeine in the evaluation of
postoperative pain with standard analgesic
measurement methods.

For a single dose of oral dihydrocodeine tartrate,
30 mg, compared with placebo the NNT was 9.7
(95% CI, 4.5—) for at least 50% pain relief over

a period of 4-6 hours in postoperative pain of
moderate to severe intensity. This means that one
in every ten patients with moderate to severe post-
operative pain would experience at least 50% pain
relief with dihydrocodeine, 30 mg, who would not
have done so with placebo. However, the estimate
of relative benefit showed no significant difference
between dihydrocodeine, 30 mg, and placebo.

A rank order of single dose analgesic efficacy in
postoperative pain of moderate to severe intensity
has been established by comparing orally adminis-
tered analgesics from methodologically similar
studies in other chapters in this review. A number
of analgesics demonstrated greater efficacy than for

dihydrocodeine, 30 mg, although the NNT 95%
CIs for many of these overlap. The 95% CIs for ibu-
profen, 200 mg (2.8-4.0) and 400 mg (2.5-3.0),
and diclofenac, 50 mg (2.0-2.7) do not overlap
with those those for dihydrocodeine, 30 mg,
indicating greater analgesic efficacy.

This rank order of relative efficacy against placebo
is supported by a head-to-head comparison with
ibuprofen. The analgesic efficacy of a single dose
of oral dihydrocodeine, 30 mg or 60 mg, was signifi-
cantly inferior to ibuprofen, 400 mg. For a single
dose of dihydrocodeine, 30 mg, compared with
ibuprofen, 400 mg, the NNT was —2.7 (95% CI,
-1.8, -5) for at least 50% pain relief over a period
of 4-6 hours in postoperative pain of moderate to
severe intensity. This means that for every three
patients with moderate to severe postoperative pain
treated with ibuprofen, 400 mg, one will experi-
ence at least 50% pain relief who would not have
done if given dihydrocodeine, 30 mg.

Similarly, for a single dose of dihydrocodeine,

60 mg, compared with ibuprofen, 400 mg, the
NNT was 3.3 (95% CI, —2.1, -9) over a period

of 4-6 hours. So, one in every three patients with
moderate to severe postoperative pain treated with
ibuprofen, 400 mg, would experience at least 50%
pain relief who would not have done if given
dihydrocodeine, 60 mg.

Nausea, vomiting, headache, dizziness, drowsiness
and confusion were the most commonly reported
adverse effects for a single dose of oral dihydro-
codeine, 30 mg, when compared with placebo.
The incidence of adverse effects was not signifi-
cantly different for dihydrocodeine, 30 mg, than
for placebo (Table 43).

Our results suggest dihydrocodeine to be less
effective than other analgesics when administered
as a single oral dose. Few of the retrieved reports
investigating oral dihydrocodeine met the criteria

TABLE 43 Summary of adverse effects of oral dihydrocodeine and placebo

Number  Adverse effect Number of patients Number of patients RR NNH

of trials with adverse effects: with adverse effects: (95% CI) (95% CI)
dihydrocodeine placebo

3 Nausea or vomiting 7197 0/97 25 (0.7-907) N/A

3 Headache 3/97 0/97 1.05 (0.3-4.4) N/A

3 Dizziness, drowsiness 5/97 1197 4.2 (0.6-28) N/A

or confusion

N/A: Not calculated because NSD from placebo was shown for RR.
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for inclusion in this quantitative systematic
review. This resulted in very little patient data
being available for analysis, particularly for
dihydrocodeine, 60 mg, which is often the
preferred dose. Administering dihydrocodeine
in multiple doses may improve its analgesic
efficacy but may also increase the incidence

of adverse effects.
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Chapter 14

Dextropropoxyphene in postoperative pain

Summary

The aim of this review was to determine the
analgesic efficacy and adverse effects of oral
dextropropoxyphene alone and in combination
with paracetamol for moderate to severe post-
operative pain. Published reports were identified
from a variety of electronic databases and
additional studies were identified from the
reference lists of retrieved reports.

Summed pain intensity and pain relief data were
extracted and converted into dichotomous inform-
ation to yield the number of patients with at least
50% pain relief. This was used to calculate the
relative benefit and NNT for one patient to achieve
at least 50% pain relief. In six studies (440 patients)
dextropropoxyphene was compared with placebo
and in five (963 patients) dextropropoxyphene
plus paracetamol, 650 mg, was compared

with placebo.

For a single dose of dextropropoxyphene, 65 mg,
in postoperative pain, the NNT for at least 50%
pain relief was 7.7 (95% CI, 4.6-») when compared
with placebo over 4-6 hours. For the equivalent
dose of dextropropoxyphene in combination with
paracetamol, 650 mg, the NNT was 4.4 (95% CI,
3.5-5.6) when compared with placebo. Pooled data
showed increased incidence of central nervous
system adverse effects for dextropropoxyphene
plus paracetamol compared with placebo.

Dextropropoxyphene, 65 mg, plus paracetamol,
650 mg, has a similar analgesic efficacy to tramadol,
100 mg, but with a lower incidence of adverse
effects. Ibuprofen, 400 mg, has a lower (better)
NNT than both dextropropoxyphene, 65 mg, plus
paracetamol, 650 mg, and tramadol, 100 mg.

The review has been published in full by Collins
and colleagues.'

Introduction

Dextropropoxyphene is an opioid analgesic which
has been widely available since the 1950s. It is
commonly used both alone, and in combination
with paracetamol under such brand names as

Co-proxamol® and Distalgesic®. In 1996, there
were 10 million prescriptions in England for co-
proxamol alone, which represents one-fifth of all
analgesics prescribed (opiate, non-opiate and
NSAIDs); however, it is not clear how much was
used for postoperative pain.?

Patient surveys have shown that postoperative pain
is often not managed well® and there is a growing
need to assess the efficacy and safety of commonly
used analgesics as newer treatments become avail-
able. Judging relative analgesic efficacy is difficult
as clinical trials use a variety of comparators. It
can, however, be determined indirectly by
comparing analgesics with placebo in similar
clinical circumstances to produce a common
analgesic descriptor such as the NNT for at least
50% pain relief. This quantitative systematic review
of the analgesic efficacy of dextropropoxyphene
has been produced using this method, both with
and without paracetamol, allowing comparison
with other analgesics.

Methods

A search was undertaken of MEDLINE
(1966-November 1996), EMBASE (1980-96), the
Cochrane Library (November 1996), Biological
Abstracts (1985-96) and the Oxford Pain Relief
Database (1950-94)* for RCTs of dextropropoxy-
phene, and its combinations in postoperative pain.
The terms ‘dextropropoxyphene’, ‘d-propoxy-
phene’, ‘propoxyphene’, ‘random™*’, ‘clinical trial’,
‘trial’, ‘study’, analgesi*’, ‘pain’ and 41 brand
names (including Distalgesic and Co-proxamol)®
were used in a broad free text search without
restriction to language. Additional reports were
identified from reference lists of retrieved articles
and reviews. Unpublished data were not sought.

Included reports
The inclusion criteria used were:

full journal publication

postoperative pain

postoperative oral administration

adult patients

baseline pain of moderate to severe intensity
double-blind design
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¢ random allocation to treatment groups which
included dextropropoxyphene and placebo
or a combination of dextropropoxyphene plus
paracetamol and placebo.

Pain outcomes used were TOTPAR or SPID over
4-6 hours or sufficient data provided to allow their
calculation. Pain measures allowed for the calcu-
lation of TOTPAR or SPID were a standard five-
point pain relief scale (none, slight, moderate,
good, complete) or a standard four-point pain
intensity scale (none, mild, moderate, severe).

Data extraction and analysis
The following were extracted from each study:

the number of patients treated

the mean TOTPAR or mean SPID

study duration

dose of dextropropoxyphene and paracetamol,
where appropriate

¢ information on adverse effects.

Mean TOTPAR and mean SPID values were
converted to % maxTOTPAR or % maxSPID

by division into the calculated maximum value.®
The referenced equations were used to estimate
the proportion of patients achieving at least
50% maxTOTPAR.”® The proportions were
converted to the number of patients achieving
at least 50% maxTOTPAR by multiplying by the
total number of patients in the treatment group.
The number of patients with at least 50%
maxTOTPAR was then used to calculate

relative benefit and NNT.

Relative benefit and relative risk estimates with
95% CIs were calculated using the random effects
model which provides a more conservative estimate
of relative benefit than the fixed effects model.’
Homogeneity was assumed when p > 0.1. A statist-
ically significant benefit of active treatment over
placebo was assumed when the lower limit of the
95% CI of the relative benefit was > 1. A statistically
significant benefit of placebo over active treatment
was assumed when the upper limit of the 95% CI
of the relative benefit was < 1. The NNT and

NNH with their 95% CIs were calculated.'” The
95% CI includes no benefit of one treatment

over the other when the upper limit is

represented as infinity.

Dextropropoxyphene is available as either the
hydrochloride or napsylate salt. Equivalent molar
doses are 65 mg of dextropropoxyphene hydro-
chloride and 100 mg of dextropropoxyphene
napsylate.

Results

A total of 130 published articles were identified.
Two could not be obtained and attempts to contact
the authors were unsuccessful. Five citations
obtained from reference lists of retrieved reports
could not be traced by the British Library. Of the
123 retrieved reports, 33 were not RCTs, 24 were
not postoperative pain models or included other
pain conditions, 21 were not placebo-controlled,
and in five dextropropoxyphene was used as a
rescue analgesic only.

Of the 40 RCTs that were placebo-controlled,
patients did not have baseline pain of at least
moderate severity in ten studies, in 16 there were
no pain outcomes which were compatible with our
inclusion criteria, and two studies were not double-
blind. The data from one study was duplicated and
therefore one of the duplicates' was excluded.
This left 11 reports which met the inclusion criteria
and were included in the analysis. Details of the
individual studies are presented in Table 44.

Dextropropoxyphene versus placebo
Six studies compared dextropropoxyphene
hydrochloride, 65 mg (214 patients), with placebo
(226 patients), and one trial also compared a dose
of 130 mg (25 patients) with placebo (25 patients).
In two trials'®"? postpartum pain (episiotomy) was
investigated, and there were single studies of pain
following peridontal surgery,'* post-urogenital
surgery,'® post-gynaecological surgery,'® and after
various surgical interventions.'”

The placebo response rate (the proportion of
patients experiencing at least 50% pain relief with
placebo) varied between 4% and 76%. The dextro-
propoxyphene response rate (the proportion of
patients experiencing at least 50% pain relief with
dextropropoxyphene) varied between 19% and
84% (Figure 39). Data were homogenous (p=0.13).
Dextropropoxyphene, 65 mg, was not significantly
different from placebo, relative benefit 1.4 (95%
CI, 0.97-2.0) (Table 45).

For a single dose of dextropropoxyphene, 65 mg,
the NNT was 7.7 (95% CI, 4.6—) for at least 50%
pain relief over a period of 4-6 hours compared with
placebo for pain of moderate to severe intensity.

Pooled relative benefit estimates were calculated
using the random effects model.’

One trial'” used a dose of 130 mg of dextropro-
poxyphene (25 patients). The relative benefit
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TABLE 44 Dextropropoxyphene in postoperative pain: details of included studies

Study

Condition  Study design,
and number  duration and
of patients  follow-up

Dextropropoxyphene plus paracetamol

Cooper,

etal, 1981 n=248

Dental surgery RCT, double-blind, single
oral dose, parallel groups,
general or local anaes-
thetic Self-assessed at
home at 0, | hour then
hourly for 4 hours.
Medication given when
pain of moderate to
severe intensity

Age:adult

Cooper,  Dental surgery RCT, double-blind, single
1980'® n=179 oral dose, parallel groups,
Age:adult mostly local anaesthetic.
Self-assessed at 0, | hour
then hourly for 4 hours.
Medication given when
pain of moderate to
severe intensity.
Evans, et al, Minor RCT, double-blind, single
19827 orthopaedic oral dose, parallel groups,
surgery general anaesthetic.
n=120 Assessed by same nurse
Age:adult observer at 0,0.5, | hour
then hourly for 4 hours.
Medication given when
pain of moderate to
severe intensity.
Honig&  Postoperative, RCT, double-blind, single
Murray, primarily oral dose, parallel groups.
1981? orthopaedic ~ Assessed by nurse
n=19% observer at 0,0.5, | hour
Age range: then hourly for 6 hours.
19-74 years  Medication given when
pain of moderate to
severe intensity.
Moore &  Dental + Individual patient data
McQuay,  postoperative from |8 double-blind,
19977 pain RCTs. Study duration
n=638 8 hours. Single oral dose,
Age: adult parallel groups. Medi-
cation was given when
pain of moderate to
severe intensity.
Dextropropoxyphene alone
Berry, Postpartum  RCT, double-blind, single
etal, 1975 pain oral dose, parallel groups.
(episiotomy)  Assessed by observer in
n=225 hospital at 0.5, | hour,
Age range: then hourly for 4 hours.
I5-39 years  Medication taken when

pain of moderate to
severe intensity.

Outcome
measures

Pl (4-point scale)
standard

PR (5-point scale)
standard

Global evaluation
by patient
(5-point scale)

at 4 hours

Pl (4-point scale)
standard

PR (5-point scale)
standard

Global evaluation
by patient
(5-point scale)

at 4 hours

Pl (4-point scale)
standard
PR (5-point scale)
standard

Pl (4-point scale)
standard

PR (5-point scale)
non-standard
Global evaluation
by patient at

5 hours (5-point)

Number of
patients with at
|east 50%
maxTOTPAR

Pl (4-point scale)
standard

PR (5-point)
non-standard
Global rating
(5-point scale)
by patient

Dosing
regimen

Dextropropoxy-
phene napsylate,
100 mg, + para-

cetamol, 650 mg
(n = 42); placebo
(n=37)

Dextropropoxy-
phene napsylate,
100 mg, + para-

cetamol, 650 mg
(n = 40); placebo
(n=48)

Dextropropoxy-
phene hydro-
chloride, 65 mg,
+ paracetamol,
650 mg (n = 30);
placebo (n = 30)

Dextropropoxy-
phene napsylate,
100 mg, + para-

cetamol, 650 mg
(n = 50); placebo
(n=48)

Dextropropoxy-
phene napsylate,
100 mg, + para-
cetamol, 650 mg
(n = 316); placebo
(n=322)

Dextropropoxy-
phene hydro-
chloride, 65 mg
(n =730; placebo
(n=76)

Analgesic outcome
results

Combination of dextro-
propoxyphene with
paracetamol significantly
better than placebo for
SPID and TOTPAR

(p <0.001).

4-hour TOTPAR:
dextropropoxyphene

+ paracetamol 8.31,
placebo 3.38.

Combination of dextro-
propoxyphene with
paracetamol significantly
better than placebo for
SPID and TOTPAR

(p <0.05).

4-hour TOTPAR:
dextropropoxyphene +
paracetamol 5.65, placebo
4.17.

Dextropropoxyphene +
paracetamol significantly
better than placebo

(p < 0.05) for TOTPAR.
4-hour TOTPAR:
dextropropoxyphene +
paracetamol 7.37, placebo
4.70.

Combination of dextro-
propoxyphene with para
cetamol significantly better
than placebo (p < 0.05)
for SPID and TOTPAR.
6-hour TOTPAR:
dextropropoxyphene +
paracetamol 8.04, placebo
5.49.

Number of patients with
at least 50% maxTOTPAR:
dextropropoxyphene
napsylate, 100 mg, +
paracetamol, 650 mg,
112/316; placebo, 41/322.

Dextropropoxyphene
significantly better than
placebo (p < 0.01).
Global evaluation (good
or excellent PR): dextro-
propoxyphene 26/73,
placebo 18/76.

Withdrawals
and exclusions

Remedication

Allowed at 200 analysed, 48
> | hour; if excluded: 31 violated
remedicated before protocol, 17 did not
patient withdrawn  take medication.

from study. If
remedicated, PR
recorded as 0,and
last Pl score prior
to remedication
taken for all further

time points.

Did not state when 179 analysed.
remedication No withdrawals
allowed. If remedi-  reported.

cated, last PR and
Pl score before
remedication used
for all further
time points.

If remedicated 120 analysed. No
before 4 hours, last  withdrawals were
Pl and PR score reported.

prior to remedi-

cation used for all

further time points.

If remedicated 196 analysed.
within 6 hours No withdrawals
patient’s overall reported.

rating of drug taken

at time of
remedication.

None reported. ~ None reported.

Patients allowed to 225 analysed;
remedicate after  no details given.
reasonable amount

of time. If remedi-

cated, patients were

regarded as a

treatment failure.

Adverse effects

None serious and no
patients withdrew as result.
Dextropropoxyphene +
paracetamol, 5/42 with

5 adverse effects; placebo,
4137 with 5.

None serious and no
patients withdrew as a result.
Dextropropoxyphene +
paracetamol, 10/40 with

13 adverse events.

Placebo: 13/48 with 17
adverse events.

None serious and no
patients withdrew as a
result. Dextropropoxyphene
+ paracetamol: 6/30 with
|6 adverse events.

Placebo: 13/30 with

|3 adverse events.

Authors did not give details
of adverse events but
reported NSD between
active drug and placebo
groups.

None serious and no
withdrawals.
Dextropropoxyphene +
paracetamol, 88/316 adverse
events; placebo, 66/322
adverse events. Significantly
higher incidence with active
treatment than placebo for:
dizziness, relative risk 2.0
(1.1-4.0); drowsiness/
somnolence, 2.16 (1.5-3.2).

No adverse effects were
reported with either active
treatment or placebo.

continued
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TABLE 44 contd Dextropropoxyphene in postoperative pain: details of included studies

Study Condition

Study design,

and number duration and

of patients

follow-up

Dextropropoxyphene alone contd

Bloomfield ~ Postpartum
etal, 980" pain
(episiotomy)
n=100
Age:adult
Cooper,  Peridontal
etal, surgery
198" n=30l
Age:adult
Coutinho,  Urogenital
etal, surgery
1976 n=15
Age: adult
Trop,etal, Postoperative
1979" pain, various
procedures
n=125
Age range:
18-73 years
van Staden, Gynaeco-
1971'6
n=91
Age:adult

RCT, double-blind, single
oral dose, parallel groups.
Assessed, in hospital, by
same nurse observer at
0,0.5, | hour then hourly
for 6 hours. Medication
taken when pain of
moderate to severe
intensity.

RCT, double-blind, single
oral dose, parallel groups,
local anaesthetic. Self-
assessed at 0,0.5, | hour
then hourly for 6 hours.
Medication taken when
pain of moderate to
severe intensity.

RCT, double-blind, single
oral dose, parallel groups,
local anaesthetic. Assessed
by observer at 0,0.5,

| hour then hourly for

5 hours. Medication

taken when pain of
moderate to severe
intensity.

RCT, double-blind, single
oral dose, parallel groups,
local anaesthetic. Assessed
by observer at 0,0.5,

| hour then hourly for

5 hours. Medication taken
when pain of moderate to
severe intensity.

RCT, double-blind,

logical surgery crossover design, general

anaesthetic. Self-assessed

at | hour then hourly for

8 hours. Medication given

when pain of moderate to
severe intensity.

Outcome
measures

Pl (4-point scale)
standard
PR not measured

Pl (4-point scale)
standard

PR (5-point scale)
standard

Global evaluation
by patient at

6 hours (5-point)

Pl (4-point scale)
standard

PR (5-point scale)
non-standard

Pl (4-point scale)
standard
PR (5-point scale)
standard

Pl (4-point scale)
standard

PR measured as
Pl difference

Dosing
regimen

Dextropropoxy-
phene hydro-
chloride, 65 mg
(n = 25); placebo
(n=25)

Dextropropoxy-
phene hydro
chloride, 65 mg
(n = 50); placebo
(n=56)

Dextropropoxy-
phene hydro-
chloride, 65 mg
(n = 15); placebo
(n=15)

Dextropropoxy-
phene hydro
chloride, 65 mg
(n = 25); dextro-
propoxyphene
hydrochloride,
130 mg (n =25);
placebo (n = 25)

Dextropropoxy-
phene hydro-
chloride, 65 mg
(n = 26); placebo
(n=29)

estimate for dextropropoxyphene, 130 mg,
compared with placebo was 10 (95% CI, 1.4-73).

The NNT was 2.8 (95% CI, 1.8-6.5) for at least 50%

pain relief over a period of 5 hours compared with
placebo for pain of moderate to severe intensity.

Adverse effects

Details of adverse effects are presented in Table 46.
No patients withdrew as a result of adverse effects

Analgesic outcome
results

Dextropropoxyphene
not significantly better
than placebo at 0%
probability level.

SPID at 6 hours:
dextropropoxyphene
9.32, placebo 8.12.

Dextropropoxyphene
significantly better than
placebo (p < 0.1).
TOTPAR at 6 hours:
dextropropoxyphene
7.7, placebo 5.2.

Dextropropoxyphene
not significantly better
than placebo (p not
given).

Mean SPID at 5 hours:
dextropropoxyphene
4.5, placebo 3.3.

Dextropropoxyphene,
130 mg, significantly
better than placebo
(p<0.01).

SPID and TOTPAR given
at 6 hours.

TOTPAR: dextropro-
poxyphene, 65 mg, 8.54;
dextropropoxyphene,
130 mg, 9.03; placebo,
2.68.

Dextropropoxyphene
not significantly better
than placebo (p not
given).

SPID at 4 hours: dextro-

propoxyphene hydro-
chloride, 65 mg, 1.64;
placebo, 1.57.

Remedication

If remedicated
patients withdrawn
from study. Subse-
quent PR readings
set to pre-treatment
score.

Allowed after | hour.
Last score prior to
remedication was
used for duration

of study.

Allowed at 4 hours

if no PR. If
remedicated before

4 hours, patients
withdrawn from study.

Did not state mini-
mum time allowed for
remedication. Last PR
score before remedi-
cation used for all
further time points.

Allowed after | hour
if no PR. PR scored
as zero for all
subsequent time
points.

Withdrawals
and exclusions

100 analysed.

6 withdrew: no pain
relief or patients
remedicated.

212 analysed, 91
excluded: 48 did not
medicate, 17 missed
readings, 9 lost to
follow-up, 4 remedi-
cated at < | hour,

3 remedicated with
slight pain, 4 uninter-
pretable data, 2 took
other medication, 2
did not receive study

medicine, | lost form.

No exclusions
or withdrawals.

78 patients analysed.
47 excluded due to
protocol violation.

80 patients analysed,
|1 excluded: 6
violated protocol,

2 vomited, 3 had
insufficient pain.

Adverse effects

No serious adverse effects
were reported and no
patients withdrew as a result.
Dextropropoxyphene,

6/25 with 12 adverse events;
placebo, 9/25 with 9 adverse
events.

No serious adverse effects
were reported and no
patients withdrew as a result.
Dextropropoxyphene, [0/50
with 10 adverse events;
placebo, 5/56 with 5 adverse
events.

No serious adverse effects
were reported and no
patients withdrew as a result.
Dextropropoxyphene, 1/15
with | adverse event;
placebo, 0/15.

Authors reported significant
difference from placebo for
central nervous system
adverse events (p = 0.05).
None serious and no
withdrawals.
Dextropropoxyphene
hydrochloride, 65 mg, 19/25
with 27 adverse events;
dextropropoxyphene
hydrochloride, 130 mg, 23/25
with 34 adverse events;
placebo, 10/25 with 12
adverse events.

No serious adverse effects
were reported and no
patients withdrew as a result.
Dextropropoxyphene, 4/26
with 4 adverse events;
placebo, 1/29.

and all were reported as transient and of
mild to moderate severity. One study reported
no adverse effects with either placebo or active

treatmen

t.12

In one study, the authors reported that dextropro-
poxyphene, both 65 mg and 130 mg, have a signifi-
cantly higher incidence of grogginess, sleepiness,
and lightheadedness than placebo (p = 0.05).""
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However, pooled data from the four trials reporting
either drowsiness, sleepiness or somnolence'*'>!7
showed no significant difference in incidence
between dextropropoxyphene, 65 mg, (18/115)
and placebo (15/121), with a relative risk of 1.3
(95% CI, 0.7-24). No other trial reported
lightheadedness or grogginess in the
dextropropoxyphene group.

Dextropropoxyphene plus paracetamol
versus placebo

In four reports dextropropoxyphene napsylate,
100 mg, plus paracetamol, 650 mg, was compared
with placebo, and in one dextropropoxyphene
hydrochloride, 65 mg, plus paracetamol, 650 mg.
A total of 478 patients received dextropropoxy-
phene plus paracetamol, and 485 patients
received placebo.

One report’ was a meta-analysis of individual
patient data from 18 studies with dichotomous
information (the number of patients achieving
at least 50% maxTOTPAR); eight reports
investigated dextropropoxyphene napsylate,
100 mg, plus paracetamol, 650 mg. Only one
of the studies had been published and the
duplicate publication was excluded."

In two reports'®" pain following dental surgery
(impacted third molar) was studied, in two
others?*?' pain post orthopaedic surgery, and
in one report’ pain following both dental and
general surgery (abdominal, orthopaedic and
gynaecological) was studied.

The placebo response rate varied between 6%
and 27%. The dextropropoxyphene plus para-
cetamol response rate varied between 25% and
57% (Figure 39). The trial results were homo-
genous (p=0.35). Dextropropoxyphene
(hydrochloride, 65 mg, or napsylate, 100 mg)
plus paracetamol, 650 mg, was significantly
superior to placebo, relative benefit 2.4 (95%

At least 50% PR with dextropropoxyphene
alone or in combination with paracetamol (%)

100
O

80

60 o

o O
40 1A ©O
O
20
0 T T T T
0 20 40 60 80 100

At least 50% PR with placebo (%)

FIGURE 39 Trials of oral dextropropoxyphene in postoperative
pain (@, dextropropoxyphene HCI, 65 mg; o, dextropropoxyphene
(napsylate, 100 mg, or HCI, 65 mg) + paracetamol, 650 mg;

A, dextropropoxyphene HCl, 130 mg;)

Cl, 1.9-3.1) (Table 45). For a single dose of
dextropropoxyphene (hydrochloride, 65 mg,
or napsylate, 100 mg) plus paracetamol,

650 mg, the NNT was 4.4 (95% CI, 3.5-5.6)
for at least 50% pain relief over 4-6 hours
compared with placebo for pain of moderate
to severe intensity.

Adverse effects

Details of adverse effects are given in Table 46.

No patients withdrew as a result of adverse effects
and all were reported as transient and of mild to
moderate severity. In one trial,” details of adverse
effects were not given but it was reported that
there was no significant difference between active
and placebo groups. The individual patient meta-

TABLE 45 Summary of relative benefit and NNT for trials of dextropropoxyphene and dextropropoxyphene plus paracetamol

against placebo

Number  Dose of Number of patients Number of patients RB NNT
of trials dextropropoxyphene with > 50% PR: with > 50% PR: (95% CI) (95% CI)
dextropropoxyphene placebo

Dextropropoxyphene alone against placebo
6 65 mg 85/214 60/226 1.4 (0.97-2.0) 7.7 (4.6—x)
I 130 mg 10/25 1/25 10.0 (1.4-73) 2.8 (1.8-6.5)
Dextropropoxyphene plus paracetamol against placebo

65 mg hydrochloride or 184/478 74/485 24 (1.9-3.1) 4.4 (3.5-5.6)

100 mg napsylate
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TABLE 46 Summary of adverse effects for trials of dextropropoxyphene and dextropropoxyphene plus paracetamol against placebo

Number  Adverse events Number of patients

of trials with adverse events:
drug

Dextropropoxyphene

2 Nausea 3/75

3 Drowsiness/sleepiness/ 18/115

somnolence

2 Headache 5/75

Dextropropoxyphene plus paracetamol

3 Nausea 12/405

| Vomiting 2/323

4 Dizziness 17/435

3 Drowsiness/somnolence 57/405

4 Headache 14/435

Number of patients RR NNH
with adverse events: (95% CI) (95% CI)
placebo
2/81 1.6 (0.3-9.4) N/A
15/121 1.3 (0.7-2.4) N/A
3/81 1.6 (0.5-4.9) N/A
33/799 0.7 (0.4-1.4) N/A
6/714 1.4 (0.3-6.7) N/A
16/829 22 (1.1-43) 50 (24—)
55/799 2.2 (2.0-24) 14 (9.1-30)
51/829 0.5 (0.4-0.6) —33 (-170,-19)

Negative NNTs indicate that fewer headaches occur with dextroropoxyphene plus paracetamol than with placebo.

analysis’ pooled data on adverse effects from all
18 placebo groups; 714 patients received placebo.

The incidence of drowsiness or somnolence was
reported in three studies.”'®! The pooled data
indicated a significantly higher incidence in the
dextropropoxyphene combination group (57/405)
than in the placebo group (55/799), with a relative
risk of 2.2 (95% CI, 2.0-2.4) and an NNH of 14
(95% CI, 9.1-30).

Dizziness was reported in four trials.”'®*" Pooled
data indicated a significantly higher incidence of
dizziness with dextropropoxyphene plus para-
cetamol (17/435) than with placebo (16/829),
with a relative risk of 2.2 (95% CI, 1.1-4.3) and
an NNH of 50 (95% CI, 24—).

The incidence of headache was reported in four
trials.'®* The pooled data showed dextropropoxy-
phene plus paracetamol (14/435) to have a signifi-
cantly lower incidence of headache than placebo
(51/829), with a relative risk of 0.5 (95% CI,
0.4-0.6) and an NNH of -33 (95% CI, -170, -19).

Three trials considered the incidence of
nausea.”'®!” Pooled data showed no significant
difference with dextropropoxyphene plus para-
cetamol (12/405) than with placebo (33/799),
relative risk 0.7 (95% CI, 0.4-1.4).

Incidence of vomiting was reported in one study.’
For dextropropoxyphene plus paracetamol (2/323)
it was not significantly different from placebo
(6/714), relative risk 1.4 (95% CI, 0.3-6.7).

Comment

For a single dose of dextropropoxyphene, 65 mg,
the NNT was 7.7 (95% CI, 4.6—) for at least 50%
pain relief compared with placebo. This means
that one in every eight patients with pain of
moderate to severe intensity would experience at
least 50% pain relief with dextropropoxyphene
hydrochloride, 65 mg, who would not have done
so with placebo. The 95% CI included no benefit.
The equivalent NNT for a single dose of dextropro-
poxyphene (65 mg, hydrochloride or 100 mg,
napsylate) plus paracetamol, 650 mg, was 4.4
(95% ClI, 3.5-5.6), indicating higher efficacy. The
95% CIs of dextropropoxyphene alone and the
combination with paracetamol overlapped. The
dextropropoxyphene/paracetamol combination
had an NNT similar to that of both paracetamol,
1000 mg, and ibuprofen, 200 mg. Both ibuprofen,
400 mg, and diclofenac, 50 mg, had NNTs with
95% ClIs lower (better) than that of the combi-
nation and which did not overlap with it.

For a single dose of dextropropoxyphene, 130 mg,
the NNT was 2.8 (95% CI, 1.8-6.5). This appears
to show a dose response for dextropropoxyphene.
However, given the overlapping Cls and the very
small number of patients in the dextropropoxy-
phene, 130 mg, trial,” this conclusion is

not robust.

A single dose of dextropropoxyphene, 65 mg, plus
paracetamol, 650 mg, showed a significantly higher
incidence of central nervous system adverse effects
(somnolence, dizziness) than placebo (Table 46).
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These adverse effects have also been shown for
tramadol, 100 mg, with lower (worse) NNHs for
both dizziness and somnolence.” Tramadol, 100
mg, also showed a significantly higher incidence of
nausea and vomiting than placebo. These adverse
effects were reported with dextropropoxyphene,
65 mg, plus paracetamol, 650 mg, but the inci-
dence was not significantly different from placebo.

The combination of dextropropoxyphene, 65 mg,
with paracetamol, 650 mg, showed similar efficacy
to tramadol, 100 mg, for single dose studies in
postoperative pain with a lower incidence of
adverse effects.
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Chapter 15

Oral tramadol, codeine and combination
analgesics in postoperative pain

Summary

The analgesic effectiveness and safety of oral
tramadol was compared with standard analgesics
using a meta-analysis of individual patient data
from RCTs in patients with moderate or severe
pain after surgery or dental extraction. Calculation
of % maxTOTPAR from individual patient data,
and the use of at least 50% maxTOTPAR defined
clinically acceptable pain relief. NNT for one
patient to have at least 50% maxTOTPAR com-
pared with placebo was used to examine the
effectiveness of different single oral doses of
tramadol and comparator drugs.

A total of 18 randomised, double-blind, parallel
group single-dose trials with 3453 patients using
categorical pain relief scales allowed the calculation
of % maxTOTPAR. The use of at least 50%
maxTOTPAR was a sensitive measure to
discriminate between analgesics.

Tramadol and comparator drugs gave significantly
more analgesia than placebo. In postsurgical pain,
tramadol, 50, 100 and 150 mg, had NNTs for at
least 50% maxTOTPAR of 7.3 (95% CI, 4.6-18),
4.8 (3.4-8.2) and 2.4 (2.0-3.1), respectively,
comparable with aspirin, 650 mg, plus codeine,

60 mg (NNT 3.6 (95% CI, 2.5-6.3)) and para-
cetamol, 650 mg, plus propoxyphene, 100 mg
(NNT 4.0 (3.0-5.7)). With the same dose of drug,
postsurgical patients had more pain relief than
those having dental surgery. Tramadol showed a
dose response for analgesia in patients with both
postsurgical and dental pain.

With the same dose of drug, postsurgical pain
patients had fewer adverse events than those having
dental surgery. Adverse events — headache, nausea,
vomiting, dizziness, somnolence — for tramadol,

50 mg and 100 mg, had a similar incidence to
comparator drugs. There was a dose response with
tramadol, tending towards higher incidences at
higher doses.

Single patient meta-analysis using more than half
pain relief provides a sensitive description of the
analgesic properties of a drug, and NNT calcu-

lations allow comparisons to be made with
standard analgesics.

This chapter of the review has been published in
full by Moore and McQuay.'

Introduction

Study of analgesics still poses problems, some
40 years after Beecher first described methods
of measuring pain and pain relief.** These can
be of different sorts, starting with the obvious but
important: the many possible comparisons of
drugs, doses, routes of administration and pain
condition which makes meaningful comparison
difficult. Many controlled trials have been per-
formed and many published; some 10,000 RCTs
(over 4000 in pharmacological interventions in
acute pain) have been identified.*

Quantitative systematic reviews pool data from a
number of trials; while individual trials may have
relatively small numbers of patients receiving a
particular treatment, meta-analysis allows the result
to be confirmed using data from many patients in
many trials, thereby increasing the power to deter-
mine the ‘true’ result. It can therefore provide a
higher quality of evidence on which to base deci-
sions by prescribers, policy-makers and patients.

Choice of RCTs for systematic reviews is essential.
Randomisation (and concealment) of treatment
allocation limits selection bias, and blinding of
treatments controls observer bias. Inadequacies of
randomisation or blinding exaggerate estimates of
treatment effect.” In RCTs in pain relief, standard
methods of measuring pain relief and trial conduct
appear to be effectively blinded.®

Results of systematic reviews have to be easily

understood to be useful and used. The elegant

NNT approach’ involves defining a clinical end-

point, and comparing the rate of that eventin a

treatment group with the rate in a comparator

group; NNT calculations require dichotomous

data. NNTs derived for particular benefits or harm

can provide a useful starting point for simple verbal 151



152

Oral tramadol, codeine and combination analgesics in postoperative pain

and numerical results accessible to any doctor
or patient.?®

Meta-analysis using individual patient data
sometimes produces lower estimates of effect of
treatment than does meta-analysis using group
descriptions,’ although the generality of this has
been challenged.' Using individual patient
information may not always be possible but where
possible it is preferred'! because it is claimed to
have the least bias of any meta-analytical method.

Studies of pain relief may present an additional
complication. The classic design of single dose oral
medication with both placebo and active controls
to demonstrate analgesic sensitivity® is explana-
tory."? Such trials provide evidence that a drug is
an analgesic rather than information about the
best way to use the compound in practice. In this
context, NNT methods are useful indicators of
relative efficacy.

Tramadol has been used in many European
countries since the late 1970s, in many different
pain conditions. Since most studies with tramadol
in Europe had not been conducted according to
US regulatory requirements, a completely new
programme of clinical studies for registration in
the USA of an oral tramadol formulation took
place in the late 1980s and early 1990s. A total of
18 single-dose studies were conducted, nine in
dental pain models and nine in postsurgical
pain, and the results of the studies have

been summarised.'*

We performed a single-patient data meta-analysis
of these 18 studies, and any others (published or
unpublished) which could be found and which had
categorical pain relief scales, allowing the calcu-
lation of the percentage of maximum pain relief
obtained by individual patients. Combining data
from many studies will help shed additional light
on the debate'™!'® about the conflicting results of
tramadol in postoperative pain.'”'®

Methods

Primary trials

Individual patient data from 18 primary trials
were made available by Grinenthal GmbH,
Aachen, Germany and Robert Wood Johnson
Pharmaceutical Research Institute, Spring House,
Pennsylvania, USA. One of these studies had been
published.'” Other studies which used single
doses of oral tramadol with categorical pain relief
scoring in acute painful conditions were sought

by reference to the in-house data from Grinenthal
GmbH, from Searle (UK) Ltd, and by searching
MEDLINE (1960-95) and the Oxford Pain Relief
Database (1950-95)* using tramadol as a

free-text term.

There was a prior hypothesis that analgesic

drugs may produce different analgesic responses
in painful dental procedures (such as third molar
extractions) than postsurgical procedures (such as
abdominal, orthopaedic or gynaecological oper-
ations). The prior intention, therefore, was to
analyse these conditions separately. Included
reports were scored for inclusion and methodo-
logical quality using a 3-item scale."

Protocols for the RWJ studies of postsurgical

pain and of pain due to the extraction of impacted
third molars were essentially identical. Trials

were of double-blind, single-dose, parallel-group
design; randomisation was by computerised
random-number generation, stratified on pre-
treatment pain intensity. Criteria for patient
selection were moderate or severe pain and that
the patient’s condition was appropriate for manage-
ment with a centrally acting analgesic and para-
cetamol. The age range was from 18 to 70 years.
Patients had to be cooperative, reliable and
motivated, and be able to take oral medication.
Exclusion criteria included patients with mild

or no pain, those who had taken analgesic drugs
within 3 hours of study drug administration,

those needing sedatives during the observation
period and those with known contraindications

or medical conditions which might interfere

with observations.

Drugs were given as single oral doses: placebo
(695 evaluable patients); codeine, 60 mg (649);
tramadol, 50 mg (409); tramadol, 75 mg (281);
tramadol, 100 mg (468); tramadol, 150 mg (279);
tramadol, 200 mg (50); aspirin, 650 mg, plus
codeine, 60 mg (305); paracetamol, 650 mg,

plus propoxyphene, 100 mg (316).

Patients were given the study drug if they had
moderate or severe pain on a four-point cate-
gorical scale (0 = no pain, 1 = slight, 2 = moderate,
3 = severe). Thereafter observations were made

at 30 minutes, and 1, 2, 3, 4, 5 and 6 hours after
administration. Pain intensity was measured using
the same categorical scale, together with a five-
point CATPR (0 = no relief, 1 = a little, 2 = some,
3 =alot, 4 = complete). Time of remedication was
also recorded, as well as a global assessment of
therapy (excellent, very good, good, fair or poor)
at the final evaluation.
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Adverse experiences volunteered by the patient
after non-directive questioning were recorded
regardless of any rescue medication used.

Calculations

For each patient the area under the curve of

pain relief (categorical scale) against time was
calculated (TOTPAR) for 6 hours after the study
drug was given. If patients remedicated, pain relief
scores reverted to zero and pain intensity scores to
the initial value; adverse event recording but not
pain evaluations continued after remedication.
The percentage of the maximum possible for

this summary measure was then calculated

(% maxTOTPAR).?’ The number of patients

on each treatment who achieved more than

50% maxTOTPAR was determined.

Relative benefit (which indicates how much more
likely is an individual given a particular treatment
to have a specific outcome than someone not given
the treatment) and its 95% Cls were calculated for
individual trials using a fixed-effects model,* and
NNT using the method of Cook and Sackett.” The
same method was used to calculate the NNH for
adverse effects. Relative risk and NNT are given with
95% CIs in text and tables. Significance testing for
dose response of tramadol was performed using the
Kruskal-Wallis test unstratified for type of surgery.

Results

Search results

Individual patient data for 3453 patients from

18 studies was supplied. It consisted of pain
intensity and pain relief scores from start of study
to 8 hours post dose and aggregate adverse effect
information. Studies with their codes, drug treat-
ments and numbers of patients, are presented in
Table 47. Data on pain measurements and adverse
effects for these single-dose parallel-group double-
blind studies was provided. Of the nine post-
surgical pain studies, two (TR and TV, see Table 47)
followed Caesarean section, and one (TX) was
conducted with outpatients. Of the nine dental
pain studies, three (TI, TI2 and TO) were con-
ducted with outpatients. Tramadol, 200 mg, was
given in only one study in dental pain and these
data were excluded. Study reports were of high
methodological quality, scoring the maximum

of 5 points on a validated scale."

Literature searches through MEDLINE found two
relevant studies of oral tramadol in postoperative
pain.'”® The first'” formed part of the data set sup-
plied. The other,' which did not show a significant

difference between tramadol, 50 and 100 mg, and
placebo, used a pain intensity scoring system rather
than pain relief, and therefore had to be excluded
from this analysis. Another study® using several
dose levels of oral tramadol after dental surgery was
multiple dose and used only pain intensity scoring.
It showed significant differences between all
tramadol doses and placebo, but again could not
be used. No other relevant studies were identified.

Analgesic efficacy

The relative benefits and NNTs for each drug
tested are shown in Table 48, for dental and post-
operative pain both separately and combined.

The proportions of patients achieving at least

50% maxTOTPAR are shown in Figure 40. There
was a clear dose response for tramadol (p < 0.0001,
Kruskal-Wallis test).

Dental pain

Among the dental studies, all treatments showed
significantly greater pain relief (greater proportion
of patients with at least 50% of % maxTOTPAR)
than with placebo (relative risk lower CI > 1)
except for codeine, 60 mg. There was a clear

dose response for tramadol, with higher odds
ratios and lower NNT values with the higher doses.
Tramadol, 100 mg and 150 mg, produced NNT
values of 4.6 (95% CI, 3.6-6.4) and 4.1 (95% CI,
2.9-7.3) respectively, lower than aspirin/codeine
(NNT 6.3 (95% CI, 4.5-9.8)) and paracetamol/
propoxyphene (NNT 5.3 (95% CI, 3.4-11.4)).

Postsurgical pain

All treatments showed statistically significantly
superior analgesia to placebo. There was a clear
dose response for tramadol; tramadol, 100 mg,

had an NNT of 4.8 (95% CI, 3.4-8.2) and tramadol,
150 mg, an NNT of 2.4 (95% CI, 2.0-3.1). This was
lower than aspirin/codeine and paracetamol/
propoxyphene combinations with NNT values

of 3.5 (95% CI, 2.5-6.3) and 4.0 (95% CI,

3.0-5.7), respectively.

Dental and postsurgical pain models compared
With the exception of tramadol, 100 mg, NNTs
were lower in postsurgical pain than in dental pain.
When the numbers of patients with more than
50% pain relief were compared for each treatment
between postsurgical and dental pain (Figure 40),
some treatments produced significantly more pain
relief in postsurgical pain. This was the case for
codeine, 60 mg (relative benefit 2.4 (95% CI,
1.6-3.5)), tramadol, 75 mg (2.4 (95% CI, 1.5-3.8))
and 150 mg (1.9 (95% CI, 1.4-2.6)), aspirin plus
codeine (1.6 (95% CI, 1.04-2.3)) and paracetamol
plus propoxyphene (1.6 (95% CI, 1.1-2.4)).
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TABLE 47 Oral tramadol, codeine and combination analgesics in postoperative pain: trials, treatments and patient numbers

Postsurgical
Trial Drug

TA Tramadol, 50 mg
Tramadol, 100 mg
Codeine, 60 mg
Placebo

TC Tramadol, 50 mg
Tramadol, 100 mg
ASA 650 & C 60
Codeine, 60 mg
Placebo

TR Tramadol, 75 mg
Tramadol, 150 mg
APAP 650 & P 100
Placebo

TV Tramadol, 50 mg
Tramadol, 100 mg
ASA 650 & C 60
Codeine, 60 mg
Placebo

™ Tramadol, 50 mg
Tramadol, 100 mg
APAP 650 & P100
Codeine, 60 mg
Placebo

TW2 Tramadol, 75 mg
Tramadol, 150 mg
APAP 650 & P100
Codeine, 60 mg
Placebo

™ Tramadol, 75 mg
Tramadol, 150 mg
APAP 650 & P100
Codeine, 60 mg
Placebo

TY Tramadol, 75 mg
Tramadol, 150 mg
APAP 650 & P100
Codeine, 60 mg
Placebo

TZA Tramadol, 75 mg
Tramadol, 150 mg
APAP 650 & P100
Codeine, 60 mg
Placebo

Patients

52
58
26
28

40
39
40
39
40

40
40
41
40

31
31
30
29
28

40
40
39
39
40

41
40
39
41
40

35
36
37
33
36

31
28
31
30
30

39
40
38
38
41

ASA 650 & C60 = aspirin, 650 mg, plus codeine, 60 mg
APAP 650 & P100 = paracetamol, 650 mg, plus propoxyphene, 100 mg

Dental

Trial

TE

TE2

TF

TG

TH

Tl

TI2

TO

TQ

Drug

Tramadol, 50 mg
Tramadol, 100 mg
ASA 650 & C60
Codeine, 60 mg
Placebo

Tramadol, 50 mg
Tramadol, 100 mg
ASA 650 & C60
Codeine, 60 mg
Placebo

Tramadol, 50 mg
Tramadol, 100 mg
ASA 650 & C60
Codeine, 60 mg
Placebo

Tramadol, 50 mg
Tramadol, 100 mg
ASA 650 & C60
Codeine, 60 mg
Placebo

Tramadol, 50 mg
Tramadol, 100 mg
ASA 650 & C60
Codeine, 60 mg
Placebo

Tramadol, 50 mg
Tramadol, 100 mg
ASA 650 & C60
Codeine, 60 mg
Placebo

Tramadol, 75 mg
Tramadol, 150 mg
APAP 650 & P100
Codeine, 60 mg
Placebo

Tramadol, 100 mg
Tramadol, 200 mg
Codeine, 60 mg
Placebo

Tramadol, 75 mg
Tramadol, 150 mg
APAP 650 & P100
Codeine, 60 mg
Placebo

Patients

28
30
28
28
29

23
21
22
24
21

47
49
45
47
49

50
49
41
33
27

47
51
51
48
50

51
50
48
50
49

45
45
)
47
44

50
50
47
5

50
50
49
50
51
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TABLE 48 Analgesic effectiveness of oral tramadol, codeine and combination analgesics in postoperative pain

Improved on active  Improved on control RB (95% CI)

NNT (95% CI)

Dental
Codeine, 60 mg 36/374 28/373 1.3 (0.8-2.1) 47.2 (16.3—)
Tramadol, 50 mg 41/246 13/225 2.9 (1.6-5.2) 9.2 (6.1-18.8)
Tramadol, 75 mg 16/95 6/95 2.7 (1.1-6.5) 9.5 (5.1-64.5)
Tramadol, 100 mg 89/300 22/278 3.8 (2.4-5.8) 4.6 (3.6-6.4)
Tramadol, 150 mg 29/95 6/95 4.8 (2.1-11.1) 4.1 (2.9-7.3)
Paracetamol, 650 mg, and
propoxyphene, 100 mg 23/91 6/95 4.0 (1.7-94) 53 (3.4-11.4)
Aspirin, 650 mg, and codeine, 60 mg 52/235 13/225 3.8 (2.2-6.8) 6.3 (4.5-9.8)
Postsurgical
Codeine, 60 mg 63/275 35/283 1.9 (1.3-2.7) 9.5 (6-23.4)
Tramadol, 50 mg 38/163 13/136 2.4 (1.4-4.4) 7.3 (4.6-17.9)
Tramadol, 75 mg 74/186 31/187 2.4 (1.7-3.5) 4.3 (3.1-7)
Tramadol, 100 mg 51/168 13/136 3.2 (1.8-5.6) 4.8 (3.4-8.2)
Tramadol, 150 mg 106/184 31/187 3.5(2.54.9) 2.4 (2-3.1)
Paracetamol, 650 mg, and
propoxyphene, 100 mg 91/225 34/227 2.7 (1.9-3.8) 3.9 (3-5.7)
Aspirin, 650 mg, and codeine, 60 mg 24/70 4/68 5.8 (2.1-15.9) 3.5(2.5-6.3)
Combined
Codeine, 60 mg 99/649 63/656 1.6 (1.2-2.1) 16.7 (11-48)
Tramadol, 50 mg 79/409 26/361 2.7 (1.84.1) 8.3 (6.0-13)
Tramadol, 75 mg 90/281 37/282 2.4 (1.7-3.5) 5.3 (3.9-8.2)
Tramadol, 100 mg 140/468 35/414 3.5 (2.5-5.0) 4.8 (3.8-6.1)
Tramadol, 150 mg 135/279 37/282 3.7 2.7-5.1) 2.9 (2.4-3.6)
Paracetamol, 650 mg, and
propoxyphene, 100 mg 114/316 40/322 2.9 (2.1-4.0) 4.2 (3.3-5.8)
Aspirin, 650 mg, and codeine, 60 mg 76/305 17/293 43 (2.6-7.1) 5.3 (4.1-7.4)
Placebo
Codeine, 60 mg
Tramadol, 50 mg | EE—
Tramadol, 75 mg -——|
Tramadoly 100 mg _—.‘
Tramadol, 150 mg _— |
Aspirin, 650 mg, and codeine, 60 mg -——|
Paracetamol, 650 mg, and propoxyphene, 100 mg -——|
I T T T T T
0 10 20 30 40 50 60
Patients with at least 50% maxTOTPAR (%)

FIGURE 40 Proportion of patients with at least 50% maxTOTPAR (M, dental; O, postoperative)

This difference was not due to a greater proportion
of postsurgical patients with more moderate than
severe initial pain intensity. The ratio of moderate
to severe initial (baseline) pain intensity was
931:663 (1.40:1) in postsurgical pain compared
with 1294:505 (2.56:1) in dental pain (significantly

less severe initial pain in the dental group, relative
risk 0.81 (95% CI, 0.77-0.85)). Initial pain intensity
stratification produced no consistent or signif-
icant differences in the proportion of patients

with at least 50% maxTOTPAR, or in NNTs

(data not shown). For postsurgical pain, 44 of

155



156

Oral tramadol, codeine and combination analgesics in postoperative pain

323 patients (13.6%) given placebo had at

least 50% maxTOTPAR, compared with 28 of
373 patients (7.5%) for dental pain patients given
placebo (relative benefit 1.8 (95% CI, 1.2-2.8).

Combined data

NNTs for dental and postsurgical patients
combined are also shown in 7able 48. Few data sets
have sufficient information to allow calculation of
analgesic efficacy for dental and postsurgical pain
models separately. These numbers are those used
for comparisons with other analgesic drugs from
published reports without individual meta-analysis.

Choice of half pain relief

In order to test the effect of choices other than
half pain relief, NNTs were calculated using dichot-
omous data for 20-80% maxTOTPAR (combined
data). The results are shown in Figure 41.

NNTs for an effective drug, tramadol, 150 mg, were
essentially the same, at about 2-3, over a wide range
of decision points. Those for a slightly less effective
analgesic (aspirin, 650 mg, plus codeine, 60 mg)
rose slightly with pain relief cut-off values above 50%
maxTOTPAR but for codeine, 60 mg, NNT values
which started at about 10 for > 20% maxTOTPAR

NNT

60

50+

40-

30

20

0 20 40 60 80 100
% maxTOTPAR

FIGURE 41 Effect of % maxTOTPAR on NNT{. , baraceta-
mol 650 mg/propoxyphene 100 mg;........, aspirin 650 mg/codeine
60 mg; —— —, codeine 60 mg; , tramadol 150 mg;

- - - tramadol 100 mg;- .- .- ., tramadol 50 mg)

rose rapidly and were not significantly different from
placebo by > 60% maxTOTPAR.

Adverse events

The incidence of the more common adverse events
reported is shown in Figure 42 for dental and
postsurgical pain. Headache, vomiting, nausea,
dizziness and somnolence were the most commonly
reported adverse events, though predominantly of
mild intensity.

For dental but not postsurgical pain, the adverse
event incidence was generally sufficiently high to
achieve a statistical difference from placebo for
vomiting, nausea, dizziness and somnolence, but
not headache. For tramadol there was a distinct
dose response in dental pain, with higher doses
producing greater incidence of adverse events; this
trend was not present in postsurgical pain. NNHs
can be calculated for adverse effects in dental
patients because their incidence was sufficiently
high. The clear dose response is shown in

Figure 43.

Comment

Tramadol is an effective analgesic in postoperative
pain. All doses of tramadol were statistically super-
ior to placebo in both postsurgical and dental pain,
and there was a significant dose response. Single
oral doses of tramadol, 75 mg to 150 mg, had
analgesic efficacy equivalent to combinations

of paracetamol plus propoxyphene and aspirin
plus codeine. Internal sensitivity was demonstrated
by two comparator analgesics being statistically
superior to placebo, and by the dose response

for tramadol. The study methodology, randomised,
double-blind trials, avoided known sources of
major bias.

Search strategies identified a total of 20 random-
ised trials of oral tramadol in postoperative acute
pain with standardised measurements of pain
intensity and pain relief. Only two of these had
been published in full'”'® with one other in press.?
Results of the other trials had been published in
summary form only.'* Meta-analytic tools so far
developed have concentrated on patients achieving
at least 50% pain relief as a single dichotomous
measure of clinical effectiveness,'® so the two
studies which used pain intensity and not pain
relief scales could not be included. Of the two
studies excluded, one'® could not distinguish oral
tramadol from placebo after orthopaedic surgery;
the other* found oral tramadol effective in dento-
alveolar surgical pain.
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Because the only two studies published in full'”'®
came to contrary conclusions about the efficacy
of oral tramadol in postoperative pain, a controv-
ersy has arisen about its analgesic properties.'*!®
Examining all the available information (published
and unpublished) has demonstrated clear anal-
gesic efficacy; three standard analgesics were
distinguished from placebo, as were tramadol,
50, 100 and 150 mg. Larger doses of tramadol
produced more analgesia. This was performed

in a single patient meta-analysis, a method which
is claimed to be more conservative than
aggregating mean data.’

Sunshine,'* Cooper® and others have pointed out
the variability that can occur in clinical trials of
analgesics even in standard settings. This variability
may have a number of causes. One is almost certain
to be caused by the random play of chance in
clinical trials where group sizes are of the order of
30 patients, although there may also be systematic
causes. These may be apparent only in the syste-
matic examination of large numbers of clinical
trials with common endpoints.

The other consideration is that analgesic trial
designs are explanatory.'? They are designed to
demonstrate that a particular compound is an
analgesic in single doses in acute pain. They cannot
in themselves determine the value of the inter-
vention in clinical practice, although meta-analysis
of such trials may be helpful in determining
relative efficacy.

This unique opportunity to use the individual
patient data from 18 trials conducted to a common
protocol allowed several questions to be addressed.
The first, the original purpose of the studies, was to
compare the efficacy and adverse effects of the
novel analgesic with placebo and standard oral
analgesics. The data also allowed the confirmation
of the usefulness of at least 50% pain relief as an
indicator of efficacy, comparison of the various
analgesics in patients with either moderate or
severe baseline pain and comparison of dental
with postsurgical pain.

As a clinical outcome, 50% relief of pain has
historical provenance over 40 years,” and is more
readily clinically interpretable than the summary
TOTPAR measure. For comparisons of analgesics,
the question arises whether the 50% relief is a
better cut-off than 20% or 80% relief. The best
performing analgesic, tramadol, 150 mg, had NNT
values of 2-3 across a range of cut-offs, from 30% to
60% maxTOTPAR (Figure 43). The least analgesic
drug, codeine, 60 mg, showed a rapid rise in NNT

Placebo

Codeine, 60 mg

Tramadol, 50 mg

Tramadol, 75 mg

Tramadol, 100 mg

Tramadol, 150 mg

Aspirin, 650 mg, and codeine, 60 mg
Paracetamol, 650 mg, and

propoxyphene, 100 mg

20 25
Headache (A)

Placebo
Codeine, 60 mg
Tramadol, 50 mg
Tramadol, 75 mg
Tramadol, 100 mg
Tramadol, 150 mg
Aspirin, 650 mg, and codeine, 60 mg
Paracetamol, 650 mg, and
I 20 2

propoxyphene, 100 mg

Nausea (/e)

Placebo

Codeine, 60 mg

Tramadol, 50 mg

Tramadol, 75 mg

Tramadol, 100 mg

Tramadol, 150 mg

Aspirin, 650 mg, and codeine, 60 mg
Paracetamol, 650 mg and

propoxyphene, 100 mg T
5 IO |5 20 25

Dizziness (%)

Placebo

Codeine, 60 mg

Tramadol, 50 mg

Tramadol, 75 mg

Tramadol, 100 mg

Tramadol, 150 mg

Aspirin, 650 mg, and codeine, 60 mg

Paracetamol, 650 mg and
propoxyphene, 100 mg

T T T
0 5 10 I5 20 25
Vomiting (%)

Placebo

Codeine, 60 mg
Tramadol, 50 mg
Tramadol, 75 mg
Tramadol, 100 mg

Tramadol, 150 mg
Aspirin, 650 mg, and codeine, 60 mg

Paracetamol, 650 mg, and
propoxyphene, 100 mg . .

20 25
Somnolence (%)

FIGURE 42 Incidence of adverse events with oral tramadol —
headache, nausea, vomiting, dizziness and somnolence (M, dental;
0, postoperative)
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NNH for nausea

—
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Oral tramadol (mg)

NNH for dizziness
I N N N N N

100
Oral tramadol (mg)

NNH for vomiting

—
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Oral tramadol (mg)

NNH for somnolence

100
Oral tramadol (mg)

FIGURE 43 NNH for adverse events in dental patients

beyond 50% maxTOTPAR, and the aspirin—
codeine combination showed a gradual rise in NNT
with higher cut-offs. This provides some empirical
support for the use of 50% as the cut-off. Not only
does it have a clinically useful resonance but it also
provides sensible discrimination between the best
and worst analgesics.

That the NNT (the reciprocal of the absolute
risk reduction, or risk difference) should be
relatively unaffected by choice of cut-off is not
unexpected. With placebo the proportion of
patients achieving a particular level of pain relief
falls quickly as % maxTOTPAR increases. For
effective analgesics, this proportion falls slowly
until high % maxTOTPAR levels are reached.
The difference will remain largely unaltered
over a wide range of % maxTOTPAR -
generating stable NNTs.

The imposition of an arbitrary dichotomous
outcome, at least 50% maxTOTPAR, on continuous
data — a spectrum of response between no pain
relief and complete pain relief — is justified because
it allows analgesics to be compared across many
different trials. However, it should not be overinter-

preted; patients with less than 50% maxTOTPAR
can also obtain useful pain relief; conversely those
with at least 50% maxTOTPAR may have near
maximal pain relief. The reality, though, is that
multiple dosing is the norm in pain management,
where adverse effects may drive practice as much
as analgesia.

It has been suggested that differences might be
seen between analgesics when tested on pain of
initial moderate as opposed to severe intensity.
This was not supported by these data. Stratification
by initial pain intensity revealed no consistent or
significant differences in the proportion of
patients with at least 50% maxTOTPAR.

In these trials the analgesics were more effective

in postsurgical pain than in dental pain (Table 48),
producing lower NNTs despite there being signifi-
cantly more patients with severe pain intensity at
baseline in postsurgical pain. In postsurgical trials,
significantly more patients given placebo (14%)
had at least 50% pain relief than was the case with
dental models (8%). These average figures for nine
trials in each group are lower than those found

by Cooper.?
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Cooper’s figures were derived from study mean 3.
TOTPAR. McQuay and colleagues® have pointed

out that means are inadequate descriptors of
asymmetrically distributed pain measurements, 4.
making comparison between estimates derived by

single patient meta-analysis difficult. What Cooper’s

data did show was the great between-trial variability

of placebo and active responses. This variability is

not limited to acute pain studies, and is seen also

in chronic pain studies,” as well as in studies with

more objective outcomes like postoperative

vomiting,?* and in the response of infants to

pulmonary surfactant.® 6.

Despite analysing results on nearly 3500 patients,
there were only 18 trials, nine each in dental and
postsurgical pain. In order to make definitive 7.
statements about differences between pain models
information from many more trials would need to
be available. Cooper’s 1991 analysis® had inform-
ation from as many as 63 studies. The differences
in analgesic efficacy and adverse events seen in
this study support the view that dental and post- 9.
operative pain should be considered separately in
meta-analytical comparisons of analgesic efficacy,
at least when opioid analgesics or combinations
with opioids are used.

Analyses of other analgesics in postsurgical and 11.

dental pain models are needed to allow compari-
sons of relative effectiveness to be made. This will
not be easy, partly because few studies report data
in ways which allow meta-analysis of the published
reports, and partly because many patients are
needed to obtain estimates with narrow Cls.

Single patient meta-analysis is the most useful 13.

method of generating comparative information.
However, it will involve much cooperation
between clinical investigators and sponsoring
pharmaceutical companies.

Authors of reports of trials of analgesics can aid

future meta-analysis by including dichotomous 15.

outcomes as part of their analysis and report.
This can easily be done as an addition to, not

to the exclusion of, classical pain measures 16

and analysis.®

17.
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Chapter 16

Pain relief from intra-articular morphine
after knee surgery

Summary

Reduction of postoperative pain by injecting
opioid into the knee joint is believed to support the
hypothesis of peripheral opioid receptor activation
in inflammation. This systematic review of RCTs
was designed to examine the evidence for this.
Main outcomes were pain intensity and the use of
supplementary analgesics. Efficacy of intra-articular
bupivacaine against placebo was used as an index of
internal sensitivity. Evidence of efficacy was sought
in both early (0-6 hours after intra-articular
injection) and late (6-24 hours) periods.

In all, 36 RCTs in knee surgery were found. Six had
both a local anaesthetic control and placebo; four
showed internal sensitivity and had at least one
outcome showing efficacy of intra-articular
morphine against placebo. Six studies compared
intra-articular morphine with intravenous or
intramuscular morphine or with intra-articular
saline without a bupivacaine control. Four of the
six studies showed greater efficacy for intra-
articular morphine. There was no dose response
evident. No quantitative analysis of pooled data
was undertaken.

Intra-articular morphine may have some effect

in reducing postoperative pain intensity and
consumption of analgesics. These studies had
significant problems in design, data collection,
statistical analysis and reporting. Trials of better
methodological quality are needed for a conclusive
answer that intra-articular morphine is analgesic,
and that any analgesia produced is clinically useful.

This chapter of the review has been published in
full by Kalso and colleagues.’

Introduction

Intra-articular morphine has been used as a clinical
test of the hypothesis that peripheral opioid
receptors are activated in inflammation.? The
judgement that exogenous opioids can provide
effective postoperative analgesia has been taken as
confirmation of the hypothesis.? Even though many

studies and reviews have been published on this
subject, consensus on whether intra-articular
opioids offer clinically relevant pain relief is
still lacking.

The issue of the sensitivity of analgesic measure-
ment is particularly important. Over 40 years ago,
Beecher® and Houde* described methods for
measuring analgesic drugs which were sensitive and
reproducible. Sensitive analgesic assays depended
upon patients experiencing pain of moderate or
severe intensity before test drug administration.

The aim of this systematic review, using the
evidence from all RCTs, was to investigate the
evidence for an analgesic effect of intra-articular
morphine and to examine those features of trial
methodology which influence judgement of
experimental or clinical effectiveness.

Methods

RCTs of intra-articular opioids were sought
systematically. A number of different search
strategies in both MEDLINE (1966-May 1996),
EMBASE and the Oxford Pain Relief Database
(1950-94) were used, without language restriction.
Search terms used included ‘intra-articular’,
‘opiates’, ‘opioids’ and ‘morphine’ and ‘random*’.?
Additional reports were identified from the refer-
ence lists of retrieved reports and from review
articles. Unpublished reports, abstracts and reviews
were not considered. Authors were not contacted
for original data.

Reports considered

Reports were considered if they were randomised
comparisons of intra-articular morphine with
placebo (saline), or different doses of intra-
articular morphine, or comparisons of intra-
articular morphine with systemic (intravenous
or intramuscular) morphine. Reports of direct
comparisons of intra-articular morphine and
local anaesthetic agents®” were not considered.
Reports of pethidine® were not considered
because of potential confounding due to its
local anaesthetic properties.
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Each report which could possibly be described as an
RCT was read independently by each of the authors
and scored using a three-item quality scale.” The
scale takes into account proper randomisation,
double-blinding and reporting of drop-outs and
withdrawals. Consensus was then achieved. Inform-
ation was taken from each report on treatments and
controls, types of surgery and anaesthesia, number
of patients enrolled and analysed, study design,
observation periods, outcome measures used for
pain intensity and consumption of supplementary
analgesics and adverse effects.

Validity and inclusion criteria

Pre-hoc validity criteria were number of patients per
treatment group = 10," standardised methods of
measuring pain intensity, and general anaesthesia.
Spinal or epidural anaesthetics were not accepted,
nor were infiltrations of local anaesthetic into the
joints, because it was judged that low pain scores in
the immediate postoperative period could render
studies insensitive.

Two periods, early (up to 6 hours from the intra-
articular injection) and late (6-24 hours) were
defined for the evaluation of effectiveness.

Effectiveness was defined as a significant difference
(as reported in the original trials) between the
active and the control in pain intensity (early and
late) or total consumption of rescue analgesics.

There was a pre-hoc agreement that an adequate
description of internal sensitivity was a requirement
for the demonstration of an analgesic action of
intra-articular morphine. Such sensitivity would be
derived (not necessarily exclusively) from a statis-
tically significant difference between a known
analgesic (intra-articular local anaesthetic) and
placebo, from intra-articular morphine being
different from placebo, or from a dose response
for intra-articular morphine.

Quantitative analysis of morphine against placebo
was planned.

Results

A total of 33 RCTs were found in 31 reports,
studying nearly 1500 patients (about 900 of whom
received morphine). All were in knee surgery. Two
reports were in Danish, one in German and the
rest in English.

The reasons for exclusion of studies were
as follows:

¢ duplicate publications'"'?

¢ the influence of tourniquet time on the efficacy
of intra-articular morphine as the only outcome'®

* number of patients per group less than ten'*'

¢ double-dummy technique not used for
intramuscular administration'® (study 2)

e control group not blinded"’

* controls were intra-articular bupivacaine and
unblinded lumbar plexus block only*®

¢ spinal anaesthesia' (study 1)
epidural anaesthesia®!
operative intra-articular local anaesthetic
(study 2)

¢ non-standardised anaesthesia (general
anaesthesia, spinal or epidural anaesthesia)®

* inadequate standardisation of the timing of
pain measurements.?

11,20,22,23

Details of the included studies are shown in

Table 49. In all these trials morphine, 0.5-5 mg,
was used as the intra-articular opioid. Controls
used were bupivacaine, 0.25-0.5%, as the only
intra-articular local anaesthetic, intra-articular
saline or intravenous or intramuscular morphine,
1-2 mg. No quantitative analysis of pooled data
was performed because results were presented

as means, which are inadequate descriptors of
assymmetrically distributed data.”

Morphine versus saline with bupivacaine
as an index of internal sensitivity

Six studies compared intra-articular morphine with
both bupivacaine and saline (Table 49). One®® was
only analysed for an early effect (fewer than ten
evaluable patients in the late period).

In two studies,'®* intra-articular bupivacaine could
not be differentiated from intra-articular saline and
the sensitivity of the analgesic assay was not proven.
There was no difference between intra-articular
morphine and saline in either.

Four trials®?' showed significantly lower VAS pain
intensity scores with intra-articular bupivacaine com-
pared with intra-articular saline during the early
period (0-6 hours) and so had internal sensitivity.

All four sensitive studies reported early outcomes.
Three of the four studies showed significantly lower
early pain intensity scores after intra-articular
morphine compared with intra-articular saline
(Figure 44A).

28,29,31

In the late period, from 6 hours onwards, intra-
articular morphine produced significantly lower
pain intensity scores compared with placebo in all
three evaluable sensitive studies® ! (Figure 44B).
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TABLE 49 Pain relief from intra-articular morphine after knee surgery: included studies

Study Included or reason  Quality Drugs and routes Results: compared with placebo (saline)

for exclusion (1-5)  (number of patients)

VAS PI: VAS PI:
early bupivacaine late bupivacaine

Included studies with active control (bupivacaine) and placebo

Bjornsson, Included 2 i.a.morphine, | mg, in normal No difference No difference at 8,
etal, 1994'° saline, 20 ml (21) between bupivacaine 24 or 48 hours.
study | i.a.normal saline, 20 ml, (19) and normal saline

i.2.0.25% bupivacaine,20 ml, (19) ~ at05,1,1.5or

i.2.0.25% bupivacaine, 20 ml, + 2 hours.

morphine, | mg (19)

Haynes,etal,  Included in early, 3 ia.normal saline, 40 ml (10) Bupivacaine better  n< 10
19947 excluded from late ia.morphine, | mg,in 39 ml than normal saline:
(inadequate number of normal saline (10) at 2 hours, p = 0.01;
patients per group) i2.0.25% bupivacaine, 40 ml,+ | at 4 hours, p < 0.05;
in 200,000 adrenaline (10) at 6 hours, p < 0.05

i.2.0.25% bupivacaine, 40 ml, + |
in 200,000 adrenaline + morphine,

1 mg (10)
Joshi, et l, Included 2 i.a.morphine,5 mg,in 25 ml (10)  Bupivacaine better ~ NSD (8 or 24 hours).
199327 12.0.25% bupivacaine, 25 ml (10)  than normal saline

i.a.morphine, 5 mg, in 0.25% at 1,2,4 hours.No

bupivacaine, 25 ml (10) p-values given.

i.2.normal saline, 25 ml (10)

Karlsson, et al, Included 4 ia.morphine, | mg,in 20 ml (10)  Bupivacaine better ~ NSD (24 or
1995% i2.0.375% bupivacaine, 20 ml, (10) ~ than normal saline 48 hours).
i.2.morphine, | mg,in 0.375% at 2,4,6 hour;no
bupivacaine, 20 ml (10) actual p-values given.

i.a.normal saline, 20 ml (10)

McSwiney, et al, Included 2 i.a.morphine, 5 mg, in 0.25% Bupivacaine better  Bupivacaine better

1993°" bupivacaine, 12.5 ml, + normal than normal saline  than normal saline
saline, 12.5 ml (10) at:05,1,1.5,2, at 8, 12 hours; no
i2.0.25% bupivacaine, 25 ml (10) 4 hours;no SEM/SD  SEM/SD bars; no
i.2.morphine, 5 mg, in normal bars;no p-values.  p-values.

saline, 25 ml (10)
i.a.normal saline, 25 ml (10)

Included studies with placebo but no local anaesthetic as active control

Joshi, et al, Included 2 i.a.morphine, 5 mg, in 25 ml
1992 normal saline (10)

i.a.normal saline, 25 ml (10)
Joshi, et al, Included 2 2. morphine, 5 mg,in 25 ml
1993 normal saline (10)

i.a.normal saline, 25 ml (10)

Lyons,etal,  Pethidine arm 3 i.a.morphine, 5 mg, in 25 ml
1995 not considered normal saline (20)
i.a.normal saline, 25 ml (20)
i.a. pethidine, 50 mg,in 25 mg
normal saline (20)

Included studies; cross-route morphine

Dierking, et al, Included 4 i.a.morphine, 2 mg, in normal
1994 saline, 40 ml, + i.m. normal saline,
I'ml(18)

i.a.normal saline, 40 ml, + i.m.
morphine, 2 mg (I5)

VAS PI:
early morphine

No difference
between morphine
and normal saline
at 0.5, 1,1.5or

2 hours.

Morphine better
than normal saline:
at 2 hours,p = 0.01;
at 4 hours p < 0.05;
at 6 hours, p < 0.05.

Morphine better
than normal saline
at 1,2,4 hours;
statistics as for
bupivacaine.

NSD (2,4, 6 hours).

Morphine better
than normal saline
at05,1,15,2,

4 hours; no SEM/SD
bars; no p-values.

i.a. morphine better
than i.a. normal
saline at 0,0.5, 1,
1.5,2 and 4 hours;
p<0.05

NSD (1,2 or
4 hours).

i.a. morphine
better than ia.
normal saline at
0,0.5,1,2 and

4 hours;p <0.01.

NSD (1,2,4,
6 hours).

VAS Pl Analgesic
late morphine  consumption:
24-hour total

No difference at ~ No difference.
8,24 or 48 hours.

n<10 n<l0

Morphine better  Significance is not
than normal saline mentioned.

at 8,24 hours;

statistics as for

bupivacaine.

Morphine better  Morphine

than normal saline significantly better

at 24,48 hours;  than normal saline

statistics as for (024 hours and

bupivacaine. 24-48 hours). No
p-value given.

Morphine better ~ Morphine and
than normal saline bupivacaine

at 8, 12,24 hours;  significantly

no SEM/SD bars;  better (p < 0.05)
no p-values. than normal saline.

ia.morphine ia.morphine
better than i.a. better than i.a.
normal salineat  normal saline;
8and 12 hours;  p<0.05.

p <0.05.

NSD (8 or 2. morphine

24 hours). better than i.a.
normal saline,
p <00l

i.a. morphine

better than i.a.
normal saline at
8,12 and 24 hours;
p <00l

Not evaluated.  Not evaluated.

tinued
continue I 63
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TABLE 49 contd Pain relief from intra-articular morphine after knee surgery: included studies

Included or reason
for exclusion

Study

Quality Drugs and routes
(1-5)  (number of patients)

Included studies; cross-route morphine contd

Hege-Scheuing, Included

etal, [995*
Stein, et al, Included (low dose
1991% morphine excluded),

inadequate number
of patients

3 ia.morphine, Img,in 10 ml + i.v.
normal saline, 10 ml (29)
i.v.morphine, | mg,in [0 ml +ia.
normal saline, 10 ml (30)

2 ia.morphine, | mg, in normal
saline, 40 ml, + i.v. normal saline,
I'ml (18)

i.2.normal saline, 40 ml, + i.v.

Results: compared with placebo (saline)

VAS PI:
early bupivacaine

VAS PI:
late bupivacaine

VAS PI:
early morphine

NSD (1,2,3,4,
6 hours).

i.a.morphine better
than i.v. morphine
at 3,4,6 hours;

< 0.05.

VAS PI:
late morphine

NSD (8 or
24 hours).

NSD (24 hours).

Analgesic
consumption:
24-hour total

No difference.

i.a. morphine
significantly
better than iv.
morphine.

morphine, | mg (15)
i.a.morphine, 0.5 mg, in normal
saline, 40 ml, + i.v. normal saline,
I ml(10)

i.a.morphine, | mg, + naloxone,
0.1 mg,in normal saline, 40 ml,
+iv.normal saline, | ml (9)

Included studies: morphine dose response

Allen, et al, Included 5 i.2.0.25% bupivacaine, 30 ml (30)
1993% i.a.morphine, | mg, in normal
saline, 30 ml (30)
i.a.morphine, 2 mg, in normal
saline, 30 ml (30)
i.a.morphine, | mg, in 0.25%
bupivacaine, 30 ml (30)
Heine,etal,  Included 2 i2.0.5% bupivacaine, 20 ml (I1)
19947 i.a.morphine, | mg, in 0.5%
bupivacaine, 20 ml (10)
i.a.morphine, 3 mg, in 0.5%
bupivacaine, 20 ml (10)
Juelsgaard, Included 3 ia.morphine,2 mg,in 5 ml (25)
etal, 19937 i.a.morphine, 4 mg in 5 ml (25)
Laurent,etal, Included 4 i.a.morphine, 5 mg, in 0.25%

1994 bupivacaine, 40 ml (20)
i.a.morphine, 2 mg, in 0.25%
bupivacaine, 40 ml (20)

i.2.0.25% bupivacaine, 40 ml (18)

Included studies: not analysed

Khoury,etal,  Included (early),

1992¢ excluded (late)
inadequate number
of patients per group

3 i.a.morphine, | mg,in 20 ml (11)
i.2.0.25% bupivacaine, 20 ml (1)
ia.morphine, | mg,+ 0.25%
bupivacaine, 20 ml (1)

VanNess, et al, Included | i.2.0.25% bupivacaine, 30 ml, + |

1994 in 200 k adrenaline (41)
i.a.morphine, 2 mg (2 ml), +
normal saline, 28 ml (40)

Total consumption of supplementary analgesics
over 24 hours was significantly lower after intra-
articular morphine compared with saline in the
two sensitive studies in which it was analysed.***!

Morphine versus saline, no active
(bupivacaine) control

Three studies compared only intra-articular
morphine with intra-articular saline. 404!

In the early period, morphine VAS pain intensity
scores were significantly lower in two of the three
studies which reported early outcomes®**!

(Figure 44C).

In the late period, the same two studies®*!
indicated that intra-articular morphine produced
significantly lower pain intensity scores compared
with saline. Two of the three studies®*’ had a
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Studies with active (local anaesthetic) control
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FIGURE 44 L’Abbé plots for intra-articular morphine trials

significantly lower total consumption of analgesics

over 24 hours after morphine.

Morphine versus systemic morphine control

Three studies compared intra-articular with
intravenous or intramuscular morphine.**

In the early period, one study® showed greater
efficacy for intra-articular morphine compared
with intravenous morphine, 1 mg (Figure 44C).

In the late period, no study indicated that intra-
articular morphine had statistically lower pain

intensity scores, although in one study® there were
no evaluations beyond 6 hours (Figure 44D). Lower
total consumption of analgesics over 24 hours was
found in only one study.™

Combination of morphine plus
bupivacaine versus saline

All four sensitive studies which compared intra-
articular morphine with both saline and bupi-
vacaine also included a group with a combination
of intra-articular morphine plus bupivacaine. All
the studies which were sensitive to bupivacaine
alone and showed a positive effect for morphine
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also showed a significant effect for the combination
compared with placebo, both early and late. ™
The two studies which were insensitive for bupi-
vacaine and morphine showed no efficacy for the
combination.'®*

Dose response

Two studies addressed the question of a dose
response with intra-articular morphine alone.** In
one study,® intra-articular morphine, 1 mg, could
be differentiated from control but not 0.5 mg; the
researchers could not differentiate 0.5 mg from

1 mg of morphine. The other study* demonstrated
a reversed dose response between 1 and 2 mg.
Neither study had evidence of internal sensitivity.

In two studies different doses of morphine in
combination with a standard dose of bupivacaine
were compared.””?*® No dose response was detected
between either 1 and 3 mg or 2 and 5 mg

of morphine.

Adverse effects
No adverse effects that could have been attributed
to the intra-articular treatment were reported.

Comment

These reports of the use of intra-articular
morphine emphasise the importance of
considering potential bias and issues of validity in
clinical studies before interpreting results.

Bias

It is now well recognised that studies which are
either not randomised or randomised without
concealment of treatment allocation, or which are
not adequately blinded, result in an overestimation
of the effect of treatment.* Method and conceal-
ment of randomisation, double-blinding and
withdrawals and dropouts were inadequately
described in all these studies. The method

of randomisation was explicit in three studies.
In many studies, it was unclear who was blinded.

30,36,38

Design and validity

Classic analgesic trial design includes both active
and placebo controls. The reason is to ensure that
if no difference is found between test analgesic and
placebo, the correct interpretation of a negative
result can be made if the standard (active control)
analgesic gives a significant difference from
placebo. This is particularly important when pain is
of only mild to moderate intensity. The mean pain
intensities after placebo were, with one exception,
less than 50% of the maximum possible, both

early and late, and frequently below 25% of
maximum (Figure 44). If there is no pain, reduction
in pain intensity cannot be measured. The reduced
sensitivity of analgesic studies with low pain
intensity has been evaluated.*

For this reason a hierarchy of evidence was chosen.
The highest rank was when active (bupivacaine)
control was used as well as placebo, and analgesic
efficacy of intra-articular morphine was interpreted
only when intra-articular bupivacaine was more
effective than placebo (i.e. established internal
sensitivity). Intra-articular bupivacaine is known to
provide reliable analgesia of predictable duration
following knee surgery,** and it was therefore a
valid active control.

Outcome measures

The special feature of these studies was that
necessarily the intervention was made before

the patient had pain, analogous to pre-emptive
studies.*® The VAS pain intensity levels were low
for several reasons. Diagnostic arthroscopies were
included in the primary studies, and opioids and
NSAIDs were given both pre- and perioperatively.
Diagnostic arthroscopies may not cause enough
postoperative pain to be sufficiently sensitive for
an analgesic assay. Figure 44 indicates that studies
which were sensitive generally had VAS pain
intensity levels above 30% of the maximum possible
in the control group in the early period (and most
had high values in the late period also). We
excluded studies which used spinal or epidural
anaesthesia or infiltration of the knee joint with
high doses of local anaesthetic because these
measures further reduce postoperative pain and,
hence, sensitivity.

VAS pain intensity was usually measured at rest;
sensitivity might have been increased by assessing
it on movement. Arthroscopic surgery is usually
performed as day-case surgery. Sensitivity might
have been increased by following the patients

in hospital for a longer period. Patients were
instructed in the use of VAS PI before anaesthesia
in only a minority of studies. Most patients were
sent home with a questionnaire within 2-6 hours of
the end of surgery. Few studies mentioned whether
the assessment was performed by a trained, or even
the same, observer. All these issues should be
addressed in study design. Sensitivity of the
analgesic assay is crucial.

Consumption of supplementary analgesics within
the first 24 hours after surgery was the second
commonest outcome measure but usually was not
standardised. Other indicators of pain and pain



Health Technology Assessment 1998; Vol. 2: No. 12

relief, such as time to first analgesic, time to weight
bearing, time to discharge, were also used, but

in only a minority of studies. VAS pain intensity and
the total consumption of supplementary analgesics
were therefore used as primary outcome measures
in the analysis.

Early and late periods

Analysis by early and late periods was used for
several reasons. For the first 2—-6 hours patients
were still in hospital where VAS pain intensity
measurements were made by researchers or
(trained) nurses at predetermined intervals.
Secondly, the effect of intra-articular bupivacaine,
the index of internal trial sensitivity, should have
been most pronounced over this time. Thirdly, any
systemic effect of morphine should have been more
obvious during this period rather than later. The
late period was considered to be important as several
studies suggested a prolonged effect of intra-
articular morphine. Most studies provided inform-
ation on VAS pain intensity values at 24 hours and
consumption of supplementary analgesics was
reported as a total amount taken over 24 hours.

No biological reason for suspecting a late rather
than an early effect was apparent in the original
study on intra-articular morphine.® This indicated
that intra-articular morphine, 1 mg, provided
significantly better analgesia after knee surgery
than the same dose given intravenously at 3, 4 or
6 hours. No difference was found between VAS
pain intensity values at 24 hours, although the total
consumption of supplementary analgesics during
the 24-hour period was significantly less after
intra-articular morphine.

Studies with both active and

placebo controls

Only six studies included groups receiving saline,
bupivacaine and morphine. Four of the studies were
judged sensitive as defined by significant analgesic
effect of bupivacaine compared with saline. All four
studies demonstrated significant analgesic effect of
intra-articular morphine compared with placebo at
both early and late times (Figure 44). This provides
some evidence for a prolonged biological effect of
morphine in the knee joint. The two negative
studies'®* failed the sensitivity test.

Studies with no active control

Three studies of morphine against saline showed
an analgesic effect, two in the early period and all
three in the late period. Comparisons of intra-
articular with intravenous or intramuscular
morphine were less compelling; only one of the
three studies™ showed a significant effect, both

early and late. These results again provide some
evidence for an analgesic effect of morphine in the
knee joint, while raising the issue of whether this is
a systemic as opposed to a local effect.

Dose-response studies

No dose response was detectable in any study, over
a dose range of 0.5-5 mg. The minimum dose
tested (0.5 mg) did not show analgesic efficacy™
whereas a dose of 1 mg did.*®**** No greater effect
was found using morphine doses of 2 mg compared
with 1 mg.*® In combination with local anaesthetic,
morphine doses of 3 mg compared with 1 mg*” and
5 mg compared with 2 mg* showed no increased
efficacy. None of these studies had proven internal
sensitivity. Failure to demonstrate dose response
may therefore have been due to lack of sensitivity
in the methods.

However, the lowest effective dose of morphine
used, 1 mg, would, in a 20 ml injection, be
equivalent to a concentration of about 200 pmol
per litre (50 pg/ml). Typical blood or tissue levels
after systemic injections of analgesic doses of
morphine are found at concentrations of nanomols
per litre, at least 1000 times lower.*” The very high
concentrations of morphine in the knee joint
would be expected to saturate any opioid receptors
present. If morphine is acting on local opioid
receptors, then the minimal effective dose may well
be much less than 1 mg. Failure to demonstrate a
dose response might then be because the doses
tested were at the top end of the dose-response
curve. Late efficacy might be a consequence of
residual high morphine concentrations.

Is intra-articular morphine effective?
Taken together, these results render some support
for the hypothesis that intra-articular morphine
provides pain relief after knee surgery.? Using a
simple ‘vote-counting’ approach on Figure 44, the
points from the majority of the trials fall in the
lower right quadrant, indicating greater efficacy
with morphine than control. Convincing evidence
for an early effect is lacking. There was more
consistent evidence for a prolonged analgesic
effect, mostly a single estimate of pain intensity at
24 hours or consumption of analgesic. These are
weak measures.

The problem is that this evidence rests on four
trials which fulfilled the sensitivity requirements
but which had only ten patients per treatment
group, and two others which were methodologically
weak but did distinguish morphine from saline.
Against these studies stands the failure to demons-
trate a dose response for intra-articular morphine.
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Overall, the evidence is not compelling. The
lessons for future studies are obvious, but the
current agenda is one of research rather than
clinical utility.
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Chapter 17

Analgesic efficacy of peripheral opioids

Summary

Anaesthetists, using basic scientific concepts of
peripheral opioid activity, try to improve regional
anaesthesia and postoperative analgesia by inject-
ing opioids, with or without local anaesthetic, close
to nerve trunks or nerve endings. The aim of this
systematic review was to test the evidence that
peripherally applied opioids (all except intra-
articular) have an analgesic effect outside the

knee joint.

A systematic search, 1966-96, was carried out for
published reports of RCTs which compared the
efficacy of peripheral opioids with placebo, local
anaesthetic, or systemic opioids in acute pain.
Reports of pethidine or intra-articular opioids
were not included. Data on intraoperative efficacy
(onset, quality, duration of sensory block), and
postoperative efficacy (pain intensity, analgesic
consumption) were extracted. Statistical signifi-
cance as indicated in the original reports and
clinical relevance of differences between opioids
and controls were taken into account to estimate
qualitatively overall efficacy.

Data for 952 patients in 26 trials were analysed.
The opioids used were morphine (16 trials),
fentanyl (8), alfentanil (1), buprenorphine (1),
and butorphanol (1). Two from four experimental
pain trials reported a statistically significant
difference in favour of the opioid. In 22 clinical
trials, efficacy of opioid injections into the brachial
plexus (10 trials), Bier’s block (4), perineural (3),
and other sites (5) was tested.

In five of ten clinical trials measuring intraoperative
efficacy, statistically significant efficacy with opioids
compared with control was reported; none were
judged clinically relevant. In five of 17 clinical trials
measuring postoperative efficacy, a significant
difference in favour of the opioid was reported;
none were judged clinical relevant. Trials of lower
quality were more likely to report increased efficacy
with opioids. Adverse events related to route of
administration were not reported.

These trials provide no evidence for clinically
relevant peripheral analgesic efficacy of opioids
in acute pain.

This chapter of the review has been published in
full by Picard and colleagues.’

Introduction

For over 10 years anaesthetists have been trying to
improve efficacy of regional anaesthesia and post-
operative analgesia by injecting opioids close to the
nerve trunks or the nerve endings. The biological
basis for this approach is the presence of opioid
receptors and their endogenous ligands in the
peripheral nervous system, and their effect on
modulation of inflammatory pain.?

There are several distinct clinical approaches

to this topic. First, do opioids, when injected in
combination with local anaesthetics, improve the
quality and duration of a sensory block? This could
lead to improved surgical conditions. Second, does
this method allow the dose of the local anaesthetic
to be reduced? This would minimise the risk of
systemic toxicity of local anaesthetics. Third, do
opioids, when applied alone in peripheral sites,
decrease postoperative pain intensity and analgesic
requirements? This is a purer test of the biological
question of whether opioids have analgesic

effects peripherally.

The aim of this systematic review was to test

the evidence that peripheral opioids (all except
intra-articular) improve the quality of either
intraoperative regional anaesthesia or
postoperative analgesia

Methods

Full published reports of RCTs of peripheral
opioids were sought systematically. A number

of different search strategies in MEDLINE
(1966-September 1996), EMBASE (1981-96)
and the Oxford Pain Relief Database (1950-94)
were used, without language restriction. Additional
reports were identified from the reference lists of
retrieved reports and from review articles. Un-
published reports and abstracts were not con-
sidered. Authors were not contacted for original
data. Reports were included if they were random-
ised comparisons of peripheral opioids with
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either local anaesthetics, placebo (saline),

no treatment, or an opioid given by a different
route, or comparisons of different doses of
peripheral opioids. Reports of analgesic efficacy
of intra-articular opioids are considered in
chapter 16.°

Inclusion criteria

Each report which could possibly be described

as an RCT was read independently by each of the
authors and scored using a three item, 1-5 score,
quality scale.* The scale takes into account proper
randomisation, double-blinding and reporting of
withdrawals and drop-outs. Consensus was then
achieved. Information on doses and routes of
administration of opioids and controls, types

of surgery and anaesthesia, number of patients
enrolled and analysed, study design, observation
periods, outcome measures, and adverse effects
was taken from each report.

Validity criteria

Validity criteria for included studies were number
of patients per treatment group = 10, any opioid
except pethidine, which has shown local anaes-
thetic properties,® any peripheral site of injection
except intra-articular,® and standardised methods
of measuring sensory block and pain intensity.

Intraoperative efficacy was estimated by com-
paring onset and quality (loss of pinprick and
touch sensation), and duration of a sensory

block with opioid compared with control.
Postoperative efficacy was estimated by comparing
pain intensity, delay until first analgesic, and total
analgesic consumption with opioid compared
with control. Pain intensity measurement was
analysed when reported as a VAS or verbal

rating scale (VRS).

Data showing any statistically significant difference
(p<0.05) between opioid and control, as indicated
in the original report, were extracted. The authors
then met to achieve consensus (vote-counting
procedure) whether such a statistically significant
difference was of clinical relevance. Finally, the
decision (i.e. the vote counting) reached on
clinical relevance was compared with the original
authors’ conclusion of efficacy.

Results

In all, 45 trials were considered for analysis, of
which 17 were subsequently excluded (7able 50).
Two further reports were not considered because
no copies were available in the UK.%7

TABLE 50 Analgesic efficacy of peripheral opioids: excluded
trials

Excluded trial Reason for exclusion

Acalovschi & Cristea, 19958 Pethidine
Armstrong, et al., 1993° Pethidine
Davidas, et al,, 1992° Pethidine
El Bakry, et al, 1989'° Pethidine
Oldroyd, et al,, 1994'! Pethidine

Gobeaux & Landais, 1988'% Pethidine, not random

Arendt-Nielsen, et al,, 1990"3 Not random

Kepplinger, et al,, 1995 Not random

Moore, et al,, 1994': Study 2 Number of patients

per group < |10

Pere, 1993'¢ Number of patients

per group < |10

Wajima, et al, 1995b'7 Number of patients

per group < 10

Welte, et al,, 1992'8 Number of patients

per group < 10

Tenant, et al,, 1993"° Number of patients

per group < 10
Ben-Ameur, et al,, 1993%° No pain outcomes

Arendt-Nielsen, et al,
19912": Study 2

No opioid evaluated

Bullingham, et al, 1984% Not analysable

Mays, et al,, 19877 Chronic pain

Data from 26 RCTs, published in 25 reports, were
analysed. In all, 952 patients, 485 of whom received
an opioid, were studied (Table 51).

The average size of trial was 15 patients per group
(range 10-32). The median quality score was 2
(range 1-4). Three reports®*#* covered four trials
(8%) which included a treatment arm with an
analgesic method of proven efficacy and, therefore,
had an index of internal sensitivity. Eight trials
(16%) used a double-dummy design. 323436404244

Efficacy of peripheral opioids was tested in experi-
mental pain trials in healthy volunteers and in a
wide variety of surgical settings with intravenous
regional anaesthesia (Bier’s block), intrapleural,
intraperitoneal, incisional and dental injections,
perineural blocks (femoral, ankle block, intercostal)
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TABLE 51 Analgesic efficacy of peripheral opioids: analysed RCTs

Study

Experimental

Arendt-Nielsen,
etal, 1991%
Study |

Armstrong, et al,
1993

Treatments (number of patients)

|.Morphine, 4 mg, 10 ml (10)
2.Saline, 10 ml (10)

| Prilocaine 0.5%, 40 ml + fentanyl,
100 pg, 2 ml (15)
2. Prilocaine 0.5%,40 ml + saline, 2 ml (15)

Arthur,et dl, 1992* 1. Lignocaine 0.5%, 100 mg, 40 ml + saline, 2 ml (10)

Moniche, et dl,
19935

Bier’s block

Abdulla & Fadhil,
1992%

Ericyes, et dl,
19957

Gupta, et al,
19932

Pitkanen, et al,
19922

Other peripheral sites of injection: all drugs injected postoperatively

2. Lignocaine 0.5%, 100 mg, 40 ml + fentanyl,
100 pg, 2 ml (10)
3.Fentanyl, 100 pg, + saline, 40 ml (10)

|.Morphine, 2 mg, 5 ml (12)
2.Saline, 5 ml (12)

. Lignocaine, 100 mg,40 ml (15)

2. Lignocaine, 100 mg, + fentanyl, 50 pg (15)

3. Lignocaine, 100 mg, + pancuronium, 0.5 mg (15)
4.Lignocaine, 100 mg, + fentanyl, 50 pg, +
pancuronium, 0.5 mg (15)

| Prilocaine 1%, 30 ml, + saline, [0 ml (10)
2. Prilocaine 1%, 30 ml, + morphine, 6 mg, [0 ml (10)

| Prilocaine 0.5%, 3 mglkg, + saline, 5 ml (20)

2. Prilocaine 0.5%, 3 mg/kg, + morphine, | mg/5 ml (17)

|. Prilocaine 0.5%,40 ml, + saline, 4 ml, (12)

Setting

Left and right ulnar nerve
block
Laser stimulation

Bier’s block
Needle and temperature
stimulation
Bier’s block

Needle, temperature
Grip strength

Drugs injected s.c.in
the injury

Burn injury (49°C on
calf bilaterally)

Upper limb surgery

Upper limb surgery

Upper limb surgery

Minor surgery of upper

2. Prilocaine 0.5%,40 ml, + fentanyl, 100 pg,4 ml (13) extremity

3. Prilocaine 0.5%, 40 ml, + fentanyl, 200 pg, 4 ml (12)

Aykac, et al, 1995% 1. Morphine, 20 mg, intrapleural, 20 ml (14)

Moore, et dl,
1994'5
Study |

Rosenstock, et al,
1996°"

Schulte-Steinberg,
et al, 1995%
Study |

Schulte-Steinberg,
et al, 1995%
Study 2

2. Morphine, 20 mg, i.v. (ml not applicable) (14)

|.Morphine, 30 ng local, 0.3 ml + oral placebo (10)
2.Placebo local, 0.3 ml + morphine,
50 ng p.o.(10)

|.Morphine, 5 mg, 6 ml, incisionally (10)
2.Morphine, 5 mg, | mliv.(10)

3. Morphine, 5 mg, 6 ml s.c. (10)
4.Saline, 6 ml, incisionally (10)

1. Morphine, | mg,ip. + saline i.v. (18)
2.Saline i.p. + morphine, | mg,iv. (17)
3. Bupivacaine 0.25% i.p. + saline i.v. (I5)
NB:All drugs diluted in 20 ml.

1. Morphine, 1.5 mg, intrapleural + saline i.v. (20)
2. Saline intrapleural + morphine, 1.5 mg, .. (20)
3. Bupivacaine 0.25%, intrapleural + saline i.v. (20)
NB: All drugs diluted in 30 ml.

Thoracotomy (lobectomy
for lung cancer). Morphine
injected after pleural
closure.

Bilateral third molar surgery;
locally applied morphine.

Inguinal herniotomy;
incisional morphine
postoperatively.

Laparoscopic
cholecystectomy; i.p.
injection at the end
of surgery.

Laparoscopic
cholecystectomy;
intrapleural injection at the
end of surgery.

Efficacy intraoperatively
(‘anaesthesia’) (< less
effective, p < 0.05;

> more effective,

p <0.05; = no difference)

Pain and sensory thresholds
and brain potentials: morphine
> saline at |5 minutes only

Onset, speed of recovery and
quality of sensory block:
fentanyl = saline

Sensory and motor block (quality
and onset): fentanyl < lignocaine
= lignocaine + fentanyl

N/A

VRS: (4) > (1);(4) > (3);n0
significant result for (2).
Neuro muscular block:
(3)and (4)

> (1) or (2)

Onset and recovery of sensory
block: morphine > saline

N/A

Loss of pinprick at 15 minutes:
fentanyl, 200 mg, > fentanyl,
100 mg, = saline

Time to develop analgesia: fentanyl,
200 mg, = fentanyl, 100 mg, = saline

N/A

N

A

N/A

N/A

N/A

Efficacy postoperatively
(‘analgesia’) (< less
effective, p < 0.05;

> more effective,

p <0.05;= no difference)

N/A

N/A

Heat pain threshold: morphine
> saline (30-330 minutes)
Pressure pain threshold:
morphine > saline at 30 minutes

N/A

N/A

VAS P}, total analgesic
consumption: morphine = saline

N/A

VRS:intrapleural > i.v.
Blood levels: i.v.> intrapleural

VAS Pl, analgesic consumption:
morphine = saline

VAS P! (rest,movement),
analgesic consumption:
morphine incision = i.v.=
s.c. = saline

VAS PI, VRS, McGill, analgesic
consumption: morphine i.p.
= morphine i.v. = bupivacaine i.p.

VAS P, VRS, McGill, analgesic
consumption: morphine
intrapleural = morphine i.v.
< bupivacaine intrapleural

Adverse effects

None

Nausea: fentanyl 7;
saline |

Nausea: lignocaine +
fentanyl 2; fentanyl |

Erythema at the site
of injection:
morphine 5

None

None

Mild localised urti-
caria: morphine |

Nausea and
dizziness: saline |;
fentanyl, 100 mg, 7;
fentanyl, 200 mg, 6

Confusion:
intrapleural 4;iv. 4
Urinary retention:
intrapleural 3;i.v. 6
Respiratory
depression:iv. |

None

Not reported

Not reported

Not reported

continued
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TABLE 51 contd Analgesic efficacy of peripheral opioids: analysed RCTs

Study

Treatments (number of patients)

Perineural: drugs injected pre- or postoperatively

Bullingham, et al,
1983

Dahl,et al, 1988*

Sternlo &
Hagerdal®®

Brachial plexus

Bourke &
Furman®

Fletcher, et al,
19947

Flory, et al, 1995%

Gobeaux &
Landais'?

Gormley, et dl,
1996%

Kardash, et al,

1995%

Morros Vinoles,
etal, 1991

Racz, et dl, 19914

Viel, et al, 1989

Wajima, et dl,
19954

. Morphine 0.02% one side + saline other side (10)
2. Morphine 0.04% one side + morphine 0.02%
other side (10)

NB:Volume 15-20 ml per injection

|.Morphine, 4 mg, epidural, |0 ml + saline femoral,
10 ml (10)
2.Saline epidural, 10 ml + morphine, 4 mg, femoral,
10 ml (10)

1. Bupivacaine 0.5%,20 ml (24)
2. Bupivacaine 0.5%, 20 ml, + morphine, 4 mg (26)
NB:ml N/A

. Lignocaine 1.5%,0.55 ml/kg, + morphine,
0.1 mglkg (ml N/A) + saline i.v., 0.1 ml/kg (20)
2. Lignocaine 1.5%, 0.55 ml/kg, + morphine,
0.1 mg/kg i.v. (ml N/A) + saline, 0.1 ml/kg (20)

|. Lignocaine 1.5%, 38 ml, + fentanyl, 100 pg, 2 ml (26)
2. Lignocaine 1.5%, 38 ml, + saline, 2 ml (25)

| Bupivacaine 0.5%,40 ml, + morphine, 5 mg,
5ml(20)
2. Bupivacaine 0.5%,40 ml, +saline, 5 ml (20)

1. Lignocaine 1.5%, 30 ml (12)
2. Lignocaine 1.5%, 30 ml, + fentanyl, 100 pg (12)
NB:ml N/A

|. Lignocaine 1.5%,7 mglkg, + alfentail, 10 pg /kg,
10 ml (28)
2.Lignocaine 1.5%, 7 mglkg, + saline 10 ml (32)

. Mepivacaine 1.5%, 30 ml, + fentanyl, 75 pg, 1.5 ml,
+ saline im., 1.5.ml (10)

2. Mepivacaine 1.5%, 30 ml+ fentanyl, 75 pg im,,
1.5 ml, + saline, .5.ml (10)

1. Mepivacaine 1%,40 ml

2. Mepivacaine 1%,40 ml, + fentanyl, 100 pg
(ml N/A)

3. Mepivacaine 1%,40 ml, + fentanyl, 100 pg s.c.

| Bupivacaine 0.5% + lignocaine 1%, 40 ml, +
morphine, 5 mg, | ml (19)

2. Bupivacaine 0.5% + lignocaine 1%,40 ml, +
morphine, 5 mgi.m,, | ml (21)

| Bupivacaine 0.5%,40 ml, + morphine, 50 pgfkg (20)
2. Bupivacaine 0.5%, 40 ml, + buprenorphine,
3 uglkg (20)

| Butorphanol, 83 pg/h + saline i.v. (12)
2. Butorphanol, 83 pg/h iv. + saline (10)
NB: all perfusion 50 ml/72 hours)

Setting

Ankle nerve block (nerves);
bilateral foot minor surgery

Femoral block and epidural
catheter after knee surgery.
Treatment reversed for the
next 24 hours.

Intercostal block (4 ml per
5 ribs); biliary surgery

Hand and forearm surgery;
axillary block

Orthopaedic surgery;
axillary block

Shoulder surgery;
interscalene block

Upper limb surgery;
axillary block

Upper limb surgery;
axillary block

Upper limb surgery;
supraclavicular block

Upper limb surgery;
axillary block

Arm and forearm minor
surgery; axillary block

Upper limb surgery;
supraclavicular block

Upper extremity surgery;
axillary block
(postoperatively continuous
infusion)

Efficacy intraoperatively
(‘anaesthesia’) (< less
effective, p < 0.05;

> more effective,

p <0.05; = no difference)

N/A

N/A

N/A

N/A

Onset and duration of block:
fentanyl = saline

Success rate of each nerve block:

fentanyl = saline

N/A

Onset and intensity of block:
fentanyl > no treatment between
5and |0 minutes

Duration of sensory and motor
block: alfentanil > saline
(10-40 minutes)

Onset, duration of sensory and
motor block: axillary block = i.m.

Onset and quality of block:

=0=0)

Onset and quality of sensory and
motor block: axillary block = i.m.

Sensory and motor block:
buprenorphine = morphine

N/A

Efficacy postoperatively
(‘analgesia’) (< less
effective, p < 0.05;

> more effective,

p <0.05;= no difference)

VAS Pl and PR: morphine
0.02% = morphine 0.01% = saline

VAS P! epidural > femoral
Morphine consumption:
epidural = femoral

VAS PI, delay for analgesic,
analgesic consumption:
bupivacaine + morphine =
bupivacaine

VAS, recovery of sensory and
motor block: i.v. = axillary block
Analgesic consumption: axillary
block > i.v.

N/A

VAS Pl delay until first and total
dose of analgesic: morphine
= saline

N/A

VAS: alfentanil > saline (h 3)
Delay for first analgesic, block
recovery: alfentanil = saline

VAS Pl axillary block > i.m.
(0-1 hours)

Delay until first analgesia:

H=0=0

VAS PI, delay until first analgesic:
axillary block = i.m.

Quality, duration of analgesia:
buprenorphine > morphine

VAS Pl at 9,12, 18,20 hours:
axillary block > i.v.
Supplementary analgesia: i.v. =
axillary block

Adverse effects

Not reported

Nausea, vomiting:
epidural > femoral

None

Mild nausea: axillary
block I;iv.2

None

Nausea, vomiting:
saline 5; morphine
10

Pruritus: saline 3;
morphine 0

Urine retention:
saline |; morphine |

None

None

None

None

None

Pruritus: morphine |
Nausea, vomiting:
buprenorphine |

Nausea: i.v. 6;
axillary 4
Vomiting: i.v. 2;
axillary 2
Drowsiness: iv. |;
axillary 2
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and brachial plexus sheath injections (axillary,
supraclavicular and interscalene approaches). The
opioids used were morphine (16 trials), fentanyl (8),
alfentanil (1), buprenorphine (1) and butorphanol
(1). Intraoperative efficacy assessments were
performed in ten clinical trials. Postoperative
efficacy was evaluated in 17 clinical trials.

Experimental pain trials (4 trials)

In one trial, morphine was applied perineurally;?*'
sensory and pain thresholds were significantly in-
creased compared with saline but for not longer than
15 minutes. One trial used morphine subcutaneously
at the site of injury and reported higher heat and
pain thresholds compared with saline.” Two other
trials failed to demonstrate any benefit from adding
fentanyl to a local anaesthetic in a Bier’s block.**

The experimental nature of these reports makes it
difficult to judge clinical relevance. Therefore they
were not taken into account in estimating overall
efficacy of peripheral opioids.

Bier’s block (4 trials)

Fentanyl was used in two trials.?** Abdulla and
Fadhil could not demonstrate any significant
difference between the combination of fentanyl
plus local anaesthetic and local anaesthetic alone,®
but nevertheless concluded that the method was of
clinical relevance. We disagreed with these authors
because they did not comment on the comparison
of interest to us (i.e. opioid versus no treatment)
but rather based their conclusion on the com-
parison between opioid plus curare versus no
treatment or curare alone.

Pitkdnen and colleagues reported a significantly
improved quality of the sensory block after

15 minutes with fentanyl, 200 pg, compared with
either saline or fentanyl, 100 pg.? No measure-
ments were taken after 15 minutes. Nausea and
dizziness were more frequent with fentanyl. These
authors concluded that their finding was not
clinically relevant.

Morphine was used in two trials.””* In one there was
no significant difference between morphine and
saline, and the authors concluded that morphine
was of no value in Bier’s block.” In the other trial,
both onset of and recovery from anaesthesia and
analgesia were significantly better with morphine
compared with local anaesthetic alone.*” These
authors concluded that the differences of 1 minute
and 2 minutes, respectively, were clinically relevant.
We disagreed, because the difference between the
two groups was of very short duration only and
therefore of no practical importance.

Other peripheral sites (5 trials)

All five trials used morphine. Four of them could
not demonstrate any difference in the post-
operative period between morphine and control
when applied into a tooth socket,' into a surgical
wound,? or by intraperitoneal or intrapleural block
(study I and II).* The fifth trial reported a statistic-
ally significant improvement with morphine,

20 mg, given intrapleurally compared with the
same drug and dose given intravenously;* verbal
pain rating scores were lower for 20 hours in the
intrapleural group. Morphine plasma levels were
lower in the intrapleural group. This was con-
sidered to be of clinical relevance by these authors.
Analgesic consumption was not reported. We
considered the outcome to be of little clinical
relevance because of the unconventional (high)
dose of morphine used.

Perineural (3 trials)
None of these trials reported any significant
difference between the opioid and control.***

Brachial plexus (ten trials)

Opioids were given by interscalene (one trial),
supraclavicular (2) or axillary (7) approaches to
the brachial plexus sheath.

In three trials, morphine was combined with a local
anaesthetic and applied either by axillary*®** or
interscalene route.” Comparators were systemic
morphine or axillary saline. No intraoperative or
postoperative improvement could be demonstrated
with peripheral morphine in two of the three
trials.”* The third trial (axillary route) reported
similar pain scores in the groups but a significantly
lower postoperative analgesic consumption
(number of tablets of oxycodone, 5 mg, plus
acetaminophen, 500 mg) with the opioid; the
authors concluded that this difference was clinic-
ally important.*® The median number of tablets

was two with axillary morphine and four with
systemic morphine. We did not consider this
difference to be of clinical importance in this

acute setting.

In four trials, fentanyl was combined with a local
anaesthetic and compared with a local anaesthetic
alone or with another route of injection.””#**4 In
two a significant improvement with fentanyl was
reported.***® Gobeaux and colleagues concluded
that a faster speed of onset of the sensory block
with the opioid was clinically relevant.** However,
this difference was only 5 minutes. Kardash and
colleagues reported a lower VAS for pain intensity
for the first postoperative hour with fentanyl but
did not consider this to be clinically important.*
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Alfentanil added to a local anaesthetic led to a
significant improvement compared with the local
anaesthetic plus placebo;* duration of sensory and
motor block after surgery was 40 minutes longer
with the opioid. This was considered to be clinically
relevant by these authors, although there was no
difference between the two groups in the delay
until the first analgesic rescue medication.

Butorphanol perfusion into the plexus sheath led
to significantly lower VAS scores for pain intensity
up to hour 24 postoperatively compared with the
same butorphanol perfusion given intravenously.**
There was no difference in postoperative analgesic
requirements. The authors concluded that this
difference was clinically relevant. However, average
VAS scores were very low, irrespective of the route
of administration (i.e. axillary route 6-7% of the
maximum on a VAS for pain intensity; intravenous
route 17-33%).

Buprenorphine, 3 pg/kg, was compared with
morphine, 50 pg/kg, in one trial; both opioids
were added to the same local anaesthetic before
supraclavicular injection.* A placebo group was
lacking in this trial. Duration and quality of
postoperative analgesia were significantly better
with buprenorphine; ‘good’ pain relief, as judged
by the patients, lasted for 35 hours with bupre-
norphine and 18 hours with morphine. Authors
concluded that buprenorphine is efficacious and
long-acting as an analgesic when injected into the
brachial plexus sheath. However, they did not take
into account equi-analgesic dosing.

There was a relationship between quality scores
of the reports and original authors’ conclusions
on efficacy of peripheral opioids (Figure 45).
Authors of ten trials (two experimental and
eight clinical) reported positive estimates of
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FIGURE 45 Efficacy of peripheral opioids (relationship between
quality of trials and overall examination of efficacy as stated in
original reports). o, e, clinical trials; o, O, experimental pain trials.

efficacy. Quality scores for these trials were 2 or
below.?!#5-27:30.86.3945.4446 Iy the 16 remaining trials
(two experimental and 14 clinical) conclusions
were negative. Seven, including one with two
studies,” had a quality score of 3 or 4283738424

Adverse effects
No adverse effects attributable to the route of
administration were reported.

Comment

The aim of this systematic review was to test the
evidence for an analgesic action of peripheral
opioids and the clinical relevance of such action. In
all, 26 RCTs with data from more than 950 patients
were analysed. These trials described a variety of
surgical procedures and experimental designs. Five
different opioids with several different doses were
administered with ten different regional anaes-
thetic techniques. Trials were not consistent in
either analysing or reporting quality of surgical
blocks, postoperative analgesia, or observation
periods. Estimation of efficacy based on data of
such methodological and clinical heterogeneity
was, therefore, difficult. Quantitative analysis was
impossible. Unfortunately the different procedures
or blocks operate, or may operate, in different
ways, so that a negative result from one procedure
does not preclude a positive result with another.

It was decided to judge the studies in two ways:
those which had any result which was statistically in
favour of a peripheral action of opioid, and those
where the result was of a sufficient magnitude or
importance to be clinically relevant. Because most
of the studies had a number of different measure-
ments at different times, the possibility that some
statistical differences could occur by chance was
high. Use of the conventional level of statistical
significance in clinical and scientific studies of

the 95th percentile implies that, if 20 different
measurements are made, one will show significance
just by chance. So, in 26 different studies with a
large number of outcome measurements, some
statistically significant differences with opioid
would be expected. Judging clinical relevance

may be easier or more difficult. Most practising
clinicians would claim they could tell when a
result was going to benefit their patients. Codifying
what that entails is not easy. Reaching a consensus
on clinical efficacy of peripheral opioids was
influenced by whether all the measures in a study
showed statistically significant differences, or
whether the magnitude of any difference shown

in a trial was sufficiently large to make change in
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practice a reasonable consideration. The
authors are conscious that others might reach
different conclusions.

Of 26 trials, 14 were unequivocally negative. The
remaining 12 trials?"-2729:50.36.39404544.46 repnoried at
least one statistically significant result in favour of
the peripheral opioid. Of these 12 positive trials,
two were in experimental pain;**® their results may
not be directly applicable to clinical practice. Of
the remaining ten positive trials, authors of two**
did not regard their findings as being clinically
relevant. This means that results from only eight
out of the 26 trials (31%) were judged by their
original authors as clinically relevant.

We could not, for different reasons, support the
conclusions of any of these positive reports. An
isolated significant outcome in favour of the
opioid, such as a longer duration of a sensory block
which was not correlated with a delay until the
patient needed a first analgesic, was not judged
clinically relevant by us.* Differences of doubtful
clinical importance were reported, such as the
shortening of the onset of a surgical block by a few
minutes?”*® or a minimal difference in the average
analgesic consumption.® A significant difference
between two opioids was shown but without a
placebo control,” so that clinical relevance of

this greater efficacy of buprenorphine relative to
morphine remains questionable. Furthermore, in
this trial the two opioids were compared in non-
equi-analgesic doses, and a systemic analgesic effect
of buprenorphine with its long duration of action
cannot be ruled out. Other drawbacks in studies
with positive findings were the very low pain
intensity scores irrespective of the treatment,*

the unconventional dose of opioids used,* or

the comparison of treatment arms which were

of no interest to this review.” Such trials cannot
be regarded as valid assays for evaluation of
analgesic efficacy.

Do these trials represent evidence of a lack of
efficacy of peripheral opioids, or rather a lack

of evidence of their efficacy? In the systematic
review of the relevant published literature on the
analgesic efficacy of intra-articular morphine, only
a minority of the analysed data could be regarded
as valid; yet this limited amount of data provided
some evidence for its analgesic efficacy.® Validity in
those trials was assumed when baseline pain was
sufficiently high to allow measurement of pain
relief, when an index of internal sensitivity was
given, and when blinding was adequate.’> Most

of the trials in the present review did not meet
these criteria.

As well as the issue of validity, there is the issue of
methodological quality. There are other examples
where trials with low scores (two or below on a scale
of 1-5) on the validated quality scale* used in this
review, have overestimated the effectiveness of
treatment.”” In the present review, none of the ten
trials which claimed efficacy of peripheral opioids
had a score above two (Figure 45). Seven of the

14 unequivocally negative reports had scores of
three or four. This means that the trials of highest
methodological quality in this data set could not
show any difference between peripheral opioid
and control.

This subgroup analysis by trial quality emphasises
that, in these clinical models, peripheral opioids
have no efficacy. The question is then why good
quality trials showed some efficacy of morphine in
the knee joint but no efficacy of different opioids in
peripheral sites outside the knee joint. This may be
because the knee joint model better reflects the
inflammatory process which is thought to be of
importance in sensitising peripheral opioid
receptors.® It may also be related to inadequately
low doses of opioids used in these trials. Doses of
morphine between 0.5 mg and 5 mg tested in the
confined space of the knee joint produced very high
local concentrations.® Similar doses of morphine
injected into the peritoneal or pleural cavity, or into
an isolated limb would produce much lower local
concentrations than in the knee joint.

This qualitative analysis of pain trials highlights the
importance of critical appraisal of the literature
and some of the difficulty encountered in doing it.
Authors of original reports tended to overinterpret
their findings and to confuse statistical significance
with clinical relevance. Inattentive or uncritical
readers may be misled into a false perception of
treatment efficacy. Some 30 years ago, Schwartz
and Lellouch distinguished between explanatory
studies, designed to prove a hypothesis, and prag-
matic studies, designed to tell us whether instiga-
ting a change was of benefit.* The distinction is
still important and the clinical use of peripheral
opioids requires much more evidence than exists
at present.
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Chapter 18

Pre-emptive analgesia: a systematic review
of clinical studies to 1994

Summary

Basic science evidence suggests that an analgesic
intervention made before surgery will produce a
better outcome than the same intervention made
after surgery. The evidence from RCTs which
tested this hypothesis in patients is reviewed

in this chapter.

Four studies with paracetamol or NSAIDs did not
show any pre-emptive effect. Of seven studies with
local anaesthetic, six did not show a pre-emptive
effect. In four studies with opioids, there was weak
evidence of a pre-emptive effect in three.

There are few perfect RCTs and, unfortunately,
this applies in the pre-emptive analgesia field.
Many of the studies which did not show a pre-
emptive effect lacked power. The opioid studies
which did show a pre-emptive effect had other
technical weaknesses.

One way to combat lack of power would be to
combine data (meta-analysis). This is very difficult
in this field because of the outcome measures
which investigators are using.

Introduction

Pre-emptive analgesia is analgesia given before

the painful stimulus begins. The reason for giving
analgesia before the painful stimulus is to prevent
or reduce subsequent pain. The concept that pre-
emptive analgesia might provide better pain
control came from basic science studies. Initial
observations were that noxious stimuli induced
changes in neural function,' such as hyperexcit-
ability, in the spinal cord. Later studies suggested
that analgesia given before the nociceptive stimulus
began was more effective than the same dose given
after the stimulus.

The editorial by Wall? focused clinicians’ attention
on pre-emptive analgesia and linked fundamental
work to clinical studies. He related the findings in
fundamental studies, the ways in which the central
nervous system changed following nociceptive

stimuli and the methods which could pre-empt
these changes, to clinical management of
postoperative pain. Since that editorial was
published, the issues have become much more
focused.

The central question is whether an intervention
made before pain starts has greater analgesic effect
than the same intervention (same dose, same
route) made after the pain. The aim is to define
the questions that need to be asked and, by
reviewing the clinical evidence systematically,

to see whether or not definitive answers exist.

This is a very active area of clinical research,

so that any conclusions may be overtaken by

new evidence.

The concept is a simple one. The effect of the pre-
emptive analgesia is to prevent or reduce the
development of any ‘memory’ of the pain stimulus
in the nervous system. Preventing or reducing the
pain memory should lower any subsequent anal-
gesic needs.? The scientific interest in this pheno-
menon is in the underlying mechanism. The
clinical interest is in the potential for improving
postoperative pain management.

The concept, and the explanation, are very
attractive. Management of postoperative pain
has rightly been criticised many times over the
last 30 years. Despite the advent of increasingly
high-technology approaches, it is doubtful that
most patients are any better served. If pre-
emptive analgesia worked then these patients’
pain might be reduced. Unfortunately there
are difficulties with the details, and difficulties
in interpreting conflicting evidence from
clinical studies.

We have been slow in distinguishing that pre-
emptive treatment with one kind of analgesic
intervention, for instance opioids, may not give the
same answer as pre-emptive treatment with another,
such as NSAIDs. We have also been slow to disting-
uish between two very different outcomes, the
outcome of a pre-emptive treatment on nociceptive
pain and the outcome of a pre-emptive treatment
on neuropathic pain.
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Problems with the fundamental evidence
Timing is one critical problem. If pre-emptive
treatment reduces the memory of the subsequent
noxious stimulus, how long does this effect last?
Evidence of any pre-emptive effect is of great
academic interest but a very short-lived effect, less
than 2 hours, for example, might be of little clinical
relevance, particularly if the pre-emptive treatment
carried any risk of increased morbidity. Conversely,
pre-emptive treatments which lasted for 10 hours
with minimal increase in morbidity would be of
immense clinical importance. Extrapolating from
brief effects demonstrated in various animal models
to clinical pain is not easy.

A second problem is whether any pre-emptive effect
is an effect on acute postoperative pain (nociceptive
pain), or on the development of long-term sequelae
such as phantom limb pain (neuropathic pain), or
on both. Different pre-emptive interventions might
be required to tackle these two different problems.
Positive or negative evidence of an effect of a
particular intervention on nociceptive pain might
not apply to neuropathic pain, and vice versa.

One animal model in which pre-emptive analgesic
effects have been shown is the formalin test. Sub-
cutaneous injection of formalin into the paw gives
rise to two ‘peaks’ of nociceptive input. Interven-
tions may be made at various times relative to the
injection of formalin, and the relative efficacy of
the same intervention made before the formalin
injection may be compared with the same injection
made after the formalin injection. With opioids,
intrathecal injection of the enkephalin DAMGO
before the formalin produced 70% greater
inhibition of the CAibre response than the same
dose injected intrathecally after the formalin.*®
With peripheral infiltrations of local anaesthetic,
one before and one after the formalin injection,
the behavioural response to the formalin was
abolished.’® Infiltration with local anaesthetic

25 minutes after the formalin made the hindpaw
anaesthetic but did not abolish the behavioural
response. Intrathecal injection of local anaesthetic
before the formalin abolished the behavioural
response; the same intrathecal dose 5 minutes
after the formalin had no effect.® NSAIDs injected
systemically or intrathecally before the formalin
injection produce a reduction in the behavioural
response;®’ it is not clear whether the same dose
of NSAID given after the formalin is less effective.

The ‘end’ of the second peak of the formalin
model occurs within an hour. This is very brief
when compared with clinical pain. In another
animal model, however, the development of

autotomy after peripheral nerve section, longer-
term ‘pre-emptive’ effects have been reported with
the use of local anaesthetic. The speed with which
autotomy developed in response to nerve section,
and the severity of the autotomy, was altered by
applying local anaesthetic to the nerve fibre before
the operation.® Pre-emptive use of local anaesthetic
delayed the onset of autotomy (42 versus 23 days)
and reduced its severity (15 versus 41%). Similarly,
50 pg of intrathecal morphine reduced autotomy
following unilateral sciatic nerve section.” These
studies are perhaps more analogous to chronic
rather than acute pain. The effect of such nerve
injury is believed to be analogous to neuropathic
as opposed to nociceptive pain.

From basic science then comes the idea that the
same dose of an analgesic given by the same route
may be more effective if given before surgery
rather than after. Neither of these models operates
on a time-scale which is a totally convincing analogy
of the clinical operative and postoperative states.
The formalin model is perhaps too brief and the
autotomy model too long. The formalin model
involves inflammatory change, the autotomy model
nerve damage. Clinical procedures may involve
both inflammatory response and nerve damage.
Could pre-emptive analgesia alter outcome in all
pain contexts, or is it limited, operating in, for
example, somatic but not visceral pain, and are

the underlying mechanisms the same? Clinical
demonstration of pre-emptive analgesia might fail
if the wrong setting was chosen. The secondary
issue is which is the pertinent outcome? For clinical
postoperative pain the outcome is measured over
hours extending to days. The prevention of chronic
pain development requires outcome measurement
over weeks, months and, perhaps, years.

The clinical evidence

The aim of this study is to provide a systematic
review of the evidence that an intervention given
before the pain starts has greater effect than the
same intervention (same dose, same route) given
after the pain. The review is performed separately
for each of three classes of intervention, NSAIDs,
local anaesthetics and opioids.

The inclusion criterion for the review was RCTs
which addressed the question of pre-emptive
treatment versus the same treatment given after
the pain had begun (Figure 46). Randomised
studies reduce the chance of selection bias; studies
which are not randomised have no such protection.
Ideally, the studies should be double-blind, and
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FIGURE 46 Design of study required to show
pre-emptive effect

also double-dummy if different routes are to be
compared in the treatment and control groups.
Studies were excluded from this review if they
were not RCTs and if they were RCTs which did
not compare pre-emptive with post treatment
(Figure 46).

Studies were identified by a MEDLINE search and
by hand searching. The MEDLINE search (Silver
Platter MEDLINE v. 3.0 and 3.1) covered 1966-May
1993. The strategy was designed to identify the
maximum number of randomised and/or double-
blind reports by using a combination of text words,
‘wild cards’ and MeSH terms as described previ-
ously."” Medical journals were searched by hand.
They were selected from a list of the 50 journals
with the highest number of reports in MEDLINE,
and nine specialist journals which were not
included in that list or which were not indexed.
The search process included volumes published
between 1950 and 1994. The studies included
(and excluded) are shown in Table 52.''-4

Excluded studies

Comparisons of pre-emptive treatment with no
treatment (whether or not randomised)

Several of the excluded papers (Table 52) are often
quoted as showing evidence of a pre-emptive effect.
They were, however, designed to show that an
analgesic intervention made before surgery was
more effective than no intervention at all, and did
not ask whether an analgesic intervention made
before surgery is more, less or as effective than the
same intervention made after surgery. Nonetheless,
reviewers have reached the conclusion that these
studies produce evidence of a pre-emptive effect.
While a positive result in such studies suggests a
worthwhile clinical benefit, it is not evidence for or
against a pre-emptive effect. Such evidence requires
the control of the same intervention made after
surgery (Figure 46).

Comparisons of pre-emptive treatment with
pre-emptive plus post-treatment

These studies (all were NSAID studies) were
designed to compare an NSAID given before
surgery with the same NSAID given both before
and after surgery. It is not possible from these
studies to answer the question of whether an
analgesic intervention made before surgery is
more effective, less effective or as effective as
the same intervention made after surgery.

Studies included

NSAID and paracetamol

Three RCTs with NSAIDs and one with paracetamol
met the inclusion criterion. All were in oral surgery
patients. Flath and colleagues'! studied four groups
of 30 patients each having endodontic surgery
(Table 53). One of these four groups had pre-
operative flurbiprofen and postoperative placebo.
A second group had preoperative placebo and
postoperative flurbiprofen. The preoperative dose
was given 30 minutes before surgery and the post-
operative dose 3 hours after. On the outcome
measures of categorical scale of pain intensity and
VAS pain intensity, there was no evidence of a pre-
emptive effect. The study had adequate sensitivity to
detect a difference because one of the groups had
preoperative and postoperative placebo, and the
pain scores in that group were significantly higher
than those in the groups who had flurbiprofen.

Sisk and colleagues'* compared diflunisal, 1 g, with
placebo in 20 patients having third molar extrac-
tions (7able 53). The design was crossover, as shown
in Figure 46. Over 8 hours there was no significant
difference between preoperative and postoperative
dosing, using categorical and VAS pain intensity
scores. Sisk and Grover'” used a similar design to
investigate naproxen, 550 mg, in third molar
extraction (7able 53). Again there was no significant
difference between pre- and postoperative dosing,
using categorical and VAS pain intensity scores.

Gustafsson and colleagues® also used a two-
occasion crossover design in third molar extrac-
tion, comparing paracetamol, 1 g, with placebo
(Table 52). Using a VAS pain intensity scale and
time to first analgesic as outcome measures there
was no significant difference between preoperative
and postoperative dosing.

These four studies provide a consistent answer to
the question. No measurable difference was found
between the same dose given preoperatively and
postoperatively. All four studies necessarily used
local anaesthetic; none used opioids. The balance
of the evidence is therefore that, at normal
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therapeutic oral doses of NSAID, no pre-emptive
effect was demonstrable.

Local anaesthetic

Studies of pre-emptive effect with local anaesthetics
may be divided into trials of epidural (spinal),
nerve block and infiltration (Table 54).

Epidural

Dahl and colleagues'? used a parallel group design
on 32 colonic surgery patients (Table 54). Epidural
bolus and infusion of a local anaesthetic and opioid
combination were given 40 minutes before surgery
for the preoperative group, and after surgery for
the postoperative group (some 2 hours after the
preoperative group). There was no dummy
injection. On categorical and VAS pain

intensity scales there was no evidence of

a pre-emptive effect.

Pryle and colleagues'® used a similar study design
in 36 abdominal hysterectomy patients (7able 54).
Local anaesthetic with adrenaline was given as a
lumbar epidural bolus either 40 minutes before
incision or after surgery (75 minutes after the
preoperative group). On the outcome measures of
categorical and VAS pain intensity scales, time to
first use of intravenous morphine via PCA and
amount of intravenous morphine via PCA, there
was no demonstrable pre-emptive effect.

Rice and colleagues® compared caudal blocks
pre- and postsurgery (Table 54)in 40 children
having outpatient surgery (mean operation time
30 minutes). An objective pain score did not show
any pre-emptive effect. Gunter and colleagues®
used a similar design in 24 boys having hypospadias
repair (Table 54). The caudal block before surgery
did reduce operating time and blood loss signifi-
cantly compared with the same block after surgery,
but there was no significant difference in the pain
outcomes of time to first analgesic or on overall
analgesic consumption.

Nerve block

Dierking and colleagues'® compared inguinal field
block pre- and postoperatively in 32 patients having
herniorrhaphy (Table 54). Using categorical and
VAS pain intensity scales there was no evidence

of a pre-emptive effect.

Infiltration

Ejlersen and colleagues® investigated pre-

and postoperative wound infiltration in 37
herniorrhaphy patients (Table 54). Using time to
remedication as the outcome measure, the patients
who had the infiltration 5 minutes before incision

had significantly longer time until remedication,
clear evidence of a pre-emptive effect.

Turner and Chalkiadis® compared infiltration
after induction (29 patients) with infiltration
after surgery (32 patients) and with no infiltration
(29 patients) in appendicectomy (7able 54). The
outcome measures were VAS pain intensity scores
and PCA consumption. They found no significant
difference between the groups.

The study which did show a pre-emptive effect

is the least subject to criticism,* but it is still
balanced by six negative studies, one of which

is an infiltration study of similar design. The
paediatric studies®* both had the problem

of pain scoring in children but neither showed
any pre-emptive effect. Importantly neither study
involved the use of opioid; both studies therefore
sought but did not find a pre-emptive effect of local
anaesthetic alone. It is difficult to understand why
one infiltration study should have produced a
positive result* when the other did not.”

In all the negative studies the local anaesthetic
intervention worked well, whether given before or
after surgery. The power of these studies (is the lack
of difference a true result?) thus becomes a major
issue. Also, it is not known whether these studies
were sufficiently sensitive to measure an effect if
there was one. The one study which did use a no-
treatment control® did not measure any significant
difference between infiltration (pre or post) and no
infiltration. This presents us with a set of negative
studies, without internal sensitivity checks, none of
which is of adequate size to be totally convincing.

Opioids

Four opioid studies (Table 55) conform to the
design required to answer the pre-emptive
question. Katz and colleagues'® looked at spinal
opioid, while Richmond and colleagues,'®
Amanor-Boadu and colleagues'® and Wilson and
colleagues® investigated the intravenous route.

In the study by Katz and colleagues,'® 30 thoracic
patients were randomised to lumbar epidural
fentanyl infusion, either pre- or intraoperatively
(Table 55). The infusion in the post-incision group
was started 15 minutes after incision. Using VAS
pain intensity and PCA intravenous morphine as
outcome measures, they found significantly lower
VAS pain intensity scores at 6 hours in the pre-
operative group (with no significant difference in
the PCA morphine consumption). From 12 hours
to 24 hours, they found significantly lower PCA
morphine consumption in the preoperative
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TABLE 52 Pre-emptive analgesia: studies included or excluded from the review

NSAID Local anaesthetic
Studies included

Flath, et al,, 1987"' Dahl, et al, 1992'?
Sisk, et al, 1989'* Pryle, et dl, 1993'°
Sisk & Grover, 1990'7 Dierking, et al., 1992'8
Gustafsson, et al,, 19822° Rice, et al,, 1990%'

Gunter, et al,, 19902
Ejlersen, et al,, 1992%*
Turner & Chalkiadis, 1994

NSAID + local anaesthetic + opioid: Kavanagh, et al,, 1994%

Studies excluded

Opioid

Katz, et al,, 1992"3
Richmond, et al,, 1993'¢
Amanor-Boadu, et al, 1993
Wilson, et al,, 19942

Pre-emptive treatment with no postoperative comparison whether or not randomised

Hutchison, et al,, 1990% Tverskoy, et al., 1990%8
McGlew, et al, 19913° Jebeles, et al, 19913
Smith & Brook, 199033 Bugedo, et al, 19903
Campbell, et al, 1990% Bach, et al,, 19883¢

Narchi, et al,, 19913

McQuay, et al., 1988%
Koskinen, et al, 199132

RCT but pre-emptive treatment plus postoperative treatment compared with postoperative only

Hill, et al,, 198738
Dupuis, et al,, 1988
Murphy & Medley, 1993*

TABLE 53 Pre-emptive analgesia: NSAID and paracetamol studies reviewed

Study Design Number Procedure Treatments Outcome Timing Timing Outcome
of measures pre- post- (pre- vs. post-
patients operative operative operative)

Flath,et al,  Parallel 120 Endodontic  Flurbiprofen, categorical/ |5 minutes 3 hours NSD

1987" 100 mg, vs. placebo  VAS PI

Sisk, et al., Cross- 20 Third molar Diflunisal, | g, vs. categorical/ 30 minutes 30 minutes NSD

1989' over placebo VAS Pl

Sisk & Cross- 36 Third molar Naproxen, 550 mg, categorical/ 30 minutes 30 minutes NSD

Grover, over vs. placebo VAS PI

1990

Gustafsson, Cross- 50 Third molar Paracetamol, | g, VAS PI 45 minutes 35 minutes NSD

etal, 19822 over vs. placebo TFA

group with no significant difference in the VAS
pain intensity score.

Richmond and colleagues'® randomised 76 total
abdominal hysterectomy patients to morphine,

10 mg intramuscular, as premedication, morphine,
10 mg intravenous, at induction or morphine,

10 mg intravenous, at closure (Table 55). Analgesic
outcome measures were VAS pain intensity scores
and PCA intravenous morphine consumption.
They found significantly lower PCA intravenous
morphine consumption in the group who had
received intravenous morphine at induction
compared with the group who received the

same dose by the same route at closure.

In a study of similar design, Amanor-Boadu and
colleagues'® looked at the effect of morphine, 5 mg
intravenous, given at induction or at closure to

41 body surface surgery patients (Table 55). Out-
come measures were the time to first analgesic and
the categorical and VAS pain intensity scores at that
time. The categorical pain intensity scores were
significantly lower at the time of remedication in
the group given morphine at induction compared
with the group given morphine at closure.

Wilson and colleagues® randomised 40 total
abdominal hysterectomy patients to alfentanil,
40 pg/kg intravenous, at induction or after skin
incision (Table 55). Analgesic outcome measures
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TABLE 54 Pre-emptive analgesia: local anaesthetic studies reviewed

Study Design No.of Procedure Treatments Outcome  Timing Timing Outcome
patients measures  pre- post- (pre- vs. post-
operative operative operative)

Epidural
Dabhl, et al., Parallel 32 Major Epidural VAS and bolus + bolus + NSD
1992 colonic (T9-T12): categorical  infusion infusion after
surgery bupivacaine Pl at rest, 40 minutes surgery
and morphine  cough and  preoperative (still asleep)
sitting up
Pryle,et al, Parallel 36 Abdominal  Epidural VAS and 40 minutes after surgery NSD
1993 hysterectomy (lumbar): categorical  pre-incision  (still asleep)
bupivacaine + PI,PCA
adrenaline morphine, i.v.
Rice,etal,  Parallel 40 Hernia, Caudal: Paediatric after induction after surgery NSD
1990 orchidopexy bupivacaine objective
score, TFA
Gunter, et al, Parallel 24 Distal Caudal: TFA, after induction after surgery NSD
1990% hypospadias  bupivacaine analgesic
needs
Nerve block
Dierking, Parallel 32 Herniorr- Inguinal field VAS and I5 minutes after closure  NSD
etal, 1992'® rhaphy block: lignocaine categorical  preoperative
Pl at rest,
cough and
moving
Infiltration
Ejlersen, et al,, Parallel 37 Hernior- Infiltration: TFA, 5 minutes pre- before closure Significantly
19922 rhaphy lignocaine analgesic incision (19)  (18) delayed
needs remedication
time in
preoperative
group
Turner & Parallel 90 Appendicec-  Infiltration: VAS Pl lying 3 minutes pre- at closure (32) NSD onVAS
Chalkiadis, tomy (29 lignocaine and sitting,  incision (29) Pl or PCA
19947 controls with PCA
no infiltration)
were VAS pain intensity scores and PCA intra- 24 hours.'" In the morphine, 5 mg intravenous,
venous morphine consumption. They found no study only one of the two outcomes showed a
significant difference in PCA morphine consump- significant effect. These three studies showing a
tion but significantly higher pain scores at rest in weak positive pre-emptive effect with opioid are
the pre-emptive group. balanced by a negative effect.” The negative study
is difficult to interpret because the difference in
Three studies suggest that opioids may have a pain score at the same PCA consumption may
pre-emptive effect. Unfortunately none of them mean a failure of study sensitivity.
is perfect. In the epidural study, there was a signifi-
cant pre-emptive effect at only one of the six Using pre-emptive NSAID, local anaesthetic and
VAS pain intensity measurement points. In the opioid together
morphine, 10 mg intravenous, study, PCA Kavanagh and colleagues® compared a premedi-

186 consumption was reversed in the subsequent cation of intramuscular morphine, 0.15 mg/kg,
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TABLE 55 Pre-emptive analgesia: opioid studies reviewed

Study Design No.of Procedure Treatments
patients

Epidural

Katz, et al,, Parallel 30 Thoracotomy Lumbar

1992" epidural:

fentanyl

Intravenous

Richmond,  Parallel 76 Total Morphine,

etal, 1993'¢ abdominal 10 mg,i.v.or
hysterectomy i.m.

Amanor- Parallel 41 Body surface Morphine,

Boadu, et al, 5 mg,i.v.

1993"

Wilson, et al,, Parallel 40 Total Alfentanil,

19942 abdominal 40 pglkg, i.v.
hysterectomy

perphenazine, 0.03 mg/kg, and rectal
indomethacin, 100 mg, coupled with intercostal
local anaesthetic with intramuscular midazolam
premedication, 0.05 mg/kg, and saline intercostal
blocks. Thirty thoracotomy patients were random-
ised to pre-emptive or control and compared using
VAS pain intensity and PCA morphine consump-
tion. There were no significant differences in VAS
pain intensity scores. PCA consumption was
significantly lower at 6 hours in the pre-emptive
group, there was no significant difference at

12 hours and, at 24 hours and 48 hours, the
morphine consumption in the pre-emptive group
was significantly greater than control. This study
did not compare the same intervention made
before and after but has been included because
itis the clearest example of an RCT using multiple

Outcome  Timing Timing Outcome
measures  pre- post- (pre- vs. post-
operative operative operative)
VAS Pland ~ 30-minute 30-minute Significant
PCA infusion started infusion started difference
morphine,iv. 55 minutes I5 minutes (VAS Pl lower
pre-incision after incision  at 6 hours and
PCA mor-
phine lower at
[2-24 hours in
pre-emptive
group)
VASPland  im.pre- i.v.at closure  Significant
PCA medication (16) (21) difference
morphine,iv. oriv.at (PCA mor-

induction (23) phine lower to
24 hours in i.v.
pre-emptive
group at
equivalent
VAS PI)

VAS and At induction
categorical  (21I)
Pl at TFA

At closure (20) Significant
difference
(categorical PI
lower at TFA
in pre-emptive
group)

VAS Pland  iv.atinduction iv. | minute
PCA (20) after incision
morphine, i.v. (20)

Significant
difference
(VAS PI (rest)
higher in pre-
emptive group
at same PCA)

(three drug classes) interventions to demonstrate a
pre-emptive effect.

Comment

The evidence for pre-emptive effects should be
answered separately for each of the three drug
classes reviewed, because the answers may be
different. For NSAIDs and paracetamol there are
four good studies, all with no evidence of a pre-
emptive effect. If there is a pre-emptive effect of
NSAID it is unlikely to be seen with conventional
dosing. In the case of local anaesthetics, one
infiltration study showed a pre-emptive effect,
another of similar design did not. Five other
studies, spinal and nerve block, did not show any
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effect. These negative local anaesthetic studies
have been criticised* because they were
‘contaminated’ by opioid but, in two of the
studies,?"? patients received no opioid. Perhaps
a stronger criticism of these negative studies is
that they lacked power.

The evidence with opioids is inconclusive. The
evidence from fundamental studies for a pre-
emptive effect of opioid*? is stronger than its
equivalents for local anaesthetic and NSAID.
Inevitably what is now needed are studies of
adequate design and size to establish whether
or not there is indeed a measurable pre-emptive
effect of opioid in man. If the intravenous route
can be used to answer the question, studies are
easier to perform than if the effect was only found
with spinal routes. The caveat must be that the
dose used in the (intrathecal) basic studies was
large (up to 50 pg) and that the effect was
demonstrated via the intrathecal route. This
makes the human findings with relatively small
intravenous doses all the more remarkable.
Evidence of a pre-emptive effect with opioid
would offer great potential benefit to patients
with postoperative pain. It would also be important
to know if such a pre-emptive effect applied to
neuropathic pain.**

One important methodological issue is that
increasingly investigators are using two post-
operative outcomes, a VAS for pain intensity

and PCA consumption. The assumption is made
that patients will use PCA to achieve similar levels
of VAS pain intensity. If the VAS pain intensity
values for pre-emptive and control are not
significantly different but the PCA consumption
does show a significant difference, that is a valid
result. The corollary is not valid. There may also
be advantage (at least to the systematic reviewer)
in using pain relief rather than pain intensity
outcomes. Combining data across studies is much
more valid for pain relief than pain intensity.*?
Ideally such combination of data would increase
power and help to answer the clinical pre-
emptive question.

One final point which gets forgotten is that
acute tolerance is well known with opioids. Two
of the pre-emptive studies'®*® showed that pre-
emptive treatment led to significant increase in
postoperative analgesic consumption. It may be
that any pre-emptive effect of opioids would be
counteracted by induction of acute tolerance.
This, however, is not in accord with the basic
science demonstration of a pre-emptive

opioid effect.
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Chapter 19

TENS in acute postoperative pain

Summary

The aim was to examine the evidence for the
importance of randomisation of TENS in acute
postoperative pain. Controlled trials were sought;
randomisation and analgesic and adverse effect
outcomes were summarised. A total of 46 reports
were identified by searching strategies, of which

17 with 786 patients could be regarded unequivoc-
ally as RCTs in acute postoperative pain. No meta-
analysis was possible. In 15 of the 17 RCTs, TENS
was judged to have no benefit over placebo. Of the
29 excluded trials, 19 had pain outcomes but were
not RCTs; in 17 of these, their authors concluded
that TENS had a positive analgesic effect. No
adverse effects were reported. Non-randomised
trials overestimate treatment effects.

This chapter was published in full in 1996 by
Carroll and colleagues.'

Introduction

TENS was originally developed as a way of
controlling pain through the ‘gate’ theory.? There
is conflicting professional opinion about the use

of TENS in acute postoperative pain. The recom-
mendations of the Agency for Health Care Policy
and Research’® for acute pain management state that
TENS is “effective in reducing pain and improving
physical function”, while an earlier report from the
UK College of Anaesthetists’ working party on pain
after surgery® says that “TENS is not effective as the
sole treatment of moderate or severe pain after
surgery”. Some textbooks recommend or strongly
recommend TENS for postoperative pain,”
although one at least is uncertain.'” TENS is of
doubtful benefit in labour pain'' and no systematic
review of its use in chronic pain could be found.

Quality of methods used in clinical trials has been
shown to be a key determinant of the eventual
results. Schulz and colleagues'? have demonstrated
that trials which are not randomised or are inade-
quately randomised exaggerate the estimate of
treatment effect by up to 40%. Studies which are
not fully blinded can exaggerate the estimate of
treatment effect by up to 17%. Evidence of the
effect of randomisation in trials with pain as an

outcome was sought in studies of TENS in acute
postoperative pain.

Methods

A number of different search strategies were used
to identify controlled trials for TENS in acute
postoperative pain in both MEDLINE (1966-95:
Knowledge Server v. 3.25: January 1996) and the
Oxford Pain Relief Database (1950-92).!® The
terms “TENS’ and ‘transcutaneous electrical nerve
stimulation’ were used in searching, including
combinations of these words. Additional reports
were identified from the reference lists of retrieved
reports, review articles and textbooks.

Inclusion criteria were:

¢ full journal publication
¢ TENS
® postoperative pain with pain outcomes.

Reports of TENS for the relief of other acute pain
conditions, such as labour pain, acute infections
and procedures, or those in which there were

less than ten patients per treatment group were
excluded. Abstracts and review articles were not
considered. Unpublished reports were not sought.
Neither authors of reports nor manufacturers of
TENS equipment were contacted.

Two types of control predominated: open studies
compared TENS with conventional postoperative
analgesia (intramuscular opiate) or with disabled
TENS instruments (sham TENS). Some studies
used blinded observers. While there was no prior
hypothesis that TENS could not be blinded
adequately, it was determined that, despite the
considerable efforts documented in some reports,
adequate blinding was impossible in practice.

Each report which could possibly meet the
inclusion criteria was read by each author
independently and scored for inclusion and quality
using a 3-item scale. Included reports had one
point for randomisation, a further point if this had
been done correctly, and a third if the number and
reasons for withdrawals were given. Authors met to
agree that studies were randomised, or whether
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the description of the method of randomisation
was adequate.'?

Information about the surgery, numbers of
patients, study design and duration of treatment
was extracted from randomised reports. The type
of TENS equipment, its settings and the method
and frequency of its use and placement of elec-
trodes was also extracted. Control group design
and the use of TENS in these controls was similarly
noted. Pain outcomes, overall findings and con-
clusions were noted for each report, together with
any adverse effect information.

A judgement was then made as to whether the
overall conclusion of randomised reports was
positive or negative for the analgesic effectiveness
of TENS. Post-hoc sub-group analysis in the original
reports was not considered in the judgement of

overall effectiveness. Reports which had pain
measures but which were not randomised or
were inadequately randomised were examined
for positive or negative analgesic effectiveness
of TENS using the judgement of their authors.

Results

Of the 46 reports that were considered, three did
not have pain outcomes, three had fewer than
ten patients per group, three had methodological
problems and one reported on pain during
rather than after a procedure. These were not
considered further.

A total of 19 reports were either not RCTs or
the method of randomisation was inappropriate
(Table 56).°% Of the 19 reports with pain measures

TABLE 56 Non-randomised reports of TENS in acute postoperative pain

Study Pain condition or Description Authors’ judgement about
operation type analgesic effectiveness
Ali, et al, 1981 Upper abdominal Not RCT Positive
Bussey & Jackson, 19816 Cholecystectomy, Retrospective study not RCT Positive
hernia repair
Cooperman, et al,, 1977"7 Upper abdominal Inadequate randomisation Positive
Cornell, et al, 1984'8 Foot Not RCT: matched case control Positive
Hollinger, 1986'"° Caesarian section Not RCT Positive
Hymes, et al, 1974%° General Not RCT Positive
Issenman, et al., 1985%' Spinal fusion Not RCT Positive
Lanham, et al., 198422 Foot Retrospective, not RCT Positive
Merrill, 1987% Urological Not RCT Positive
Merrill, 1988%* Urological Not RCT Positive
Merrill, 19882 Urological Not RCT Positive
Neary, 19812 Abdominal, thoracic Not RCT Positive
Reuss, et al,, 1988% Cholecystectomy Not RCT Negative
Rooney, et al, 1983% Thoracotomy Inadequate randomisation method Positive
Schomberg & Carter- Laparotomy Retrospective, not RCT Positive
Baker, 1983%
Schuster & Infante, 1980°°  Low back Not RCT Positive
Solomon, et al,, 1980°' Lumbar, hip, Retrospective, not RCT Positive
gynaecological
Stabile & Mallory, 19782 Knee and hip joint Not RCT Positive
Strayhorn, 19833 Gastric bypass Not RCT Negative
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excluded because they were either not randomised
or inadequately randomised, 17 were judged by
their authors to have positive analgesic results for
TENS in acute postoperative pain.

Of the 17 randomised studies with pain outcomes
found, 15 were judged to show no analgesic benefit

of TENS in acute postoperative pain (Table 57).

TABLE 57 Analgesic benefit of TENS in postoperative pain

Analgesic result

Positive Negative
Randomised 2 15
Inadequate or
not randomised 17 2

Randomised studies

The randomised studies had information from
786 patients (Table 58).*”** TENS was used after
various operative procedures including cardio-
thoracic, major orthopaedic and gastrointestinal
surgery. Ten different TENS machines were used
with different control settings and durations of
treatment; in six studies, individual titration of
settings was reported. TENS was compared with
sham TENS without batteries, with batteries
reversed or with sub-threshold stimulation in

14 studies; in the other three, TENS plus intra-
muscular opiate was compared with intramuscular
opiate alone. Quality scores were generally 1 or 2
out of a maximum of 3. The most common out-
come measures reported were analgesic consump-
tion and a variety of pain score measurements.
Information was not presented in formats which
allowed extraction for meta-analysis (Table 58).

TENS versus sham TENS

Of the 17 included RCTs, 14 compared TENS

with sham TENS. Not one found any difference.
One of the 14* reported no significant difference
between TENS and sham TENS for analgesic con-
sumption but did report a statistically significant
difference for pain intensity in favour of the active
TENS; the published results, however, used a one-
tailed statistical test which was judged inappropriate.

TENS versus opiate control

Of the 17 included RCTs, seven compared opiate
plus TENS with opiate alone, four of which also
included sham TENS. Of the seven studies, five
failed to detect any differences in analgesic con-
sumption or pain measurements between TENS
and non-TENS controls. Two reports were judged
by their authors and by us to be positive.***”

Pike* studied 40 patients after total hip replace-
ment. The study had as its main outcome measure
the number of pethidine (meperidine) injections
in the first 2 postoperative days and a retrospective
global rating. Patients with active TENS had
significantly fewer pethidine injections on the first
postoperative day as well as higher scores on global
rating of treatment. VanderArk and McGrath*’
recruited 100 patients having abdominal and
thoracic surgery in 2 months and, although there
was more success with active TENS used for 20
minutes three times a day, maximal relief was
“almost invariably associated with the first stimu-
lation”. Generally there were no obvious differ-
ences between the use of TENS in these two posi-
tive studies and the 15 which showed no benefit.

Adverse events
No report described systematic recording of
adverse events nor were any reported.

Comment

The gold standard in clinical trials is adequate ran-
domisation."” For nearly 20 years, non-randomised
studies have been shown to yield larger estimates of
treatment effects than studies using random allo-
cation.” The degree of the exaggeration of treat-
ment effect when randomisation is inappropriate can
be as much as 40%." These findings underpin the
inclusion criteria chosen in systematic reviews.

For TENS in acute postoperative pain, 17 of

19 reports with pain outcomes which were either
not randomised or inappropriately randomised
claimed TENS to be effective, compared with
two of 17 RCTs (Tuable 57).

The possibility of bias exists. The method of ran-
domisation was described in only two reports.'”?
The method described was inadequate in both,
one using a nurse to randomise patients'” and the
other using alternate allocation.?® Reports which
said only that they were randomised may also
have used an inadequate method.

That these data represent the lowest common
denominator of information, essentially vote
counting rather than a more sophisticated analysis,
reflects the nature of the analgesic scoring methods
that predominated in the original reports. Pain
scoring using analogue or categorical scales was
reported as a mean (an unreliable statistic™);
alternatively, mean analgesic consumption or time
to first analgesic was used. None of these allowed
data extraction for further statistical analysis or
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TABLE 58 Randomised studies of TENS in acute postoperative pain

Study Operation

type
Conn,etal,  Appendicectomy
1986%

Cushieri, et al, Abdominal
1985°°

Davies, Caesarean section
1982%

Forster, Coronary artery

etal, 1994 bypass

Galloway, Cholecystectomy
etal, 19847

Gilbert, et al, Herniorrhaphy
1986¥

Lim, et al, Abdominal
1983*

McCallum,  Laminectomy
etal, 1988*

Navarathnam, Cardiac
et al, 1984%

Study design
and duration
of treatment
periods

patients

Parallel group: 42
TENS 15;sham
TENS 13;stand

ard postoperative
analgesia 14.

48 hours

Parallel group: 106
sham TENS 53;

TENS 53.

72 hours

Parallel group 35
(female): general
anaesthetic +

TENS 10;

epidural + TENS

I1; general anaes-
thetic + sham

TENS 8; epidural
+sham TENS 6.

24 hours

Parallel group 45
(males): TENS 15;
sham TENS 15;
postoperative
analgesia |5.

72 hours

Parallel group: 40
TENS 14; remote
TENS 12; post-
operative

analgesia 14.

48 hours

Parallel group 40
(males): TENS

20; sham TENS

20.

72 hours

Parallel group: 34
TENS 15;sham
TENS 5.

48 hours

Parallel group: 20
TENS 10;sham
TENS 10.

24 hours

Parallel group: 31
TENS 14;sham
TENS 17.

72 hours

Number of TENS details

Dow Corning
Wright, single
channel, electrodes
(either side of
wound).

Codman, dual
channel,2
electrodes (either
side of wound).

Stim-Tec EPC Mini,
Model 6011, dual
channel (I channel
only used), 2
electrodes (either
end of wound).

Nuwave, Staodyn.
| pair electrodes
(TI-T5), | pair
(either side of
wound).

3MTenzcare, dual
channel, site of
electrodes not
described.

Dow Corning,
Wright Care,
dual channel,2
electrodes (either
side of wound).

Neuromed 3722,
2 electrodes
(either side of
wound).

Dow Corning,
Wright Care,

dual channel, 4
electrodes (at each
end and on either
side of wound).

3MTenz care
Model 6240, dual
channel, 2 pairs
electrodes (either
side of the wound
and mid-thoracic
region).

outcomes

VAS Pl at
48 hours;

TENS control ~ TENS control Pain
setting

Fixed rate Sham TENS

(tingling sensation ~ (not turned on)
preoperatively).

Fixed rate (tingling Sham TENS
sensation pre- (batteries
operatively), reversed)
rectangular wave

form, pulse width

(170 ms), pulse

rate 80/second,

output 15 milliamps.

Amplitude Sham TENS
individually titrated, (no batteries)
wave fixed

(during surgery).

Individually titrated Sham TENS
(tingling sensation). (no current)

Individually titrated. Sham TENS
(remote non-
segmental)

Individually titrated: Sham TENS
pulse duration (no current)
180 ps, frequency

70 Hz, amplitude

75.

Individually titrated Sham TENS
(tingling sensation). (batteries
reversed)

Individually titrated, Sham TENS
180 ps pulse width, (no current)
frequency 70 Hz.

Individually titrated, Sham TENS
pulse rate 5, width  (no batteries)
control 3,

amplitude.

analgesic
consumption
(24,48 hours).

VAS Pl: average
pain twice daily,
morphine
consumption.

VAS PI: hourly,
time to first
analgesic,
analgesic
consumption.

Pain (0-10) on
cough and rest;
narcotic
consumption.

VAS PI;
categorical Pl
(4-point scale)
at 24,48 hours;
analgesic
consumption.

VAS Pl twice
daily; analgesic
consumption.

VAS Pl (2,4,6,
24,48 hours);
analgesic

consumption.

PCA morphine
consumption,
24 hours.

5-point
categorical Pl;
analgesic
consumption.

Results for
pain outcomes

Judgement

NSD between shamand ~ Negative
active TENS for pain and

drug consumption;

significant difference for

PI control vs. TENS and

sham TENS (p < 0.01).

NSD between TENS and  Negative
sham TENS.

No overall difference in
analgesic consumption
or pain.

Negative

NSD TENS vs. sham
TENS.

Negative

NSD TENS vs. sham

TENS for pain or analgesic
consumption. Pain but not
analgesic consumption
significantly worse in
control group (p < 0.05)
immediately after surgery.

Negative

NSD TENS vs. sham
TENS.

Negative

NSD TENS vs. sham
TENS.

Negative

NSD TENS vs. sham
TENS.

Negative

NSD TENS and sham
TENS.

Negative

Score

continued
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TABLE 58 contd Randomised studies of TENS in acute postoperative pain

Study Operation Study design  Number of TENS details TENS control ~ TENS control Pain Results for Judgement  Score
type and duration patients setting outcomes pain outcomes
of treatment
periods
Pike, 1978°  Total hip Parallel group: 40 EPCTimeTech Individually titrated, Global Significantly less Positive |
replacement TENS 20; opiate clinical stimulator, ~ continual assessment;  pethidine consumed in
control 20. dual channel, 2 pairs stimulation. analgesic TENS group on day |
24 hours electrodes (I pair consumption.  (p < 0.001).
paravertebrally
(L2-52), between
trochanter and
coccyx, | pair above
iliac crest, head
of fibula).
Reuss,etal,  Cholecystectomy  Parallel group: 64 EPC, electrodes  Pulse rate Daily dose of ~ NSD Negative |
1988% TENS 30; opiate placed within 2 cm  50/second, pulse pethidine for
control 34. of the wound. width 170 ms, 3 postoperative
amplitude 0-50. days.
Smedley, Inguinal hernia Parallel group 62 3MTenzcare dual  Individually titrated Sham TENS VAS P1,6,12,24, NSD TENS vs. sham Negative 2
etal, 1988"  repair (males): TENS channel,2 pairs of ~ (tingling sensation), (controls 36,48 hours; ~ TENS.
34;sham TENS electrodes (over 70 Hz rectangular  turned off) opiate
28. first lumbar verte-  pulse,amplitude. consumption.
48 hours brae and on either
side of wound).
Stubbing &  Thoracotomy Parallel group: 40 Dow Corning, Individually titrated, 5-point PI,6,  NSD TENS vs.sham Negative |
Jellicoe, TENS +im. Wright Care 2 fixed pulse rate 24,48 hours;  TENS.
1988% omnopon 20;i.m. channel, 2 70/second, analgesic
omnopon 20. electrodes (either  rectangular wave- consumption;
48 hours side of incision).  form, pulse width time to oral
180 ps. analgesics; length
of hospital stay.
Taylor,etal, ~ Abdominal Parallel group: 77 MedGen, Fixed pulse width ~ Sham TENS Daily 10-point  NSD TENS vs. sham Negative |
1983 TENS 30;sham electrode, 80 ms,frequency  (nocurrent) Pl TENS or control.
TENS 22;i.m. placement not 40 Hz, amplitude
narcotics 25. described. individually titrated.
72 hours
VanderArk  Abdominal and Parallel group: 100 Neuromed Model ~ Frequency Sham TENS Pain; analgesic ~ Significant difference Positive
&McGrath,  thoracic TENS 61;sham 3700, Meditronic, ~ 100-150/second,  (no batteries)  consumption;  reported. 2/39 partial
1975¢ TENS 39. electrode site output 20-35, duration relief or complete relief
24 hours post- individually chosen. pulse duration of relief. sham TENS vs. 34 /61
surgery until 250-400 ms. with active TENS.
discharge, TDS Analgesic consumption
x 20 minutes. not reported.
Walker, et al, Total knee Phase 2 - 48 Strodynamics, Amplitude setting ~ Sham TENS Analgesic NSD TENS vs. sham Negative |
1991 replacement parallel group: continuous. No individually titrated, (sub-threshold ~ consumption;  TENS or control.
TENS 18;sham other information  pulse duration stimulation) length of
TENS 18; post- given, electrode 100 ps at hospital stay.
operative placement not 70/second.
analgesia 12. described.
72 hours
Warfield, Thoracotomy Parallel group: 24 3MTenzcare 6240, Continuous stimu-  Sham TENS PI0-10; NSD TENS vs. sham Negative 2
etal, 1985" TENS 12;sham 2 electrodes placed lation,amplitude 7, (no current)  analgesic TENS. Positive result
TENS 12. on either side pulse rate 3, pulse consumption.  reported with one-tailed
48 hours of incision. width 5. test of statistical

significance.

comparison between reports. While more rigorous
pain scoring might have been used, there is no
evidence that all of the reports suffered a systematic
failure in analgesic measurement.

Inadequacy of blinding in clinical trials of anal-gesic
interventions continues to be of concern,* although

this may be less of an issue with pharmacological
interventions.” Blinding of procedures is much
more difficult than blinding of drug studies. Most
of the TENS studies did make attempts at blinding,
for instance by removing batteries from the TENS
apparatus (sham TENS) or by using staff with no
knowledge of the study or allocation to conduct the
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patient assessments. Lack of blinding has been
estimated to exaggerate the estimate of treatment
effect of trials by some 17%."? Adequate blinding of
TENS for both carers and patients is particularly
difficult.”® None of the reports was judged to have
been blinded and this lowered the quality scores
given to the 17 randomised studies. The fact that
only two of the reports showed any positive effect
of TENS in acute postoperative pain is all the more
striking because of this potential overestimation

of treatment effect due to lack of blinding.

The clear message from the studies considered in
this systematic review is that adequate random-
isation is an important quality standard in studies
with pain outcomes. Including non-randomised
studies in reviews may give the wrong answer. The
Agency for Health Care Policy and Research
guidelines on acute pain management included
non-randomised reports, and this may explain their
more positive attitude towards TENS.?
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Chapter 20
TENS in labour pain

Summary

TENS is used widely for relief of pain in labour.
However, two previous systematic reviews have
questioned its effectiveness in this context.
Reports were sought by searching MEDLINE,
EMBASE, CINAHL and the Oxford Pain Relief
Database. Outcomes included pain and adverse
effect measures.

Ten RCTs were found; of the 877 women
involved, 436 received active TENS and 441 acted
as controls (sham TENS or no treatment). There
were no significant differences reported for
prospective primary pain outcomes in any of the
ten studies. Three studies reported significant
differences between active and sham TENS for
secondary pain outcomes. The use of additional
analgesic interventions was not different with
active or sham TENS (relative risk 0.88 (095%
CI, 72-1.07)).

The findings suggest that TENS has no significant
effect on pain in labour. Women in labour should
be offered more effective interventions for the
relief of pain.

Methods

A number of different search strategies were used
to identify eligible reports of RCTs of TENS in
labour pain in MEDLINE (1966-97), EMBASE
(1980-97), CINAHL (1982-97), the Cochrane
Library (issue 2, 1997) and the Oxford Pain Relief
Database (1950-95).! The date of last search was
April 1997. The terms ‘TENS’, ‘transcutaneous
electrical nerve stimulation’, ‘labour’ and ‘child-
birth’ were used in searching, including in combi-
nations, and there was no language restriction.
Additional reports were identified from the refer-
ence lists of retrieved reports, review articles® and
textbooks. Manufacturers of TENS equipment were
not contacted. Abstracts and review articles were
not considered. Unpublished reports were

not sought.

Inclusion criteria were full journal publication,
TENS, labour pain with pain outcomes and
randomised treatment allocation. Reports of TENS

for the relief of other pain conditions or those in
which there were fewer than ten patients per
treatment group were excluded.’

Each report which could possibly meet the
inclusion criteria was read by each author inde-
pendently and scored for inclusion and quality
using a 3-item scale* which examined random-
isation, blinding and withdrawal, and drop-outs.
An included report could have a maximum score
of 5 and a minimum of 1. Where the method of
treatment allocation was unconcealed (alternate
allocation, for instance) the report was excluded.
A pre-hoc judgement was made that it would be
difficult to blind TENS and thus quality scores
were unlikely to exceed 3.

Information about inclusion criteria for women in
labour, stage of labour, cervical dilatation, number
of women, study design and timing and duration
of treatment was extracted from the reports,
together with information on other analgesic
interventions and preferences for future child-
birth. The type of TENS equipment, its settings
and the method and frequency of its use and
positioning of electrodes was also extracted.
Control group design and the use of TENS in
these controls was similarly noted, including

the methods used to disable TENS devices

(e.g. sham TENS with no battery).

The effectiveness of TENS was judged by whether
or not a statistically significant difference between
TENS and the control group (sham TENS or no
treatment) was reported in the original report for
at least one of the outcome measures used. Out-
comes were judged by us as being either primary or
secondary. Primary outcomes were defined as any
prospective assessment of pain intensity or relief
made at the time of labour and when TENS was

in use. Secondary outcomes were defined as any
retrospective assessment of pain or pain relief or
any other measure, or judgement made after
delivery, or after TENS had been discontinued.
Secondary outcomes included the use of any
additional pain interventions, the timing of

such interventions and any retrospective global
evaluation of the study treatments. A judgement
was then made as to whether the overall conclusion
of the report was positive or negative for the anal-
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gesic effectiveness of TENS on primary and
secondary outcomes separately. Post-hoc sub-group
analysis in the original reports was not considered
in the judgement of overall effectiveness. Any
information on adverse effects was summarised.

Relative risk or benefit was calculated with the

95% CI using a random effect model® for analgesic
data which were not homogeneous (p<0.1). A
statistically significant difference from control was
assumed when the 95% CI of relative risk did not
include 1. An NNT was calculated with 95% CIs® for
any comparison which showed significance with
relative risk.

Results

Two additional reports were found which were
not included in a previous review.” Ten reports
involving 877 women were included; 436 women
received active TENS and 441 acted as controls.
The methodological details of the study designs,
instructions to women before and during labour,
TENS details and settings, control conditions and
methods of blinding are presented in Zable 59. One
study® used cranial TENS; others used TENS with
dorsal or suprapubic stimulation. Nine different
TENS devices were used in the ten studies,
predominantly with individual titration.

Three studies used conventional analgesic
administration (no TENS) as the control group.**
In seven studies disabled TENS instruments (sham
TENS) were used as a control group.'™"” In one
study both sham TENS and a no TENS control
were used.'® In only one study'® was a sufficiently
determined attempt at blinding made to merit any
inclusion points for blinding. This study had an
inclusion quality score of 4; seven studies scored

2 and two scored 1.

Pain outcomes and results for the ten studies are
presented in Table 60. There was no consistency

in the method of measuring pain intensity or relief.
In some studies suprapubic and back pain was
measured separately, and in others pain was
measured at different stages of labour or at
different degrees of cervical dilatation. No study
recorded any difference in pain intensity or relief
scores between TENS and control during labour.

Additional analgesic interventions were recorded
in eight of the ten reports.”''"!” In two studies, the
total number of interventions was noted. Bundsen®
recorded 17 additional analgesic interventions

in 11 women receiving usual obstetric analgesic

care compared with 21 additional interventions

in 16 women receiving TENS. Nesheim'* recorded
that 35 women with TENS needed 49 analgesic
interventions compared with 63 interventions in
35 women with sham TENS. In one study,” all
analgesic interventions were reported, other than
epidurals which were discouraged in this study.

Figures for the number of women who received
any other analgesic intervention were given in
five studies."!"*'>1® The results of this secondary
outcome for the comparisons of active TENS with
sham TENS, together with the number of women
in the comparison, are presented in Figure 47.
Overall, of 292 women, 227 (78%) given active
TENS had an additional analgesic intervention
compared with 239 of 280 women (85%) having
sham TENS. There was no difference between
active and sham TENS in the three largest studies
(Figure 47). The combined result of all five studies
had a relative risk of 0.88 (95% CI, 0.72-1.07;
Figure 48). The lack of any statistical difference
made the calculation of an NNT irrelevant.

None of the studies were judged to have a positive
result for the primary outcome measures, which
were prospective measures of pain intensity or
relief. For the secondary outcomes of additional
analgesics taken or time to next analgesic, three
studies®''® were judged to have a positive result.
The three positive studies included a study of
cranial TENS in 20 women,'® in which only the
single outcome of other analgesics taken was used,
and a comparison of TENS plus epidural compared
with epidural alone."”

There were no reports of adverse events in any of
the ten studies.

Comment

None of the ten studies included in this review
reported any significant difference between the
active TENS treatments and controls for any of
the primary pain outcome measures used. This
strengthens the findings of previous negative
reviews on TENS in labour.*"® The weak evidence
from secondary outcome measures that the need
for additional analgesics may be diminished'® was
negated by an additional large trial,’® in which no
difference was found between active TENS and
sham TENS. Trial size is likely to be important
when assessing even primary outcomes but for
weak secondary pain outcomes, such as additional
analgesic requirements, the effect of trial size
shown in Figure 47 was dramatic. The two trials
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TABLE 59 Randomised studies of TENS in labour pain

Study

Bunsden,
etal, 1987’

Champagne,
etal, 1984"

Chia, et al,
1990'

Harrison,
etal, 1986

Lee,et al,
190"

Nesheim,
1981

Early
criteria

Induced labour
only (amniotomy
+ oxytocin), who
did not desire
specific alternative
pain intervention,
all attended
antenatal clinic
pre-delivery.

Primipara and

Study design
and duration
of treatment
periods

Parallel group:
I.TENS (l6);

2. control group
(I'1). Dorsal and
suprapubic stimu-
lation at two dif-
ferent frequencies;
TENS from time
of first contraction
to parturition.

Parallel group:

multipara requiring |. Limoge cranio

analgesia during
labour and
delivery.

Surgical induction
or early labour,
primigravida who
had not previously
experienced

other forms of
analgesia in labour.

Primigravida and
third labour, who
did not desire
specific alternative
pain intervention.

Primigravida and
second uncompli-
cated labour; age
range 18-35 years.

Expected birth
following normal
labour and normal
pregnancy; cervical
dilation < 4 cm.

TENS (10);2.
Sham cranio TENS
(10). Began when
analgesia
requested.

Partial crossover:
I.TENS (10); 2.
Entonox (10).
Study began when
patients requested
analgesia in early
stage of labour;
complete once
second stage of
labour reached

or other form of
analgesia requested.

Parallel group: I.
Parity 0,TENS
(49);2. Parity 0,
sham TENS (51);
3. Parity 3TENS
(27);4. Parity 3
sham TENS (23).
From admission
to labour ward.

Parallel group:

1. TENS (38);
2.sham TENS (33);
3.No treatment
control (34).

Parallel group: I.
TENS (35); 2. sham
TENS (35). Began
when dilation
<4cm.

Pre-
study
instructions

Standard
information
about study
and available
methods of PR.
Women
requested to

try TENS before

receiving other
pain inter-
ventions.

Not described.

TENS unit
explained and
demonstrated
before painful
contractions,
midwife taught
patients
breathing
technique for
Entonox.

Patients
assured that
they could use
TENS until
confident; that
other forms of
analgesia would
be available;
nature of TENS
explained.

Patients given
verbal explan-
ation on ration-
ale for TENS.
Additional anal-
gesia given as
necessary, but
epidurals not
encouraged.

Aim was to try
TENS to
determine its
effectiveness in
labour pain, no
risks and alter-
native methods
would be
available if PR
inadequate.

TENS
machine

Intra-study
instructions

Women in control Custom-built

group allowed stimulator

conventional

obstetric analgesia

as required.

Not described.  Anesthelec
MPO2
cranial
Limoge
TENS

Could use burst ~ Spembly

mode if needed  (Obstetric

during painful Pulsar) dual
contractions. channel

Titrate controls ~ 3M Tenzcare,

as contractions  dual channel

increased, they

were not made

aware of any

sensations at site

of electrodes.

Low-frequency  Eastleigh

TENS was com-  Obstetric

menced during  device

first stage of

labour, high fre-

quency TENS used

during contractions
and second stage.
Patients not made
aware of sensations
at site of stimulation.

Two sets of Travisens,
instructions: . Dan-Sjo
Explanation of ~ Elektronik
active treatment to

patient and partner,
encouraged to use
when contraction
began, to use more
intensely as pain
increased, free to
stop at any time.
2.Sham - to expect
no sensation other
than warmth.

TENS Electrode
setting details
Individually Two electrodes:
titrated by one  one supra-pubic,
author: two one low back.
frequencies (high

frequency 50 Hz,

pulse train), until

paraesthesia to

painful areas.

High frequency,  Three electrodes:

166 kHz, 1.2 ms,  two post

20%; low mastoid, one

frequency,83 Hz, between

4 ms, 33%. eyebrows.

Individually Two pairs, one

titrated, fixed either side of

pulse rate of midline 5 cm

200 ms, apart; one pair

amplitude atTIL,TIO; | pair

48 mA upper sacral
vertebrae.

Individually

titrated, pulse TI0-LI derma-

width 60-80 ps,  tome, 5 cm away

repetition rate
80-100/second.  spine; one pair
posterior rami
S2-LI.

Biphasic

rectangular wave,  electrodes, 4 x

frequency range 12 em;T10-LI
2-200 Hz bursts/  and $2-4 spinal
second. Amplitude level.
individually

titrated by

patients.

Individually Two pairs: both

titrated and
decreased until
comfortable,
pulse 0-40 mA,
frequency 100 Hz,
pulse duration
0.25 ms, frequency
50-150 Hz.

pairs TI0-LI.

from either side of

Two pairs silicone

Control
group(s)

Individually titrated
conventional
obstetric analgesia
(nitrous oxide,
epidural, pethidine,
diazepam, pudendal
block, paracervical
block).

Sham cranio TENS;
(no current).

Entonox.

Two pairs: one pair Sham TENS

(no current).

Sham TENS
(no current);
control (no
TENS device).

Sham TENS
(no current)

Blinding

Open, no attempt
to blind. TENS
given by one of
authors over painful
areas (low back or
supra-pubic) ran-

Quality
score

2

domly; if first method

not effective or
caused discomfort
then other site used

after 15-30 minutes.

Described as
double-blind, light
hidden on both
machines, indepen-
dent person set up
machine. Patient and
observer blind.

Open; no attempt
to blind treatments.

Described as
double-blind. TENS
machine with red
light, no current.
Neither patient or
attending midwife
aware which treat-

2

2

ments were allocated,

third party changed
numbers in attempt
to maintain blinding.

Neither patients
nor obstetric staff
knew which devices
were active or
inactive.

Red light, not blind 2

to observer as
patients given
different
instructions.

continued
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TABLE 59 contd Randomised studies of TENS in labour pain

Study Early Study design  Pre- Intra-study TENS TENS Electrode Control Blinding Quality
criteria and duration  study instructions machine  setting details group(s) score
of treatment  instructions
periods
Steptoe & ~ Normal vaginal ~ Parallel group: |.  Identical short ~ Same to both Elpha 500 Individually Two pairs carbon  Sham TENS + Red light, same 2
Bo, 1984"°  delivery, primi-  TENS (13);2. verbal and groups to titrate titrated over rubber:TI0-T12, standard obstetric instruction to both
gravida,>3em  shamTENS (12).  written up to level of 30 minutes, §2-S3. analgesia. groups.
dilation. Stimulation for  information to  comfort or 0-60 mA, pulse
30 minutes. both groups.  adequate PR width 0.2 ms,
during first frequency |4 Hz,
30 minutes. 100 Hz.
Thomas, Early labourin  Parallel group: . No ante-partum Both groups 3M, dual Individually 2 pairs electrodes: Sham TENS Good attempt to 4
etal, 1988 primigravidaand  TENS (132);2.  instruction advised to increase channel titrated. one pair para-  (no current). blind study, both
multigravida, sham TENS (148). given on TENS. TENS settings as vertebrally on active and sham
normal or induced TENS applied Standard needed during either side of machines had
delivery,<7cm  when discomfort protocol given  contractions; spinous process, flashing light, TENS
cervical dilation.  reported. to both groups  patients free to TI0-LI, one pair, applied by staff not
by instructor  use other analgesia S24. associated with
who only if required. TENS trial, labour
advised on turned off for two managed by non-
TENS use. contractions each study staff in
hour and differ- normal way.
ences in pain Instructions not
assessed. given by assessor.
van der First stage of Parallel group: I Use of TENS ~ Low-frequency ~ Agar GK Individually 2 pairs electrodes, Sham TENS; No description of 2
Ploeg,etal, labour,primiparae  TENS (46);2. explinedto  TENSused until  (Klinerva titrated. 50 x 100 mm. (identical placebo  sham TENS other
196" multiparae, when  Sham TENS (48).  expectant contractions when Holland) | cm lateral spine, device). than identical
analgesia TENS used until ~ parents by high-frequency LI-L3 and L4-S1. device.
requested. cervix fully dilated. attending TENS used
physician. (range 1-6).
Patients super-  Titrated by partner
vised until com- (mostly). PCA
petentinthe  pethidine and
use of TENS.  promethazine
escape analgesia.
Wattrisse,  Primigravida, Parallel group: I Not described. Not described. ~ Anesthelec  High frequency, 3 electrodes:2  Epidural 0.25% None. 2
etal, 1993 gestationofat  epidural (60);2. MPO2 166 kHz, 1 ms,  posterior mastoid, bupivacaine as
least 38 weeks,  epidural + TENS 20%; low | between required, first bolus
<3cmcervical  (60).TENS applied frequency,83 Hz, eyebrows. with fentanyl 100 pg.
dilation, expected  with epidural to 4 ms, 33%.

normal delivery  end of labour.

with extradural
analgesia.

in which TENS was seen to reduce additional
analgesic interventions'"" had only 20 and

25 patients in the comparisons compared with
527 patients in the comparisons in the other three
trials (Figure 47). In only one study of moderate
size® had a secondary outcome been judged by us
to be positive for cranial TENS. This emphasises
how individual small studies may mislead because
of the random play of chance.

The choice of outcome measure is an important
determinant of how studies are to be judged. If
the objective of TENS is to alleviate pain, then it
is fair that judgements of its effectiveness are
based on prospective subjective measures of pain
intensity or relief (primary outcomes), and that
these assessments are done at appropriate time
points. Retrospective measures of pain are
notoriously unreliable. Subsequent need for other
analgesic interventions is a secondary outcome

measure but one commonly used in these studies.
The implications of these results for current
practice is that women who are offered TENS

are at risk of having their pain inadequately
controlled and may experience delays in
receiving effective interventions.

This review was restricted to RCTs, unlike that by
Reeve and colleagues.? RCTs represent the gold
standard in clinical trials of efficacy." For nearly
20 years, non-randomised studies have been known
to yield larger estimates of treatment effects than
studies using random allocation.?” The size of the
overestimation of treatment effect when random-
isation is inappropriate can be as much as 40%. In
postoperative pain, non-randomised trials of TENS
were more likely to show a positive result than
randomised trials, with 15 from 17 randomised
trials being negative and 17 from 19 non-
randomised trials positive.
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TABLE 60 Results of randomised studies of TENS in labour pain

Study

Bunsden, et al,
1982°

Champagne,
etal, 1984"

Chia, et al, 1990'

Harrison, et dl,
1986'2

Lee, et al, 1990

Nesheim, 1981

Steptoe & Bo,
1984"

Thomas, et al,,
1988'¢

van der Ploeg,
etal, 1996

Wattrisse, et al.,
1993

Pain outcomes (primary outcomes

in bold; secondary outcomes
in italics)

|.5-point PI (hourly)

2.Use of any other pain-relieving
interventions

3. Duration of labour

4. Questionnaire on day after delivery;

abdominal and back pain assessed
independently.

|. Additional pain relieving interventions.

|.3-point Pl pre-escape analgesia
2.3-point PR
3.Time to next analgesic.

Research midwife assessments:
|.5-point PI (hourly)

2. Baseline pain threshold (Mosanto gun)

3.4-point PR
4.Site of pain.

Every 30 minutes:

. VAS PI 0-10 every 30 minutes
2.Strength of uterine contractions
(weak, moderate, strong).

Retrospective questionnaire at 24 hours

postpartum (I. did patient find TENS
helpful or not? (0-3); 2. future use?).

|. Overall 5-point PR after childbirth
2. Escape analgesia.

|. VAS PI 0-10 at baseline and
30 minutes after TENS

2. Other analgesic interventions
3.Time of contractions.

|.VAS PI (hourly) for abdominal and
back pain

2.Use of other analgesic interventions
3. Postpartum overall assessment by patient.

|. VAS PI (bad = no; good = yes)

2. Other analgesic interventions

3. Patient’s impression of medication
during labour

4.Would patient choose TENS in future

deliveries?

5. Patient’s impression of effect of TENS

on pain.

| VAS for global pain quality (patient)
during labour at 2 hours post delivery
2. Duration of analgesia after first
epidural bolus

3.Time between epidural boli.

Results for pain outcomes

Back pain severe:< 5 cm dilated,
TENS 3/15, control 5/9;> 5 cm
dilated, TENS 1/7, control 5/6.
Suprapubic pain severe:< 5 cm
dilated, TENS 10/15, control 7/9;

> 5 cm dilated, TENS 7/8, control 5/6.
Stage 2: pudendal block 13/15 TENS,
719 control analgesic.

5/10 required additional analgesic
intervention active stimulation, 10/10
control group.

NSD. No relief 11% TENS, 50%
Entonox, but contractions significantly
higher in Entonox group. Additional
analgesia not described.

NSD between TENS and sham TENS
for pain or for those requiring extra

analgesia (12% TENS, 14% sham TENS).

Pain score > 50% at | hour:TENS
63/64, sham TENS 55/59. Additional
analgesia needed: 57/76 TENS,
5874 controls.

NSD between TENS and sham TENS.
Use of additional analgesic
interventions (excluding epidurals):
40/62 TENS, 22/35 sham TENS, 28/37
control. NSD between three
treatments for 30-minute pain scores.

NSD between TENS and sham TENS.

Pain free: /35 TENS, 0/35 sham TENS.

Good relief: 4/35 TENS 5/35 sham
TENS. 63 analgesic interventions in
TENS, 49 in controls.

No difference in pain measurements.
Additional analgesia: 5/12 TENS,
13/13 control group.

NSD between TENS and sham TENS
at <7 cm dilated, 7-10 cm dilated, or
during stage 2. No difference in use
of other methods of PR

(Entonox, pethidine or epidural).
Postpartum assessment of excellent/
good relief by 29/132 active group.

NSD between TENS and sham TENS.
Mean number of requests for other
analgesia: 18.2 TENS, 26.2 sham TENS.
Number of times analgesia
administered: 5.9 + 2.32 TENS,

6.5 £ 1.77 sham TENS. Amount of
pethidine administered (mg):

60.8 + 216 TENS.

Quality of analgesia during dilatation
and at delivery not different between
active and control groups. Duration

of first epidural local anaesthetic bolus fell off, | had other treatment.

increased in TENS group by mean of
22 minutes (p < 0.01).Time between
boli significantly prolonged in TENS.

Withdrawals and
drop-outs

| in each group excluded due
to subsequent Caesarean
section. | in each group
received epidural because of
special problems which were
not described.

None reported.

| woman in Entonox group
delivered without further
analgesia, and was excluded.

Not described.

Not described.

Not described.

1/13 excluded in TENS group
due to failed battery in
device; I/13 in control group
had Caesarean section but
included in analysis.

52/148 control group
requested to withdraw
compared with 54/132 in
TENS group. Only 96 patients
could continue with VAS
beyond 7 cm and 6 into
second stage of labour.

2 refused to take part and
received standard analgesia.
No other details given.

7 withdrawals, | Caesarean
section, 2 technical problem
with epidural, 2 electrodes

NB: not all described.

Adverse effects

No specific effect
of TENS on foetal
heart rate.

Not described.

Not described.

Not described.

None reported.

Not described.

0/12TENS; 0/13
sham TENS.

Not described.

None reported.

Not described.

Significant difference
for at least one
primarylsecondary
outcome

No/no

N/A lyes

No/no

No/no

No/no

N/A Ino

Nolyes

No/no

No/no

NIA lyes

Overall
judgement

Negative

Positive
secondary

Negative

Negative

Negative

Negative

Positive
secondary

Negative

Negative

Positive
secondary
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Patients having additional analgesics
with active TENS (%)
100
280
150
75
97
50 - 20,
25
25
0 T T T 1
0 25 50 75 100
Patients having additional analgesics
with sham TENS (%)

Champagne, et al,, |
1984 (10)"
Steptoe & Bo,
1984 (13)'s ]| ©
Harrison, et al,, _| FH
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Lee,etal, |
1990 (97)"3 A
Combined FOff
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FIGURE 47 Additional analgesic requirements (numbers of
patients in each trial is given next to the circle, whose diameter
is proportional to the number)

The overall methodological quality of the trials
reported was low, reflecting the fact that it is diffi-
cult, if not impossible, to blind studies of TENS.!
Inadequate blinding may be an important source of
observer bias and may contribute to overestimation
of treatment effects. Four of the studies considered
here made no attempt at blinding and, of the seven
that used sham TENS, only one'® described the
method of blinding in sufficient detail to indicate
that blinding may have been adequate.

The 1994 Maternity Service Charter® tells

women that “...you have the right to be given an
explanation of any treatment proposed, including
the benefits and risks and of any alternatives before
you decide whether you will agree with the treat-
ment”. Those involved in the provision of maternity
services therefore need to be aware of current
research findings concerning effective inter-
ventions for the relief of pain, so they can apply
these findings in their clinical practice and provide
women with accurate information so they can be
involved in decisions concerning their care.

On the basis of these findings the continued use

of TENS in childbirth needs to be carefully recon-
sidered. The continued use of TENS in labour pain
has considerable implications both for maternity
services and the women who use TENS, in terms of
receiving prompt and effective pain relief during
childbirth. Instead of TENS, women should be
given the option of more effective interventions.

FIGURE 48 Relative risk for additional analgesic intervention
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Chapter 21

Efficacy and harm of anti-emetic interventions
in the surgical setting

he project described in this chapter had

the aim of establishing a league table of the
relative prophylactic efficacy and the likelihood of
harm from anti-emetic interventions which are
currently used to treat or prevent PONV.

Data source

Systematic reviews of the literature, using data
extraction from relevant reports, critical appraisal
of data and meta-analytical combination of data with
biostatistical methods, were chosen as the main
instrument for this study. Thus the ‘essence’ of this
work comes from ten different systematic reviews, of
which eight were designed to investigate the efficacy
and potential for harm of anti-emetic interventions.
At least 860 reports were screened, from which

215 RCTs with data from 31,801 patients were
analysed. The two remaining systematic reviews were
designed to investigate harm from interventions.
For this purpose, after screening about 1200 reports,
300 reports of different study architectures with
data from 1,432,817 patients were analysed.

Efficacy of anti-emetic
interventions

A model was proposed to compare anti-emetic
interventions indirectly, that is, without the need
for direct comparisons,' which is formally equi-
valent to that used to generate the league table for
analgesic interventions. There is one difference,
however. When placebo responses for analgesics
vary, they tend to vary around a population placebo
event rate of about 19%, that is, about 19% of
patients with moderate or severe acute pain given
a placebo will experience at least 50% pain relief.
For PONV, the spread is much greater, with per-
centages of patients vomiting without prophylactic
interventions in studies ranging from close to zero
to over 80%, and there seems to be no central
figure or population response. This is the case
even when operation, anaesthetic and patient
population are highly standardised, as in the case
of paediatric strabismus surgery. Clearly PONV is
different from postoperative pain in this respect.

There is a validity issue which has been addressed
by limiting the range of included trials to those
which duplicate usual clinical experience. Two
narrow bands of CER were therefore defined:
20-60% CER for early outcomes (0-6 hours after
surgery) and 40-80% CER for late outcomes (048
hours). Only trials with CERs within these bands
were analysed. Validity criteria defined lower and
upper boundaries. Trials with very low CERs do not
allow a valid assay of anti-emetic efficacy; PONV
cannot be prevented if nobody is going to vomit
without prophylaxis. Trials with very high CERs do
not represent daily clinical practice but enable even
marginally active interventions to show statistically
significant efficacy. Trials with very low or very high
CERs were, therefore, regarded as invalid. The
arbitrary limits of the CER banding were applied
to all analysed interventions.

The league table of anti-emetic efficacy
Five prophylactic interventions were analysed
within the CER banding, each with data from
systematically searched RCTs: propofol induction
(reworking of data from Trameér and colleagues?),
propofol maintenance,' omitting nitrous oxide,” a
total intravenous anaesthetic with propofol,' and
ondansetron.* Propofol was compared with non-
propofol anaesthetics, which were regarded as ‘no
treatment’ controls. Omitting nitrous oxide was
compared with using it (‘no treatment’ control).
In ondansetron trials, comparators were placebos
or no treatment. Results are presented in

Figures 49-52.

Interpreting the league table of efficacy

Four criteria need to be taken into account.

Endpoint

The endpoint is prevention of nausea or vomiting,
within 6 hours of surgery (early efficacy) or within
48 hours of surgery (late efficacy). Thus for each
intervention, anti-nausea and anti-vomiting efficacy
can be interpreted separately, as well as short-term
and long-term efficacy.

Short-term efficacy has an economic impact mainly
in day-case surgery where patients are meant to be
discharged within hours of the procedure; they
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Ondansetron, 8 mg i.v. b =
Omitting nitrous oxide
Total i.v. anaesthetic ' -
Propofol induction *
Propofol maintenance '—.—'
Ondansetron, 4 mg i.v. '—.——"'
| 2 3 5 10 20 30
Log number NNT (95% ClI)

FIGURE 49 Prevention of early nausea (0—6 hours): CER 20-60%

Propofol induction
Ondansetron, | mg i.v.
Ondansetron, 8 mg i.v.
Ondansetron, 4 mg i.v.
Propofol maintenance

Omitting nitrous oxide :

Total i.v.anaesthetic :

I 2 3

4 5 10 20 30
Log number NNT (95% ClI)

FIGURE 50 Prevention of early vomiting (0—6 hours): CER 20-60%

have to be free of PONV in order to fulfil
discharge criteria. Long-term efficacy is a better
indicator of the drug’s anti-emetic efficacy and
patients’ comfort. It indicates if the patient

will remain PONV-free at home (or on the
journey home).

NNT point estimate

Worthwhile anti-emetic efficacy in the surgical
setting was arbitrarily defined as an NNT to prevent
nausea or vomiting compared with placebo (or

no treatment) of < 5.2 This means that at least

20% of treated patients will profit from the
prophylaxis. The lower boundary of the CER
banding for early outcomes was set at 20%.! Thus,
interventions which had no scope to show an NNT
of at least b for efficacy were not considered in

the model.

Confidence interval

The upper boundary of the CI for the NNT
places the treatment in the least favourable light.
If this upper limit lies within what would be
considered to be the minimal clinically relevant
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Total i.v.anaesthetic | No data

Omitting nitrous oxide No effect (NNT 00)
Propofol induction No effect (N:NT 35)
Ondansetron, | mg i.v.

Ondansetron, 4 mg i.v.

Ondansetron, 8 mg i.v.

Propofol maintenance

| 2 3

4

Log number NNT (95% ClI)

5 10 20 30

FIGURE 51 Prevention of early nausea (0—6 hours): CER 20-60%

Ondansetron, | mg i.v.

Propofol induction
Propofol maintenance
Ondansetron, 4 mg i.v.

Omitting nitrous oxide

Total i.v.anaesthetic :

Ondansetron, 8 mg i.v. :

I 2 3

4

Log number NNT (95% ClI)

5 10 20 30

FIGURE 52 Prevention of early vomiting (0—6 hours): CER 20-60%

effect (for instance, an NNT of 5 to prevent
PONV) 2 the result indicates a definitely useful
treatment. Lack of overlap between Cls can be
used as a simple test of the statistical difference
between NNT5 of two interventions.

Size (area) of the symbol

Areas of symbols were plotted that were
proportional to the number of analysed patients.
The larger the number of analysed patients (that is,
the larger the symbol), the greater the confidence
in the point estimate.

Results

The best anti-emetic prophylaxis has the
lowest NNT (but not above 5), the largest
symbol, the narrowest CI (the upper limit
below 5), and the most consistent efficacy (that
is, anti- both nausea and vomiting, and both
short- and long-term). No anti-emetic intervention
which has been tested meets all these criteria.
Intravenous ondansetron, 8 mg, comes closest.
Propofol maintenance looks promising but the
long-term effect is based on a limited number
of patients only; the symbol is small and the
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CI large. Omitting nitrous oxide looks promising
too but only for anti-vomiting efficacy.

An intervention which indicates good efficacy
(i.e. NNT < 5) but which is based on a limited
number of patients and, therefore, with a small
symbol and/or a wide CI, may lead to a research
agenda. The question then is: ‘Are further trials
needed?’ and, if the answer is affirmative, ‘What
trials are needed?’

Potential for harm of anti-emetic
interventions

Interpretation of any intervention’s clinical
usefulness must take into account both efficacy and
harm. An objective measurement of severity does
not exist; acceptability and interpretation of harm
are likely to be multifactorial. Unlike the efficacy
league table, the league table on intervention-
related harm is not based on truncated data sets.
All comparisons are between the active inter-
ventions and placebo or no treatment or in, the
case of propofol, between active (propofol) and
another, propofol-free anaesthetic (control).

The league table of harm

The league table of harm presented in Figure 53
is based on analyses of four systematic reviews:
droperidol,” omitting nitrous oxide,® propofol,®
and ondansetron.*

Interpreting the league table of harm
Endpoint

A specific endpoint and its risk have to be
interpreted in their proper context. For instance,
elevated liver enzymes with ondansetron might be
perceived as trivial. The biological basis for this
adverse drug reaction, however, is not known.
There may be an argument for not giving
ondansetron to patients with pre-existing abnormal
liver function tests or underlying liver disease. It is
unknown if ondansetron should be avoided when
other potentially hepatotoxic drugs, such as
halothane or paracetamol, are to be used.

NNH point estimate

The NNH indicates in how many patients the
adverse drug reaction will occur which would
not have happened had the patient not received
the drug. Interpretation of this result has to take
into account other factors, such as severity of the
reaction, severity of the underlying disease, and
availability of alternative treatments and their
potential for harm.

Statistical significance

In contrast to the league table of anti-emetic
efficacy, symbol sizes are not plotted proportional
to the quantity of analysed data (i.e. the symbol
area is fixed) and no CIs are shown. The reason is
that some NNHs are based on a limited number of
patients who had the adverse drug reaction. Yet
these NNHs may be clinically relevant. Plotting

Propofol: asystole during surgery _ 6601
Droperidol, 75 pg/kg: extrapyramidal reactions in children I23|:| |
Omitting nitrous oxide: intraoperative awareness 4l |
Ondansetron: headache 36l
Ondansetron: elevated liver enzymes 3/
Ondansetron: constipation 23]
Propofol: bradycardia at induction/during surgery 11.3 .
Droperidol, 75 pg/kg, in children: drowsiness, restlessness 530
Propofol: oculo-cardiac reflex in children (with prophylactic anticholingerics) 41 § :
I 10 100 1000
Log NNH

FIGURE 53 Harm with anti-emetic interventions. All data are from RCTs. Significance = statistical significance, assumed when p < 0.05
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symbol size in relation to the quantity of analysed
data would detract from such potentially important
results and tend to overinterpret more trivial (but
better documented) reactions.

A graphical distinction was made between
significant and non-significant findings. Statistical
significance was arbitrarily set at a value of p < 0.05.
This value may be unnecessarily conservative and
narrower Cls could be chosen. Black symbols
represent adverse drug reactions which happened
statistically significantly (p < 0.05) more often with
the intervention. Accordingly, white symbols indi-
cate absence of statistical significance (p> 0.05).

Conclusions

Each intervention introduces a certain risk

of adverse drug reactions. The league table of
intervention-related harm is an important contri-
butor to a rational risk-benefit assessment. It will
help both physicians and patients to take decisions
about the use (prophylactically or therapeutically)
of anti-emetic interventions.

Prophylaxis versus treatment

One of the main conclusions of the first systematic
review of efficacy and harm of anti-emetic inter-
ventions in the surgical setting® was that it would
perhaps be better to wait and see which patient
vomits and then treat. This conclusion was based
on the somewhat unexpected result that even in
paediatric strabismus surgery, a clinical setting with
a high risk for PONV, only 25% of the children
actually profited from the best prophylaxis. The
subsequently calculated NNTs of all the other
prophylactic interventions (propofol induction and
maintenance, omitting nitrous oxide, ondansetron)
did not prove to be more efficacious.

The justification of prophylactic postoperative
antiemetics was queried 35 years ago by Adriani
and colleagues.” They noted that no more than
25% of patients in the recovery room vomited in
the immediate postanaesthesia period, that most
of this vomiting was short-lived and subsided spon-
taneously without the use of antiemetics. Similar
average PONV incidence has subsequently been
reported repeatedly in large RCTS, in case series
and in systematic reviews of RCTs, although it

may be higher in specific clinical settings, such

as paediatric strabismus surgery. If the incidence
without prophylaxis is only 25% and treatment

is effective, then arguably prophylaxis may be
unnecessary on grounds of adverse effects and cost.
The humanitarian argument is that it is unaccept-

able to wait and see if a patient is going to vomit or
become nauseated before starting treatment. Also
there is a widespread belief that it may be more
difficult to treat established PONV than to prevent
it,? although there is no substantial evidence to
support this view. Using a decision-analysis treat-
ment model, it has been suggested that prophy-
lactic anti-emetic therapy was more cost-effective
compared with treatment of established symptoms
for operations associated with a high incidence

of emesis.”?

The pivotal evidence to resolve the debate was the
relative effectiveness of treatment and prophylaxis
of PONV. This comparison was possible with
ondansetron. The finding of a dose-response
relationship with ondansetron in prevention of
PONV* contrasted with the analysis of the efficacy
of ondansetron in the treatment of established
PONV." For this, no dose response between 1 mg
and 8 mg could be established; the NNT to prevent
further PONV in a nauseated or vomiting patient
with the lowest dose tested, 1 mg, compared with
placebo was between 4 and 5, and higher doses
were no more effective. Thus, 1 mg is as efficacious
for treatment of established PONV as an eight-fold
higher dose (i.e. 8 mg) is for the prevention of
PONV.* This challenges the usefulness of pro-
phylactic ondansetron when risk-benefit and
cost-benefit arguments are considered.

Two scenarios

Two scenarios may be described that illustrate the
relationship between prophylaxis and treatment
based on these numbers. For simplicity, several
assumptions have to be made:

(i) one ondansetron, 2 mg, ampoule is set at £6.75
and a 4 mg ampoule at £13.50"

(ii) one ondansetron, 2 mg, ampoule (the smallest
commercially available) per patient will be
used to treat established PONV; two 4 mg
ampoules per patient will be used for
prophylaxis

(iii) ondansetron’s prophylactic anti-emetic
efficacy is independent of CER, although
its prophylactic efficacy is likely to be lower
(i.e. higher NNT) with low CERs

(iv) the success rate with ondansetron in patients
with established PONV is 40%,'° which means
that 40% of all vomiting or nauseated patients
receiving ondansetron will not vomit or be
nauseated further

(v) NNTs for the optimal ondansetron doses are
set at b for both prevention and treatment
(instead of 5-6 for prevention and 4-5
for treatment)
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(vi) NNH is set at 30 for both prevention and
treatment, and there is no dose response
(i.e. the risk of an adverse drug reaction is
similar for both 2 mg and 8 mg); the adverse
drug reaction could be a headache or
elevated liver enzymes.

Any calculation based on these assumptions will
yield an overoptimistic result for prevention and
a conservative result for treatment of PONV
with ondansetron.

In the first scenario, for 1000 ‘high risk’ patients
undergoing surgery the CER is 60% (see Box 3).

In this situation, prophylaxis costs (1000 x (2 x
£13.50)) are £27,000, whereas treatment costs

(600 x £6.75) are £4050. The benefit is £22,950, or
£22.95 per patient. In the prophylaxis group, 400
patients are failures (i.e. they are nauseated or they
vomit despite prophylaxis) compared with 360 in the
treatment group (i.e. they continue to be nauseated
or to vomit because the treatment failed). Almost
twice as many patients receiving the drug prophylac-
tically will have an adverse drug reaction.

In the second scenario, a ‘low risk’ situation,
1000 patients undergo surgery and the CER is
30% (see Box 3).

Cost is maintained at £27,000 in the prophylaxis
group but decreases to £2025 (300 x £6.75) in the
treatment group, a benefit of £24,925, or almost
£25 per patient. In the prophylaxis group, 100
patients are failures, compared with 180 in the
treatment group who continue to be nauseated or
to vomit. More than three times as many patients
in the prophylaxis group have an adverse drug
reaction compared with patients who are treated
for established PONV.

These risk—-benefit-cost calculations are the strongest
argument against prophylactic use, and in favour of
therapeutic use of anti-emetic interventions in the
surgical setting. The main arguments are that costs
with treatment are dramatically lower and about half
as many patients will have an adverse drug reaction.
The number of failures is comparable in the high-risk
scenario but in favour of prophylaxis in the low-risk
scenario. The efficacy of ondansetron or other anti-
emetics in patients who already have received ondan-
setron and in whom the prophylaxis or treatment
failed is unknown. The ‘price’ patients in the treat-
ment group have to pay, is that they need to vomit or
feel nauseated before they receive treatment.

The cost-effectiveness arguments for prophylaxis
versus treatment are investigated more fully in the
next chapter.

BOX 3 Risk-benefit—cost analysis of anti-emetic prophylaxis versus treatment in a clinical setting
with high and low CERs

High CER

Prevention in 1000 patients:
ondansetron, 8 mg i.v. (NNT % 5)

400 no PONV anyway +
200 successful preventions

400 failures

Adverse drug reaction in 33
(NNH 30)

Low CER

Prevention in 1000 patients:
ondansetron, 8 mg i.v. (NNT % 5)

700 no PONV anyway + 200 successful preventions
100 failures

Adverse drug reaction in 33
(NNH 30)

1000 x 8000 mg x 13

1000 x 8 mg = 8000 mg x 27

1000 patients undergoing surgery: CER = 60%
Treatment of 600 patients with one episode of PONV:

ondansetron, 1 mgi.v. (NNT % 5)
600 x 1 mg = 600 mg

400 no PONV anyway +
240 successful treatments

360 failures

Adverse drug reaction in 20
(NNH 30)

1000 patients undergoing surgery: CER = 30%
Treatment of 300 patients with one episode of PONV:

ondansetron, 1 mgi.v. (NNT % 5)
300 x 1 mg = 300 mg
700 no PONV anyway + 120 successful treatments
180 failures

Adverse drug reaction in 10
(NNH 30)
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Research agenda

Further systematic reviews on the efficacy and harm
of the other anti-emetic drugs which are currently
used in anaesthesia and surgery are needed. Drugs
of interest include droperidol, metoclopramide
and hyoscine (scopoderm). New 5-HT; receptor
antagonists are increasingly used (granisetron,
tropisetron, dolasetron). Dose-response relation-
ships, optimal doses and adverse effect profiles of
these drugs have to be established. Opioid-induced
nausea and vomiting, for instance, related to

PCA or spinal opioid administration, remains a
particular problem. The proposed banding model
may be used for indirect comparisons of relative
anti-emetic efficacy. The risk-benefit—cost model
could be used for further process analysis as new
data on prevention and treatment with other drugs
becomes available. Systematic reviews are likely to
inform our future clinical management. However,
such projects are time-consuming, expensive, and
dependent on efficacious team-work. Interest
groups will need to be formed.
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Chapter 22

Cost-effectiveness of ondansetron: prophylaxis
compared with treatment in PONV

Summary

PONV is a frequent complication of anaesthesia
and surgery. There is no general agreement as

to whether prophylaxis of PONV is better than
treatment of established PONV. This lack of
agreement may be due to the great variation in
the proportion of patients who experience PONV.
Given this equipoise, choice of prophylaxis or
treatment could be determined by substantial
cost-effectiveness difference between the

two approaches.

Cost-effectiveness was calculated for ondansetron
as prophylaxis or as treatment of PONV using
information from systematic reviews and published
meta-analyses. Modelling, which was based on

a cohort of 1000 patients, examined CERs
(vomiting in the absence of prophylaxis) between
10% and 90%, and different doses. Anti-emetic
efficacy was assumed to be constant across CERs.
In a sensitivity analysis, cost-effectiveness of recom-
mended doses (4 mg for both treatment and
prophylaxis) was compared with cost-effectiveness
of the most effective doses as demonstrated by
meta-analysis (1 mg for treatment and 8 mg

for prophylaxis).

For all CERs fewer patients will suffer any PONV
symptom (nausea and or vomiting/retching) at
any time after surgery with prophylaxis compared
with treatment. However, with both effective
treatment doses, 1 mg and 4 mg, fewer milligrams
are required for each patient who suffers at most
one episode of PONV, compared with 4 mg or

8 mg for prophylaxis. For the endpoint of
maintaining a patient PONV-free throughout,
treatment with 1 mg was still the most cost-
effective, followed by treatment with 4 mg

but only at a CER below 80%.

Fewer patients will experience any PONV
symptoms with prophylaxis compared with
treatment. But prophylaxis was not much more
effective than treatment, and treatment of
established PONV with effective doses (i.e. 1 mg
or 4 mg) is more cost-effective than prophylaxis
with effective doses (i.e. 4 mg or 8 mg). This is

because of the high success rate with the lowest
dose tested (1 mg) in established PONV and
the disappointing anti-nausea effect of prophy-
lactic ondansetron even at an eight-fold

higher dose.

Introduction

The aim was to assess the relative cost-effectiveness
of strategies for treating PONV with ondansetron.
The intention was to establish cost-effectiveness
relationships based on the strongest evidence
currently available. Data from two quantitative
systematic reviews of published valid RCTs of
ondansetron in the surgical setting were used.'?

Methods

Decision tree, endpoints, and estimates
of efficacy

The two strategies to deal with PONYV, treatment
versus prophylaxis, were displayed graphically as a
decision tree (Figure 54).

Treatment arm

Some patients will have no PONV symptoms at any
time (T1) (see Figure 54). Success with treatment
(T2) was defined as a nauseated or vomiting
patient who had no further episode of nausea or
vomiting after one dose of ondansetron. These
patients vomited or felt nauseated once before
they received ondansetron. A treatment failure
(T3) was a vomiting or nauseated patient who
continued to vomit or to feel nauseated despite
treatment with ondansetron.

Anti-emetic efficacy of 1 mg of ondansetron for
treatment of established PONV was shown not

to be different from 4 mg or 8 mg.! However, the
optimal dose recommended by the manufacturer
was 4 mg. For the purpose of this study, therefore,
both 1 mg and 4 mg doses were chosen for
sensitivity cost-effectiveness analyses of treatment.
Success rate was set (Table 61) at 40% for the

1 mg dose and at 45% for the 4 mg dose." This
meant that 40% and 45% of nauseated or
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No PONV symptoms at any time

No PONV Tl

Successful treatment
T2

PONV
T}

Failure of treatment

PONV 3
strategy

No PONV symptoms anyway

Pl

Successful prophylaxis

E P2

Failure ——— | PONV

P3

FIGURE 54 Strategies for dealing with PONV (T, treatment; P, prophylaxis)

TABLE 61 Ondansetron: total estimates of efficacy and harm

Definition Value Reference

Success rate with | mg treatment 40% Tramer, et al,, 1997'
Success rate with 4 mg treatment 45% Trameér, et al,, 1997'
Success rate with 8 mg treatment 44% Trameér, et al, 1997'
NNT of | mg to prevent nausea 21 Tramer, et al, 1997?
NNT of | mg to prevent vomiting 15 Tramér, et al, 1997?
NNT of 4 mg to prevent nausea 16 Tramér, et al, 1997?
NNT of 4 mg to prevent vomiting 6.4 Tramér, et al, 1997?
NNT of 8 mg to prevent nausea 6.4 Tramer, et al, 1997?
NNT of 8 mg to prevent vomiting 5 Tramér, et al, 1997*
NNH for headache with any dose 36 Tramér, et al, 1997?
NNH for elevated liver enzymes with any dose 31 Tramér, et al, 1997?

Success rate = percentage of vomiting or nauseated patients who are treated with the respective dose of ondansetron and who do not
continue vomiting or being nauseated.

Success rate with placebo in these trials was 20%.

vomiting patients will not experience any Prophylaxis arm

further PONV symptoms (nausea or retching or Some patients who receive prophylactic anti-
vomiting) after administration of ondansetron, emetics would not have vomited anyway (P1) (see

1 mg and 4 mg, respectively. It was assumed that Figure 54). Success with PONV prophylaxis (P2) was
the success rate with either dose was independent represented by a patient who never experienced

of both clinical setting and patient. The placebo any PONV symptoms because he or she had
response of about 20% found in the original received prophylactic ondansetron (Figure 54). A
systematic review' was not taken into account in failure in the prophylaxis arm was represented by a

216 the analysis. patient who received prophylactic ondansetron but



Health Technology Assessment 1998; Vol. 2: No. 12

nevertheless vomited or felt nauseated after surgery
(P3). For prophylaxis, the appropriate estimate of
efficacy was the NNT. This indicated how many
patients would have to be treated prophylactically
with ondansetron in order to prevent PONV in one
patient who would have vomited or been nauseated
had placebo been given. Thus the placebo response
was taken into account.

The optimal prophylactic dose as recommended by
the manufacturer is 4 mg. Meta-analysis, however,
showed that 8 mg was the most effective prophy-
lactic dose.? Sensitivity analyses to compare cost-
effectiveness were therefore undertaken with both
the 4 mg and 8 mg doses. The effect of ondan-
setron on vomiting was consistently more pro-
nounced than its effect on nausea.? However, as
prophylaxis of nausea may be regarded as being
as important as prophylaxis of vomiting, the NNT
for prevention of nausea was chosen as the appro-
priate estimate of efficacy for prophylactic doses
(Table 53): 16 for a 4 mg dose and 6.4 for 8 mg.? It
was assumed that ondansetron’s prophylactic anti-
emetic efficacy was independent of the CER.

Estimate of harm

The NNH was regarded as the appropriate
estimate of the likelihood for drug-related adverse
effects (Table 53). The NNH was assumed to be
30 for both prophylaxis and treatment with
ondansetron.” The assumption was made that
there was no dose— response (i.e. the additional
risk for an adverse drug reaction was similar for
1 mg treatment and 8 mg prophylaxis). The
adverse drug reaction could be a headache or
elevated liver enzymes.

Modelling

The total cost of arriving at each of the endpoints
(P1-P3; T1-T3) (Figure 54) was calculated for both
strategies, treatment and prophylaxis, based on a
cohort of 1000 patients. This was calculated for
increasing CERs, from 10% to 90%, and different
doses of ondansetron (1 mg and 4 mg for treatment,
4 mg and 8 mg for prophylaxis). Cost-effectiveness
ratios were calculated and displayed graphically.

Relevant ratios were:

(i) cost per patient

(ii) cost per patient who experienced no more
than one episode of PONV

(iii) cost per patient who never suffered any
PONYV symptoms.

Such ratios represent the average cost-effectiveness
ratios, which are simply the costs of generating the

desired endpoint (a PONV-free patient, for instance)
divided by the number of patients involved.

Incremental cost-effectiveness ratios were calcu-
lated to indicate how much it costs to produce the
additional effects.? Starting from the least effective
strategy, the difference between the costs of pairs
of strategies was divided by the difference in

their effectiveness.

Drug acquisition costs differ widely because
hospitals have different purchasing strategies. The
main cost parameter was the number of milligrams
of ondansetron required rather than the actual
price. Thus, milligram outcomes as reported in this
paper may be multiplied by the price per milligram
to generate the actual drug costs of each strategy.
BNF costs (1997) for ondansetron were £6.75,
£13.50 and £27.00 for 2, 4 and 8 mg ampoules,
giving an approximate price of £3.40 per milligram.

For the same reason, wide differences between
and within hospitals, expenses involved in adminis-
tration of the drug, cleaning, extra staff time

and materials used, costs for rescue anti-emetic
medication, and costs for unscheduled admission
due to prolonged PONV were not considered. The
sum of these supplementary costs may be regarded
as a hospital-specific constant which may then be
added to the reported costs. Costs which may be
relevant would be staff time for administering a
treatment to a patient with PONV (say 3 minutes
per patient at £15 per hour) and materials (mainly
drugs, so say £1 on the basis that older and cheaper
drugs than those in the ondansetron class would
be used). Any major costs would derive from re-
admission or non-discharge costs assumed to

be that of an in-patient day cost (£200).

Endpoints

Two endpoints were considered to be particularly
important: the number of patients who suffered no
more than a single episode of PONV, and the num-
ber of patients who suffered no PONV symptoms.

In the treatment arm, the number of patients who
suffered no more than one PONV episode were
patients who did not vomit or feel nauseated at all
(i.e. who did not need any treatment) or, when
having symptoms, responded promptly to treat-
ment (Figure 54: T1 + T2). This more pragmatic
approach would thus accept that a patient vomits
once or feels nauseated briefly before an effective
treatment is administered. The second, stricter
endpoint (i.e. PONV-free patients) was the number
of patients in the treatment arm who needed no
treatment (T1).
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In the prophylaxis arm both endpoints were the
number of patients who never experienced any
symptoms of PONV, either because they would have
had none anyway or because prophylaxis was
successful (Figure 54: P1 + P2).

Subgroup analyses

Subgroup analyses were performed to test the
impact of different risks of PONV and of different
doses of ondansetron on cost-effectiveness. It was
assumed that the CER (i.e. what happens without
anti-emetic prophylaxis) would accurately reflect
the true underlying risk in a study population.
Hence, two arbitrarily defined clinical settings were

compared: a low-risk setting (CER, 30%) and a
high-risk setting (CER, 60%).

Results

Modelling: graphical display

Number of patients who are PONV-free

For each CER value between 10% and 90%,
prophylaxis yielded more PONV-free patients
than treatment (Figure 55A). This relationship was
linear because it was assumed that ondansetron’s
anti-emetic efficacy was independent of CER.
With a CER of 30% (low-risk setting), 700 of

A: Patients who are PONV-free

Number of patients
1000

750

500

250

CER (%)

C: Milligrams required per patient
who does not experience more than
one PONY episode

Dosage (mg)

0'|__E!'| T T T 1
0 20 40 60 8 100

CER (%)

B: Milligrams required per patient

Dosage (mg)
0 —_

84 o0—0—0—0—0—0—0—0—20

D'"D. u
o
2_ ) .-
,..-I:I"'D
o‘_EII|:|I:II|:|I:| II:| - T 1
0 20 40 60 80 100
CER (%)

D: Milligrams required per patient
who is PONV-free at any time

Dosage (mg)

o1l
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CER (%)

FIGURE 55 PONV strategy — treatment versus prophylaxis (Treatment: O, | mg; O, 4 mg. Prophylaxis: o, 4 mg; ©, 8 mg)
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1000 patients will be completely PONV-free with
treatment doses of both 1 mg and 4 mg, compared
with 763 patients (+ 9%) with 4 mg prophylaxis
and 856 patients (+ 22%) with 8 mg prophylaxis.
With a CER of 60% (high-risk setting), 400 of
1000 patients will be completely PONV-free with
treatment doses of both 1 mg and 4 mg, compared
with 463 patients (+ 16%) with 4 mg prophylaxis
and 556 patients (+ 39%) with 8 mg prophylaxis.

Cost per patient

The cost per patient, expressed as milligrams
required per patient, was stable across all CERs with
prophylaxis. With treatment, the cost per patient
was related directly to CER value (Figure 55B).
Fewer milligrams per patient were required for
each CER with 1 mg treatment than with 4 mg
treatment. The highest cost per patient was with
the most effective prophylactic dose, 8 mg.

Cost per patient who experiences at most one
episode of PONV

Costs (milligrams required per patient) increased
with increasing CERs with all strategies but were
lowest with 1 mg and 4 mg treatment, respectively
(Figure 55C). For this endpoint, treatment with
both doses remained more cost-effective than
prophylaxis for all CERs tested.

Cost per patient who is PONV-free at any time
Fewest milligrams per PONV-free patient were
required with 1 mg treatment (Figure 55D).
Treatment with 4 mg doses also demonstrated

a lower cost per PONV-free patients than both
prophylaxis doses but only below a CER of 80%.

Subgroup analyses

Treatment with 4 mg versus prophylaxis

with 4 mg

In both the low-risk (CER = 30%) and high-risk
setting (CER = 60%), 63 extra PONV-free patients
(6% of all patients) were gained with 4 mg
prophylaxis compared with 4 mg treatment

(Table 62A and B). However, in the low-risk setting,
3.3 times as many milligrams were required with
prophylaxis than with treatment to achieve this
(Table 62A). In the high-risk setting it was 1.7 times
more (Table 62B).

Treatment with | mg versus prophylaxis with 8 mg
When 1 mg for treatment and 8 mg for prophylaxis
were used, 156 extra PONV-free patients (16% of
all patients) were gained with prophylaxis com-
pared with treatment in both low- and high-risk
settings (7able 63A and B). However, for the low-risk
setting 27 times as many milligrams were required
with prophylaxis than with treatment to achieve this

(Table 63A). In the high-risk setting it was 13 times
more (Table 63B).

Incremental cost-effectiveness analysis
No more than one episode of PONV

With a low CER value (i.e. 30%), prophylaxis with
8 mg yielded the highest number of patients who
experienced no more than one episode of PONV,
while prophylaxis with 4 mg yielded the lowest
number (Table 64A). The crude calculation of the
number of milligrams of ondansetron required to
obtain one patient who experienced no more than
one episode of PONV showed that the best result
was treatment with 1 mg, at 0.4 mg/patient.

Changing from the least successful strategy,
prophylaxis with a dose of 4 mg, to treatment with
a dose of 1 mg resulted in a higher success rate
and, because many fewer milligrams were required,
resulted in a sparing effect: almost 65 mg were
saved for each additional success. Only a slight
improvement would be achieved by switching from
1 mg to 4 mg treatment; 60 mg would be required
to generate one additional patient who had no
more than one episode of PONV. Finally, another
324 mg would be required to gain one additional
patient who profited when changing the strategy
from treatment with 4 mg to prophylaxis with 8 mg.

With a high CER value (i.e. 60%), both treatment
doses yielded more patients who had no more than
one episode of PONV than both prophylaxis doses
(Table 64A). The crude calculation of milligrams of
ondansetron required to obtain one patient who
experienced no more than one episode of PONV
showed that the best result was treatment with

1 mg, at 0.9 mg/patient.

Changing from prophylaxis at 4 mg to prophylaxis
at 8 mg would result in an additional 93 patients
who would profit, but this would require 43 mg
per additional patient. Switching then to 1 mg
treatment increases the number of patients who
have no more than one episode of PONV and, at
the same time, would save 88 mg for each addi-
tional case. Another 60 mg would be required per
case when changing to 4 mg treatment; the gain
would be a further 30 patients who experienced
no more than one episode of PONV.

Patients who are PONV-free

With both low and high CERs, treatment with 1 mg
or 4 mg yielded fewer patients who were PONV-free
at any time compared with prophylaxis with 4 mg
or 8 mg (Table 64B). The crude calculation of
milligrams of ondansetron required to obtain

one patient who experienced no more than one
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TABLE 62 Treatment with ondansetron, 4 mg, versus prophylaxis with ondansetron, 4 mg

Patients Decision CER mg NNT
tree

A: CER =30%

Treatment of established PONV with ondansetron,4 mg

No PONV (no need for treatment) Tl

Successful treatment (45%) T2

Failure with treatment T3

All successes T2

All non-failures TI+T2

PONV-free Tl

All patients TI+T2+T3  30% 4

Prevention of PONV with ondansetron, 4 mg

No PONYV anyway Pl

No PONYV because of prophylaxis (NNT 16) P2

PONV despite prophylaxis P3

All successes P2

All non-failures = PONV-free Pl +P2

All patients PI+P2+P3  30% 4 16.0

Difference in mg spent (factor x)

Incremental cost-effectiveness ratio

Difference in non-failures

Difference in PONV-free

Difference in costs between treatment and prophylaxis
mg to generate an additional non-failure

mg to generate an additional PONV-free

B CER =60%

Treatment of established PONV with ondansetron, 4 mg

No PONV (no need for treatment) Tl

Successful treatment (45%) T2

Failure with treatment T3

All successes T2

All non-failures TI+T2

PONV-free Tl

All patients TI+T2+T3  60% 4

Prevention of PONV with ondansetron, 4 mg

No PONV anyway Pl

No PONYV because of prophylaxis (NNT 16) P2

PONV despite prophylaxis P3

All successes P2

All non-failures = PONV-free Pl +P2

All patients PI+P2+P3  60% 4 16.0

Difference in mg spent (factor x)

Incremental cost-effectiveness ratio

Difference in non-failures

Difference in PONV-free

Difference in costs between treatment and prophylaxis
mg to generate an additional non-failure

mg to generate an additional PONV-free

episode of PONV showed that the lowest result
was treatment with 1 mg, at 0.4 mg/patient at a
30% CER and 1.5 mg/patient at a 60% CER.

However, switching from 1 mg or 4 mg treatment
to prophylaxis with 4 mg would require 44 mg for
each additional PONV-free patient when the CER
was 30%, and 25 mg when the CER was 60%. A
further change to 8 mg prophylaxis, in order to
achieve the highest possible number of absolutely

No. of Total mg mg spent mg spent per mgspentper  mg spent
patients  spent per success  non-failure never PONV per patient
700 0
135 540
165 660
135 540 89
835 1200 14
700 0 17
1000 1200 12
700 2800
63 250
238 950
63 250 16.0
763 3050 52
1000 4000 40
3x
-73 1850
63 3050
2800
=26 mg
49 mg
400 0
270 1080
330 1320
270 1080 89
670 2400 36
400 0 6.0
1000 2400 24
400 1600
63 250
538 2150
63 250 16.0
463 1850 86
1000 4000 4.0
2x
-208 -550
63 1850
1600
3mg
30 mg

PONV-ree patients, would require an additional
43 mg for each patients who benefited.

Drug-related adverse effects

With 4 mg or 8 mg prophylaxis, 33 extra patients
from 1000 would have an adverse drug reaction
who would not have had this reaction had they
received placebo. Because all patients received the
drug with prophylaxis, this outcome was indepen-
dent of the CER. With treatment (1 mg or 4 mg),
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TABLE 63 Treatment with ondansetron, | mg, versus prophylaxis with ondansetron, 8 mg

Patients Decision CER mg NNT No.of Total mg mg spent mg spent per mgspentper  mg spent
tree patients  spent per success  non-failure never PONV per patient

A CER =30%

Treatment of established PONV with ondansetron, | mg

No PONV (no need for treatment) Tl 700 0

Successful treatment (40%) T2 120 120

Failure with treatment T3 180 180

All successes T2 120 120 25

All non-failures TI+T2 820 300 0.4

PONV-free Tl 700 0 0.4

All patients TI+T2+T3  30% | 1000 300 03

Prevention of PONV with ondansetron, 8 mg

No PONV anyway Pl 700 5600

No PONYV because of prophylaxis (NNT 6.4) P2 156 1250

PONYV despite prophylaxis P3 144 1150

All successes P2 156 1250 6.4

All non-failures = PONV-free Pl +P2 856 6850 9.3

All patients PI+P2+P3  30% 8 6.4 1000 8000 8.0

Difference in mg spent (factor x) 27 x

Incremental cost effectiveness ratio

Difference in non-failures 36 6550

Difference in PONV-free 156 6850

Difference in costs between treatment and prophylaxis 7700

mg to generate an additional non-failure 181 mg

mg to generate an additional PONV-free 42 mg

B Control event rate 60%

Treatment of established PONV with ondansetron, | mg

No PONYV (no need for treatment) Tl 400 0

Successful treatment (40%) T2 240 240

Failure with treatment T3 360 360

All successes T2 240 240 25

All non-failures TI+T2 640 600 0.9

PONV-free T 400 0 1.5

All patients TI+T2+T3  60% | 1000 600 0.6

Prevention of PONV with ondansetron, 8 mg

No PONV anyway Pl 400 3200

No PONY because of prophylaxis (NNT 6.4) P2 156 1250

PONV despite prophylaxis P3 444 3550

All successes P2 156 1250 6.4

All non-failures = PONV-free Pl +P2 556 4450 144

All patients PI+P2+P3  60% 8 6.4 1000 8000 8.0

Difference in mg spent (factor x) 13 x

Incremental cost-effectiveness ratio

Difference in non-failures -84 3850

Difference in PONV-free 156 4450

Difference in costs between treatment and prophylaxis 7400

mg to generate an additional non-failure -46 mg

mg to generate an additional PONV-free 25 mg

ten extra patients experienced an adverse drug
reaction when the CER was 30%, and 20 had such
a reaction when the CER was 60%.

Comment

These results show that treatment of established
PONYV with ondansetron, 1 mg, is the most cost-
effective option, irrespective of the proportion of

patients who are likely to experience PONV. The
systematic review suggests that ondansetron, 1 mg,
is the most effective treatment and ondansetron,

8 mg, is the most effective prophylaxis. In practice,
4 mg is the recommended dose for both treatment
and prophylaxis.

Using only the point estimates of effectiveness from
systematic reviews, there was little difference in the
number of patients who were either PONV-free or
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TABLE 64 Incremental costs to generate one additional patient who either experiences no more than one episode of PONV or is

completely PONV-free

A Not more than one episode of PONV

Strategy Number with Additional Total mg
< | episode patients spared spent
PONV < | episode
PONV
CER =30%
Prevention, 4 mg 763 N/A 4000
Treatment, | mg 820 57 300
Treatment, 4 mg 835 15 1200
Prevention, 8 mg 856 21 8000
CER = 60%
Prevention, 4 mg 463 N/A 4000
Prevention, 8 mg 556 93 8000
Treatment, | mg 640 84 600
Treatment, 4 mg 670 30 2400
B Completely PONV-free
Strategy Number Additional Total mg
patients PONV-free required
PONV-free patients
CER =30%
Treatment, | mg 700 N/A 300
Treatment, 4 mg 700 0 1200
Prevention, 4 mg 763 63 4000
Prevention, 8 mg 856 93 8000
CER = 60%
Treatment, | mg 400 N/A 600
Treatment, 4 mg 400 0 2400
Prevention, 4 mg 463 63 4000
Prevention, 8 mg 556 93 8000

who experienced no more than one episode of
PONV in any of these strategies. Because of this,
the incremental analysis was highly unfavourable to
prophylaxis because prophylaxis will consume very
much higher quantities of anti-emetic but few addi-
tional patients will have a beneficial outcome. Even
this may overstate the case, because point estimates
have CIs about them. It might be considered legiti-
mate to say that the number of additional patients
apparently obtaining a benefit with prophylaxis was
within the uncertainties of our estimates, so that no
additional patients would be likely to benefit. If this
were the case, prophylaxis exposes patients to much
higher doses of drug for no benefit.

In money terms, how much more expensive
prophylaxis will be depends on the unit cost of
drug bought by hospital pharmacies. In practice
this may be very much lower than the advertised
price to GPs. However, hospitals in which prophy-
laxis with ondansetron was the norm would enjoy
significant savings if a change were made to
treatment of established PONV.

What might change this view? Unplanned overnight
stays in day-case surgery because of PONV are clearly

Additional ‘Cost’ of generating Comment Total cost/

mg required one additional patient patients
with < | episode PONV spared
(= x drug cost)

N/A 5 52

-3700 -65 Sparing effect 0.4

900 60 1.4

6800 324 9.3

N/A 9 86

4000 43 144

-7400 -88 Sparing effect 0.9

1800 60 3.6

Additional ‘Cost’ of generating Comment Total cost/

mg spent one additional patients
PONV-free patient spared
(= x drug mg cost)

N/A 0.4 0.4

900 > 900 No benefit 1.7

2800 444 52

4000 43.0 9.3

N/A 1.5 1.5

1800 > 1800 No benefit 6.0

1600 25.4 86

4000 43.0 144

expensive but there is no reason to expect that this
would be rarer with prophylactic ondansetron than
with treatment. Adverse events consequent on the
much greater use of ondansetron might incur
greater costs — either through treatment of head-
ache and an unplanned overnight stay because of
headache, or through the unnecessary investigation
of raised liver enzymes. Again, there is no evidence
that these are major concerns.

Can these results be extrapolated to other anti-
emetics? No direct comparisons have been found
to indicate that any of the commonly prescribed
anti-emetics are significantly better or worse than
ondansetron (unpublished observations). Most
other anti-emetics have a much lower cost per dose
than ondansetron, and so monetary differences
between prophylaxis and treatment may not be
great. But if other anti-emetics do not differ in
efficacy, but are cheaper, then that does point to
other possible savings, albeit recognising the need
also to examine their safety.

What is clear is that the great variability in results
shown in individual trials, both in respect to PONV
rates without treatment and in the apparent effect
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of treatment,"? makes economic evaluation point-
less outside of evidence systematically gathered.

References

1.

Tramer MR, Moore RA, Reynolds DJM, McQuay HJ.

A quantitative systematic review of ondansetron in
treatment of established postoperative nausea and
vomiting. BMJ1997;314:1088-92.

Tramer MR, Reynolds D], Moore RA, McQuay
HJ. Efficacy, dose-response and safety of ondanse-
tron in prevention of postoperative nausea and
vomiting: a quantitative systematic review of
randomised placebo-controlled trials.
Anesthesiology 1997;87:1277-89.

Karlsson G, Johannesson M. The decision rules
of cost-effectiveness analysis. PharmacoEconomics

1996;9:113-20.

223






Health Technology Assessment 1998; Vol. 2: No. 12

Chapter 23

Conclusion

Interventions

In treating acute pain, as in other areas of
medicine, tradition and ill-informed prejudice
sometimes hold sway over evidence and common
sense. This study concentrated on gathering evi-
dence for the treatments which are simple. In this
chapter that evidence is drawn together in a wider
frame, including interventions for which there
are no systematic reviews. Wherever possible our
recommendations are based on randomised trials.

Effective pain management is fundamental to
quality care and, while we consider that good pain
control speeds recovery, there is still no compelling
evidence that this is so, although advantage can be
shown with proxy measures like mobility or cough-
ing. However, evidence that good pain manage-

ment led to faster recovery would increase the
pressure to improve current practice, which is
often less than ideal.

Non-opioids: paracetamol, combinations
and NSAIDs

Effective relief can be achieved with oral non-
opioids and NSAIDs. These drugs are appropriate
for many post-surgical and post-traumatic pains,
especially when patients go home on the day of the
operation. The evolving league table for analgesic
efficacy compiled from randomised trials after all
kinds of surgery is shown in Figure 56. Analgesic
efficacy is expressed as the NNT, the number of
patients who need to receive the active drug for
one to achieve at least 50% relief of pain compared
with placebo over a 6-hour treatment period. The
most effective drugs have low NNT values of about

Codeine, 60 mg

Dihydrocodeine, 30 mg
Tramadol, 50 mg
Dextropropoxyphene, 65 mg
Paracetamol, 500 mg

Aspirin, 650 mg, + codeine, 60 mg
Tramadol, 100 mg

Paracetamol, 1000 mg
Paracetamol, 650 mg, + dextropropoxyphene, 65 mg
Ibuprofen, 200 mg

Morphine, 10 mg i.m.
Ibuprofen, 400 mg

Diclofenac, 25 mg

Diclofenac, 50 mg

??;,5

10 100
NNT (95% Cl)

FIGURE 56 Oral analgesic NNT league table
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2, meaning that for every two patients who receive
the drug one patient will get at least 50% relief
because of the treatment (the other patient may
obtain relief but it does not reach the 50% level).

For paracetamol, 1 g, the NNT is nearly 5.
Combination of paracetamol, 650 mg, with
dextropropoxyphene, 65 mg, improves the NNT
value slightly. Ibuprofen is better with an NNT
of 3, as is diclofenac at about 2.5.

These NNT comparisons are against placebo;

the best NNT value of 2 means that while 50 from
100 patients will get at least 50% relief because

of the treatment, another 20% will have a placebo
response which gives them at least 50% relief.
Hence, with diclofenac, 70 from 100 patients

will have effective pain relief.

This alternative way of looking at the effect of the
various analgesics is shown in Figure 57. The range
is from about 25% of patients getting at least 50%
pain relief with codeine, 60 mg (largely because of

the effect of placebo), to over 70%, at the high end

of the 95% CI, with oral NSAID. For comparison,
with morphine, 10 mg i.m., about 53% of patients
get more than 50% pain relief. Because the effect
of placebo is added in, the comparisons between
analgesics are not as stark as with NNT.

The clear message is that, of the oral analgesics,
NSAIDs perform best and paracetamol alone or in

combination is also effective. Initial prescription
of oral NSAIDs can be supplemented with para-
cetamol. As pain wanes then the prescription
should be paracetamol-based, supplemented if
necessary by NSAIDs.

There is an old adage that if a patient can swallow
then it is best to take drugs by mouth. There is no
evidence that NSAIDs given rectally or by injection
perform better (or faster) than the same drug at
the same dose given by mouth (see chapter 11).
These other routes become appropriate when
patients cannot swallow. Topical NSAIDs are
effective in acute musculoskeletal injuries
ibuprofen has an NNT of 3 for at least 50%

relief at one week compared with placebo

(see chapter 12).

Adverse effect data on NSAIDs from long-term
dosing, where gastric bleeding is the main worry,
rates ibuprofen the safest.! In acute pain, the
main concerns are renal and coagulation
problems. Acute renal failure can be precipitated
in patients with pre-existing heart or kidney
disease, those on loop diuretics or those who
have lost more than 10% of blood volume.
NSAIDs cause significant lengthening (~30%)
of bleeding time, usually still within the normal
range. This can last for days with aspirin, hours
with non-aspirin-based NSAIDs. Whether or not
NSAIDs cause significant increase in blood loss
remains contentious.

NNT

Codeine, 60 mg

16.7

Dihydrocodeine, 30 mg

9.7

I18u

83

Tramadol, 50 mg

Dextropropoxyphene, 65 mg

77

Paracetamol, 500 mg -

Aspirin, 650 mg, + codeine, 60 mg

5.3

Tramadol, 100 mg

48

4.6

Paracetamol, 1000 mg A

Paracetamol, 650 mg, + dextropropoxyphene, 65 mg

44

——
=
——
—— 5.6
s
=N
=
——
=

Ibuprofen, 200 mg -

- 33

Morphine, [0 mg i.m. -

3 2.9

Ibuprofen, 400 mg -

—— 2.7

Diclofenac, 25 mg A

e B 2.6

Diclofenac, 50 mg A

—— 2.3

25 50 75 100

Patients with at least 50% PR (%)
(95% Cls)

FIGURE 57 Oral analgesic league table — percentage with at least 50% pain relief




Health Technology Assessment 1998; Vol. 2: No. 12

Other drugs

As yet there is no evidence from systematic reviews
for a number of niche analgesic interventions.
These include: inhaled nitrous oxide, which can
provide fast-onset, fast-offset analgesia for obstetrics
and wound dressings; corticosteroids to reduce
pain and swelling after head and neck surgery, and
when swelling causes pain in cancer; ketamine in
emergency analgesia and anaesthesia; and
clonidine.

Opioids

For severe acute pain, opioids are the first-line
treatment and, to date, only one systematic review
has been found - that for injected morphine (see
chapter 13). Intermittent opioid injection can pro-
vide effective relief of acute pain.? Unfortunately,
adequate doses are withheld because of traditions,
misconceptions, ignorance and fear. Doctors and
nurses fear addiction and respiratory depression.
Addiction is not a problem with opioid use in acute
pain. Over 11,000 patients were followed-up a year
after opioids were given for acute pain, and just
four were considered addicts.”

Irrespective of the route, opioids used for

people who are not in pain, or in doses larger
than necessary to control the pain, can slow or
indeed stop breathing. The key principle is to
titrate the dose against the desired effect — pain
relief — and minimise unwanted effects (Figure 58).
If the patient is still complaining of pain and you
are sure that the drug has all been delivered and
absorbed, then it is safe to give another, usually
smaller, dose (b minutes after intravenous, 1 hour
after intramuscular or subcutaneous, 90 minutes
after oral). If the second dose is also ineffective,
then the process should be repeated or the route

of administration changed to achieve faster
control. Delayed release formulations, oral or
transdermal, should not be used in acute pain,
because delayed onset and offset are dangerous
in this context.

There is no compelling evidence that one opioid
is better than another, but there is good evidence
that pethidine has a specific disadvantage* and
no specific advantage. Given in multiple doses,
the metabolite norpethidine can accumulate and
act as a central nervous system irritant, ultimately
causing convulsions, especially in renal dysfunction.
Pethidine should not be used when multiple
injections are needed. The long-held view that
pethidine is better than other opioids when
dealing with colicky pain is no longer tenable.’

Morphine (and its relatives diamorphine

and codeine) has an active rather than a toxic
metabolite, morphine-6-glucuronide. In renal
dysfunction, this metabolite can accumulate and
result in greater effect from a given dose, because
it is more active than morphine. If dose is being
titrated against effect, as it should be, this will not
matter. Less morphine will be needed. Accumu-
lation can be a problem with unconscious intensive
care patients on fixed dose schedules when renal
function is compromised.

Opioid adverse effects include nausea and
vomiting, constipation, sedation, pruritus, urinary
retention and respiratory depression. There is

no good evidence that the incidence is different
with different opioids at the same level of anal-
gesia. There is good evidence that the risk of
adverse events is increased when high-technology
approaches are used for drug administration.®

If the patient is asking for more opioid than it usually
signals inadequate pain control:

— too little drug

— too long between doses

— too little attention paid to the patient

— too much reliance on rigid (inadequate) prescriptions

Principle for safe and effective opiate use - titrate to effect

Dose of opiate

Serious
adverse
events

—

Pain free — trust the patient

Pain
intensity

Time

FIGURE 58 Titrate opioids to effect
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Conclusion

There are strong arguments, based on minimising
risk, for using one opioid only, so that everyone is
familiar with dosage, effects and problems. Our
first choice opioid is morphine. Whichever drug
is chosen, simple changes in the way opioids are
used, good staff education and implemention of
an algorithm for intermittent opioid dosing, can
have a powerful impact on pain relief and

patient satisfaction.?

Nurse-administered intermittent opioid injection
requires good staffing levels to minimise delay
between need and injection. Staffing shortages,
ward distractions and controlled drug regulations
all increase the delay. PCA overcomes these
logistical problems. The patient presses a button
and receives a pre-set dose of opioid, from a
syringe driver connected to an intravenous or
subcutaneous cannula. This delivers the opioid
to the same opioid receptors as an intermittent
injection but allows the patient to circumvent
delays. Not surprisingly, there is little difference in
outcome between efficient intermittent injection
and PCA.” Good risk management with PCA
should emphasise the same drug, protocols

and equipment throughout a hospital.

Novel routes of opioid administration, intended
to improve analgesia and reduce adverse effects,
include intra-articular (see chapter 17), nasal,
active transdermal and inhalational. These may
prove to have advantage over conventional
routes, different kinetic profiles or greater
convenience, but their place in mainstream
care is unproven.

Regional analgesia

The perceived advantage of regional analgesia with
local anaesthetic is that it can deliver complete pain
relief by interrupting pain transmission from
alocalised area, so avoiding generalised drug

TABLE 65 Regional analgesia summary

Indications

Low technology Topical
Wound infiltration
Peripheral nerve blocks

Plexus blocks
High technology Epidural (including caudal)

Intrathecal

Surface wounds
Most wounds

Limb surgery/trauma Catheter possible n
Limb surgery

Major surgery
(thoracoabdominal,
lower limb)

Major surgery
(thoracoabdominal,
lower limb)

adverse effects. This advantage is more obvious
when it is possible to give further doses via a
catheter, extending the duration of analgesia.
Details are given in Table 65.

There is a necessary distinction between blocks
undertaken to permit surgery, and blocks under-
taken together with a general anaesthetic to
provide postoperative pain relief. There is clear
evidence that blocks can indeed provide good relief
in the initial postoperative period® and no evidence
to suggest that patients with blocks then experience
‘rebound’, and need more postoperative pain
relief. The risk of neurological damage is the major
drawback? and, ideally, blocks should not be
undertaken on anaesthetised patients.

Epidural analgesia

Epidural infusion via a catheter can offer
continuous relief after trauma or surgery for lower
limb, spine, abdominal or chest. The current
optimal infusate is an opioid/local anaesthetic
mixture. Opioids and local anaesthetics have

a synergistic effect, so that lower doses of each

are required for equivalent analgesia with fewer
adverse effects.'

The risks are those of an epidural (dural
puncture, infection, haematoma, nerve damage),
those of the local anaesthetic (hypotension,
motor block, toxicity), and those of the opioid
(nausea, sedation, urinary retention, respiratory
depression, pruritus). Wrong doses do get
administered,® so increased surveillance is
mandatory. The risk of persistent neurological
sequelae after an epidural is about 1 in 5000."!
Debate continues as to whether patients with
epidural infusions can be nursed on general
wards. These techniques are only appropriate
for major trauma or surgery when the potential
benefits outweigh the risks.

Advantages Problems
Simple Short duration
Simple Short duration

Catheter possible Nerve damage,

motor block

Adverse effects
surveillance

Catheter possible;
reduced thrombo-
embolism

Long duration relief
possible from single
injection low-dose opioid
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Other techniques

While experts can obtain good results with specialised
procedures, such as paravertebral or interpleural
injections, the evidence that in less skilled hands
these are better than standard methods (should-do
rather than can-do evidence) is often lacking.

TENS and acupuncture

TENS is not effective for postoperative pain (see
chapter 20) and is of limited value for labour pain
(see chapter 21). Systematic reviews of acupuncture
are confined to chronic pain.

Psychological methods

There is evidence that psychological approaches
are beneficial.'”? Cognitive behavioural methods
can reduce pain and distress in patients with
burns. Preparation before surgery can reduce
postoperative analgesic consumption.

Clinical settings and
recommendations (see Box 4)

General

The tenets of good management of acute pain are
that, with good staff (and patient) education in place,
appropriate drug doses are given when needed by the
appropriate route and delivery method. Schemes
have to be flexible enough to respond to individual
patient need and different clinical settings. A general
strategy is presented in Figure 59.

There is controversy about the optimal timing of
initial analgesia. The idea is that analgesia is more
effective when given before pain begins than when
given after. Most randomised trials comparing the

BOX 4 How to achieve successful pain management

Factors to consider when choosing therapy

Co-existing illness

Staff availability

Equipment available

Risks and unwanted effects of the various options
Appropriateness of the chosen intervention for that pain
Evidence of efficacy for the chosen intervention

Cost

Steps to successful management

Regular assessment of pain and adverse effects
Protocols for monitoring and treating pain

Protocols for monitoring and treating adverse effects
Titration of doses at short intervals until pain relieved
Consideration of more than one approach
Appropriate back-up by identified personnel
Continuing in-service training and education

Predictable problems
Patient Problems
Babies and infants Communication;
drug handling
Elderly Co-existing illness; drug handling
Respiratory disease Respiratory depression;
NSAIDs and asthma

Renal failure Drug handling; NSAIDs
Head injury or impaired ~ Assessment; dose titration
consciousness

Drug addiction or
already taking opioids

Dose titration; weaning;
respiratory depression after
nerve block which stops pain

Sickle cell disease Assessment; varying analgesic needs

Key points for improving acute pain management

1 Opt for safety and simplicity.

2 Measure and record pain regularly — be proactive.

3 Choose evidence-based interventions.

4 Individualise treatment and allow patient to control analgesia.
5 Choose appropriate drug, route and mode of delivery.

6 Provide education for staff and patients.

Low tech

High tech * Epidural infusion

o

Intermittent opioid bolus injection

* Patient-controlled analgesia to deliver opioid

Pain Oral NSAID +
intensity paracetamol
Oral paracetamol
+ NSAID
Time >

(pain decreases or goes away)

FIGURE 59 General strategy
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Conclusion

same intervention given before or after pain starts
have not shown clinical advantage of so-called pre-
emptive analgesia."® Whether poorly-controlled
acute pain generates chronic pain is also
controversial.

Problem pains and patients

Standard interventions and protocols will cope
with most acute pain problems but some patients,
particularly in hospital, will require special manage-
ment. Expertise can be developed in specific units
but, if not available, the advice of your acute pain
service should be sought. In particular do not let
pain go untreated in children.

Conclusion

The key to successful pain management is
education, not new drugs or high-technology
delivery systems. Existing tools can do the job if
doctors and nurses are educated, both to dispel the
myths and misconceptions and to take responsi-
bility for providing good pain control. It is much
easier to dispel myths when you have the evidence.
For many years patients were not given adequate
analgesia for abdominal pain in case it masked the
signs necessary for diagnosis. This was wrong.'*

Pain relief should not be seen as someone else’s
responsibility; nor should it be just dismissed,
because ‘in the end the pain and the patient go
away’. Freedom from pain is important to patients.
In 1846, the first anaesthetic provided pain-free
surgery. Some 150 years later patients should

not have to endure unrelieved pain anywhere

in hospital.
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