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ABSTRACT ARTICLE HISTORY
Background: Clinical trials remain vital in order to: A) develop new treatment interventions, Received 5 November 2018
and also, B) to guide optimal use of current interventions for the treatment and prevention of ~ Revised 12 February 2019
acute and chronic postsurgical pain. Measures of pain (e.g. intensity and relief) and opioid use ~ Accepted 12 February 2019
have been validated for the settings of postsurgical pain and continue to effectively guide KEYWORDS

research in this field.. Acute pain; chronic pain;
Methods: This narrative review considers needs for innovation in postsurgical pain trial out- analgesia; outcome
comes assessment. measurement;

Results: Future improvements are needed and include: A) more widespread measurement of postoperative; postsurgical;
movement-evoked pain with validation of various procedure-relevant movemen-tevoked pain surgery

maneuvers; B) new validated analytical approaches to integrate early postoperative pain scores
with opioid use; and, C) closer attention to the measurement of postoperative opioid use after
hospital discharge. In addition to these traditional measures, consideration is being given to
the use of new pain-relevant outcome domains that include: 1) other symptoms (e.g. nausea
and vomiting), 2) recovery of physiological function (e.g. respiratory, gastrointestinal, genitour-
inary and musculoskeletal), 3) emotional function (e.g. depression, anxiety) and, 4) develop-
ment of chronic postsurgical pain. Also, there is a need to develop pain-related domains and
measures for evaluating both acute and chronic post-operative pain. Finally, evidence suggests
that further needs for improvements in safety assessment and reporting in postsurgical pain
trials is needed, e.g. by using an agreed upon, standardized collection of outcomes that will be
reported as a minimum in all postsurgical pain trials.

Conclusions: These proposed advances in outcome measurement methodology are expected
to improve the success by which postsurgical pain trials guide improvements in clinical care
and patient outcomes.

RESUME

Contexte: Les essais cliniques demeurent essentiels pour a) développer de nouvelles interventions
de traitement et b) guider I'utilisation optimale des interventions actuelles pour le traitement et la
prévention de la douleur postopératoire aigue et chronique. Les mesures de la douleur (ex.: intensité
et soulagement) et de l'usage d'opioides ont été validées pour les contextes de la douleur
postopératoire et continuent de guider la recherche dans le domaine.

Méthodes: Cet examen narratif porte sur la nécessité d'innover en ce qui concerne les résultats
des études sur I'évaluation de la douleur postopératoire.

Résultats: Des améliorations sont nécessaires, parmi lesquelles on compte: a) une plus grande
généralisation de la mesure de la douleur évoquée par le mouvement avec validation de
diverses manceuvres relatives a la douleur évoquée par le mouvement pertinentes aux inter-
ventions; b) de nouvelles approches analytiques validées afin d'intégrer les scores obtenus
pour la douleur postopératoire précoce et I'usage d’'opioides; c) une attention plus soutenue a
la mesure de l'usage postopératoire d'opioides apres le congé de I'hépital. En plus de ces
mesures traditionnelles, I'utilisation de nouveaux domaines de résultats pertinents a la douleur
sont aussi envisagés, dont : 1) d'autres symptomes (ex. : nausée et vomissements), 2) le
rétablissement de la fonction physiologique (ex. : respiratoire, gastro-intestinale, génito-
urinaire et musculo-squelettique, 3) la fonction émotionnelle (ex. : dépression anxiété) et 4)
le développement de douleur postopératoire chronique. De plus, des domaines et mesures de
la douleur sont nécessaires pour évaluer la douleur aigue et la douleur postopératoire chron-
ique. Finalement, les données probantes suggérent que des améliorations sont nécessaires
dans I'évaluation de la sécurité, en utilisant par exemple un ensemble minimal de résultats
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convenus et standardisés qui seront utilisésdans toutes les études portant sur la douleur

postopératoire.

Conclusions: On s’attend a ce que les améliorations proposées dans la méthodologie de
mesure des résultats permettent aux études sur la douleur de guider les améliorations en
matiere de soins cliniques et de résultats des patients de maniere plus fructueuse.

Introduction

Over 300 million surgical procedures are done in the
world each year' and approximately 60-70% of these are
associated with moderate or severe postsurgical pain.”™
The clinical goals for acute postsurgical pain management
include the relief of pain-related suffering, and the reduc-
tion of pain-related physiological impairment (e.g. immo-
bility, impaired cardio-respiratory, gastrointestinal and
cognitive function, disturbed sleep) in order to accelerate
functional recovery after surgery.>® In addition to redu-
cing the severity and adverse effects of postsurgical pain in
the days to weeks after surgery, development of chronic
postsurgical pain that persists beyond 3 months after
surgery has been increasingly recognized as a serious
complication that requires greater attention by surgeons,
anesthesiologists and other perioperative healthcare pro-
viders and researchers.”

The evolution of clinical trials of postsurgical pain
treatment and  prevention has demonstrated
a dichotomy between: 1) trial designs that facilitate
development of novel analgesic agents, for example by
the pharmaceutical industry, and, 2) more pragmati-
cally oriented trials focused on guiding improvements
in postsurgical clinical outcomes.'' Proof-of-concept
study designs in trials evaluating novel therapies for
postsurgical pain - typically in comparison with inert
placebo - generally emphasize trial feasibility, single-
dose trial designs, high assay sensitivity (i.e. ability of
the trial to demonstrate a treatment versus placebo
difference if one exists) and internal validity.'*'* In
such trials — that typically evaluate novel analgesics
that have shown efficacy in reducing nociception in
preclinical animal models — primary outcome measure-
ment is usually focused on pain intensity or relief.'*
Pragmatically oriented study designs of trials focused
on optimizing clinical outcomes - often involving cur-
rently available pain treatments - generally emphasize
generalizability, clinical relevance and importance, and
often involve multi-dose trial designs.“’15 In such trials,
that typically involve various domains of clinical assess-
ment, outcome measures in addition to pain should
whenever possible be included, addressing domains
such as physiological function, patient satisfaction and
time to hospital discharge readiness.'" This article dis-
cusses the current status and future directions of

outcome measures for post-surgical pain trials with
a distinction between trials of acute postsurgical pain
treatment and chronic postsurgical pain prevention.

Traditional Pain-Related Outcome Measures in
Postsurgical Pain Trials

Pain Intensity and Pain Relief

Given their focus, clinical trials of postsurgical pain
almost always include outcome measures of pain inten-
sity or relief, and most often, one of these measures is
defined as the primary outcome of the trial.'® In
a review of 3 meta-analyses of 154, mostly single-dose,
trials of aspirin, acetaminophen and ibuprofen, the
most commonly used outcomes were pain intensity,
pain relief, global improvement measures, rescue
analgesic use, and adverse effects.'” Of note, the major-
ity of these RCTs reported trial treatment group
averages rather than proportions of responders with
a predefined level of treatment response (e.g. 50%
pain reduction). This has been recognized to be proble-
matic because very few patients “behave like the aver-
age” and a more clinically relevant treatment group
measure is the proportion of patients who responded
(e.g. received a 50% pain reduction) to the treatment.'®
Historically, various different rating methods have been
used to assess postoperative pain intensity and
relief."*'>** Commonly used rating scales include ver-
bal/category scales (e.g. none, mild, moderate or severe
for intensity; none, slight, moderate or complete for
relief), numerical rating scales (e.g. 0-10 scale) or visual
analog scale (e.g. 0-100 mm scale).*"*

Research interest in treatment and prevention of
chronic postsurgical pain has been growing”?’ given
its major negative impact on long-term quality of
life.**** Because chronic postsurgical pain is generally
defined as new pain that develops after a surgical pro-
cedure (or, in some situations, increased pain intensity
after the surgical procedure if a patient presented pain
in the operated area before surgery) and persists at least
3 months after surgery,”*>*” some measure of pain at,
and/or beyond, 3 months after surgery is typically
involved in studies of persistent post-surgical pain.
For example, in a meta-analysis of clinical trials of
drugs studied for the prevention of chronic pain after
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surgery, the most commonly used outcomes were any
(i.e. 2 zero intensity) pain reported > 3 months after
surgery, and, when persistent pain intensity was actu-
ally rated, > moderate pain > 3 months after surgery.”®
It should be noted, however, that more specific defini-
tions and assessment methods of outcome measures
may have an important impact on study results, e.g.
a single telephone pain intensity rating versus a more
robust multiple-day pain diary and also multiple time
points beyond 3 months.

Rescue Opioid Consumption

Over half a century ago, pioneering investigations by
Henry Beecher and others actually used postoperative
opioid consumption as a measure of pain severity after
different surgical procedures — at a time when very few,
if any, non-opioid analgesics were available.”” With the
subsequent investigation into postoperative analgesic
efficacy of non-steroidal anti-inflammatory drugs, the
use of opioids for analgesic rescue stimulated the need
for new analytical approaches to censor and/or impute
pain scores for patients after receiving rescue analgesia
in a trial.'*'®** The development of patient-controlled
analgesia (PCA) systems with data capture’™* pro-
vided the ability to assess apparent analgesic responses
to other analgesic treatments, as indicated by
a reduction in PCA opioid consumption.”® Thus, the
concept of opioid sparing as an effect of an investiga-
tional analgesic led to opioid consumption as an impor-
tant outcome measure in postsurgical pain trials
involving rescue analgesic with non-study opioids.'"**

Future Considerations for Other Outcome
Measures

Needs for Improvement in Postsurgical Pain Trials

Movement-evoked pain as a critically important out-
come measure

For several decades, patients, clinicians and research-
ers alike have recognized the important distinction
between pain at rest (PAR) and pain evoked or aggra-
vated by movement (MEP - movement-evoked pain)
such that MEP is generally more severe than PAR.*>™’
Previous studies have suggested an association between
MEP and impaired recovery of postoperative physiolo-
gical function”®-** and that analgesic interventions with
effective reduction of MEP result in improved pulmon-
ary outcomes.*"*? Despite this compelling rationale,
a previous systematic review of over 1,800 analgesic
clinical trials involving thoracotomy, hysterectomy and
knee arthroplasty demonstrated that only 39% of trials

actually included MEP as a trial outcome and more than
half of these trials failed to distinguish between PAR and
MEP when defining the trial’s primary outcome.*
Despite prominent recognition of this important
distinction,** clinical trials continue to fail to distinguish
between PAR and MEP when defining their
outcomes.*>*® Thus, an important future direction for
postsurgical trials is to greatly heighten awareness and
implementation of MEP, in addition to PAR, as
a critically important outcome measure. This must be
done in a procedure-specific set-up with assessment of
procedure-specific, clinically-relevant movement. Ideal
would be the use of agreed upon, reliable and validated
patient-reported outcome measure for MEP based on
a procedure-relevant “movement” but validation of
such measures are needed.

Opioid consumption - an increasingly important
outcome measure

As mentioned above, reduced opioid requirements,
or opioid sparing, after surgery may reflect the analge-
sic efficacy of an investigational pain treatment making
opioid consumption a popular outcome measure in
analgesic trials. However, careful reflection has high-
lighted several limitations of opioid consumption as an
outcome, particularly in the setting of PCA opioid use.
In particular, a weak correlation between pain intensity
and opioid consumption has been observed, which
could be, in part, due to: 1) acute tolerance to opioids,
2) variable training of patients on how to use PCA, 3)
other opioid side effects (e.g. nausea-induced reduc-
tions in PCA use), and, 4) effects of investigational
analgesic on PCA (e.g. sedation-induced reductions in
PCA demand).”” Thus, interpretation of pain scores, as
the sole measure of analgesic treatment response, in
postsurgical placebo-controlled analgesic trials is com-
plicated by PCA opioid use because measured efficacy
differences between placebo and investigational analge-
sic can be partially reduced if greater opioid use, and
opioid-related analgesia, in the placebo group reduces
the placebo versus treatment difference. Also, as dis-
cussed above, reliance on opioid consumption data
alone also has its limitations in making any conclusions
about investigational drug efficacy. For these reasons,
investigators have proposed different analytical
approaches to integrate pain scores and opioid con-
sumption in order to provide a more representative
composite score in postsurgical analgesic trials.**>°
Since uniform agreement has not yet been reached on
an optimal approach, additional research has been
recommended to more confidently conclude whether
such complex analytical approaches provide a more
definitive characterization of the efficacy of an investi-
gational analgesic."*
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The greatest relevance of postoperative opioid con-
sumption as a clinical outcome is related to the well-
recognized adverse effects of opioids affecting neurolo-
gical, respiratory, gastroenterological and genitourinary
systems.”’ Thus, regardless of the mechanism, if an
investigational treatment can effectively reduce opioid
use to a degree that will result in reduced opioid-related
adverse effects (without increasing pain), this would
certainly be a clinically important favourable effect.””
In fact, several examples have been described where
multiple trials of interventions with even modest
analgesic efficacy result in significant reductions in
opioid-related adverse effects. For example, postopera-
tive administration of non-steroidal anti-inflammatory
drugs reduced nausea and vomiting,”® and postopera-
tive infusions of intravenous lidocaine accelerated
recovery of postoperative bowel function.”* In fact,
a specific composite scale designed to assess postopera-
tive opioid-related side effects® has been introduced to
demonstrate the impact of novel analgesic interventions
to reduce opioid-related side effect burden®® and
should be used much more in future trials.

More recently, the largely North American opioid
crisis has focused more attention on the amount of
opioid use before and after surgery.”” Although preo-
perative opioid use and preoperative pain - at or
remote from the surgical site - have been shown to
be associated with a higher risk of persistent postopera-
tive pain,”® some large cohort studies have reported
varying, but concerning, rates of chronic postoperative
opioid use after minor surgery in previously opioid-na
ive patients.””>” As this research continues, it has been
recognized that efforts to reduce opioid use, particu-
larly after hospital discharge, requires further
attention® and, thus, opioid consumption beyond the
early postoperative period is an increasingly important
trial outcome measure.

Do We Need More Outcome Measures?

Recently proposed future research needs for postsurgi-
cal pain management include: 1) development of opti-
mal strategies for the management of pain in
challenging populations (e.g. preexisting chronic pain,
mental health conditions, and substance use disorders);
2) prevention of transition to chronic postsurgical pain;
and, 3) post-hospital discharge management of post-
surgical pain in home/community settings.'"' These
newer areas of postsurgical pain research may require
development and implementation of new patient-
centered outcome measures. Such measures will need
to be focused on the population of interest (e.g. out-
comes related to depression, chronic pain, substance

use disorder), or on the surgical procedure of interest
(e.g. measures of functional recovery after total knee
arthroplasty), or on the intervention of interest (e.g.
feasibility outcomes of outpatient indwelling catheters
for regional analgesia).

Relevant to the management of early postoperative
pain, the Standardised Endpoints in Perioperative
Medicine (StEP) initiative used a Delphi approach to
develop and propose 6 defined outcomes for the
domain of “patient comfort” in perioperative medicine
including: 1) pain intensity (at rest and during move-
ment, 24 hours postop), 2) nausea and vomiting, 3)
quality-of-recovery, 4) time to gastrointestinal recovery,
5) time to mobilisation, and 6) sleep quality.'
However, due to a broader perspective, procedure spe-
cific pain-related aspects were not considered and
patient’s perspective was not taken into account.
Future research is needed to elucidate these further in
order to identify (a set of) pain-related outcome
domains and instruments that are best suited for cer-
tain surgical procedures based on evidence. Important
here is a consensus procedure that includes patients, for
example similar to an approach recommended by the
comet initiative  (http://www.comet-initiative.org).
Important for measurement instruments to be recom-
mended at the end of clinical trials is feasibility, good
content validity and good internal consistency (http://
www.comet-initiative.org). In addition, future pain
trials should include detailed information on patient-
specific pain risk factors, such as pain catastrophizing,
pre-operative opioid use or other types of “pain-
sensitized” patients.'!

The setting of chronic postsurgical pain is perhaps
more complex and involves potential interventions, and
modulating factors, from before the surgical procedure
to the early perioperative period to later time points
after surgery.>”*” As such, a broader range of measures
have been proposed for research to better understand
the development of chronic postsurgical pain and its
prevention.®> Such measures are associated with the
domains of patient demographics, pain-related factors,
other clinical diagnoses and comorbidities, surgery-
related factors, psychological/psychiatric factors, physi-
cal functioning, and, global measures of outcome.®?
Other domains beyond pain intensity should be con-
sidered for exploring effectiveness of preventive inter-
vention and/or treatment of chronic postoperative pain.
Ideal would be the use of agreed upon pain-related
outcome domains that are similar to those considered
for chronic pain in general,” but tailored more speci-
fically to chronic postsurgical pain and tied to a core set
of validated instruments.***> Such an approach would
enable the identification of clinically relevant effects of
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a treatment, direct comparison of the effect of inter-
ventions between different trials and aligned evidence-
based recommendations.

Safety Outcomes in Postsurgical Pain Trials

Recognition of the importance of appropriately asses-
sing and reporting safety outcomes in clinical trials has
led to publication of the 2004 extension to the
CONSORT statement (Consolidated Standards of
Reporting Trials) using a structured checklist approach
for submission of clinical trial manuscripts.®® Despite
the publication of this statement, recent reports have
suggested that clinical trials published from 2000 to
2011 in the European Journal of Pain, Journal of Pain
and Pain failed to meet 4 of the 10 recommendations of
the 2004 CONSORT harms extension®” and that 40% of
such publications failed to report any information
regarding serious adverse events.”® This area of defi-
ciency has been well recognized in the setting of post-
surgical pain trials dating back to the late 1990s.%
However, despite the 2004 CONSORT harms extension
and the recent reviews suggesting deficiencies in pain
trials in general, more recent evidence suggests that
safety assessment and reporting in postsurgical pain
trials continues to lag behind.”*”" Thus, further atten-
tion to improving the assessment and reporting of
safety outcomes in postsurgical pain trial requires
a concerted, collaborative commitment among research
investigators, ethics review boards, research funding
agencies and journal editorial boards.

Conclusion

Outcome measures of pain (intensity and relief) remain
clinically important and are commonly used in post-
surgical pain trials. Given that opioids remain com-
monly used as rescue medications in trials of early
postsurgical pain, measures of opioid consumption
continue to be necessary and further research is needed
to validate analytical approaches that integrate opioid
consumption and pain in efforts to better estimate
analgesic efficacy of an investigational treatment.
Future initiatives and projects should, however, focus
on identifying a consented set of pain-related outcome
measures that are clinically relevant (including rele-
vance to patients), evidence-based, sensitive to changes,
and validated for its specific use in postoperative
pa‘[ien‘ts.72’73 A consensus on such a core set of patient-
centered outcome measures may be of great value in
novel trials involving specific surgical procedures,
patient populations and unique analgesic interventions.

Finally, assessment and reporting of safety outcomes is
critical in postoperative analgesic trials and requires
further improvement.

Disclosure statement

IG has received funding support from Biogen and Adynxx.
HK has no conflicts to declare. EPZ has received financial
support from Mundipharma GmbH and Grunenthal for
research activities, as well as advisory and/or lecture fees
and travel support from Griinenthal, MSD Sharp &
DOHME GmbH, Mundipharma; Janssen-Cilag GmbH;
Fresenius Kabi and AcelRx.

Funding

This work was funded, in part, by the CIHR SPOR Chronic
Pain Network.

References

1. Weiser TG, Haynes AB, Molina G, Lipsitz SR,
Esquivel MM, Uribe-Leitz T, Fu R, Azad T, Chao TE,
Berry WR, et al. Size and distribution of the global
volume of surgery in 2012. Bull World Health Organ.
2016 Mar 1;94(3):201-209F. d0i:10.2471/BLT.15.159293.

2. Chou R, Gordon DB, de Leon-Casasola OA,
Rosenberg JM, Bickler S, Brennan T, Carter T,
Cassidy CL, Chittenden EH, Degenhardt E, et al.
Management of postoperative pain: a clinical practice
guideline from the American pain society, the
American society of regional anesthesia and pain med-
icine, and the American society of anesthesiologists’
committee on regional anesthesia, executive commit-
tee, and administrative council. J Pain. 2016 Feb;17
(2):131-57. d0i:10.1016/j.jpain.2015.12.008.

3. Gan TJ, Habib AS, Miller TE, White W, Apfelbaum JL.
Incidence, patient satisfaction, and perceptions of
post-surgical pain: results from a US national survey.
Curr Med Res Opin. 2014 Jan;30(1):149-60.
doi:10.1185/03007995.2013.860019.

4. Schwenkglenks M, Gerbershagen HJ, Taylor RS,
Pogatzki-Zahn E, Komann M, Rothaug ], Volk T,
Yahiaoui-Doktor M, Zaslansky R, Brill S, et al
Correlates of satisfaction with pain treatment in the
acute postoperative period: results from the interna-
tional PAIN OUT registry. Pain. 2014 Jul;155
(7):1401-11. doi:10.1016/j.pain.2014.04.021.

5. Wu CL, Raja SN. Treatment of acute postoperative
pain. Lancet. 2011 Jun 25;377(9784):2215-25.
doi:10.1016/S0140-6736(11)60245-6.

6. Kehlet H. Postoperative pain, analgesia, and
recovery-bedfellows that cannot be ignored. Pain.
2018 Sep;159(Suppl  1):S11-S16.  doi:10.1097/j.
pain.0000000000001243.

7. Kehlet H, Jensen TS, Woolf C]J. Persistent postsurgi-
cal pain: risk factors and prevention. Lancet. 2006
May 13;367(9522):1618-25. doi:10.1016/S0140-
6736(06)68700-X.


http://dx.doi.org/10.2471/BLT.15.159293
http://dx.doi.org/10.1016/j.jpain.2015.12.008
http://dx.doi.org/10.1185/03007995.2013.860019
http://dx.doi.org/10.1016/j.pain.2014.04.021
http://dx.doi.org/10.1016/S0140-6736(11)60245-6
http://dx.doi.org/10.1097/j.pain.0000000000001243
http://dx.doi.org/10.1097/j.pain.0000000000001243
http://dx.doi.org/10.1016/S0140-6736(06)68700-X
http://dx.doi.org/10.1016/S0140-6736(06)68700-X

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

CANADIAN JOURNAL OF PAIN/REVUE CANADIENNE DE LA DOULEUR @ 41

Gilron I, Kehlet H. Prevention of chronic pain after
surgery: new insights for future research and patient
care. Can J Anaesth. 2014 Feb;61(2):101-11.
doi:10.1007/s12630-013-0067-8.

Gewandter JS, Dworkin RH, Turk DC, Farrar JT,
Fillingim RB, Gilron I, Markman JD, Oaklander AL,
Polydefkis MJ, Raja SN, et al. Research design consid-
erations for chronic pain prevention clinical trials:
IMMPACT recommendations. Pain. 2015 Jul;156
(7):1184-97. doi:10.1097/j.pain.0000000000000191.
Fletcher D, Stamer UM, Pogatzki-Zahn E, Zaslansky R,
Tanase NV, Perruchoud C, Kranke P, Komann M,
Lehman T, Meissner W; euCPSP group for the
Clinical Trial Network group of the European Society
of Anaesthesiology. Chronic postsurgical pain in
Europe: an observational study. Eur ] Anaesthesiol.
2015 Oct;32(10):725-34.  doi:10.1097/EJA.00000000
00000319.

Gilron I, Carr DB, Desjardins PJ, Kehlet H. Current
methods and challenges for acute pain clinical trials.
Pain Rep. 2018. Published Ahead of print. do0i:10.1097/
PR9.0000000000000647.

Gilron I, Max MB, Lee G, Booher SL, Sang CN,
Chappell AS, Dionne RA. Effects of the 2-amino-
3-hydroxy-5-methyl-4-isoxazole-proprionic  acid/kai-
nate antagonist LY293558 on spontaneous and evoked
postoperative pain. Clin Pharmacol Ther. 2000 Sep;68
(3):320-27. doi:10.1067/mcp.2000.108677.

Desjardins PJ, Shu VS, Recker DP, Verburg KM,
Woolf CJ. A single preoperative oral dose of valde-
coxib, a new cyclooxygenase-2 specific inhibitor,
relieves post-oral surgery or bunionectomy pain.
Anesthesiology. 2002 Sep;97(3):565-73.

Cooper SA, Desjardins PJ, Turk DC, Dworkin RH,
Katz NP, Kehlet H, Ballantyne JC, Burke LB,
Carragee E, Cowan P, et al. Research design considera-
tions for single-dose analgesic clinical trials in acute pain:
IMMPACT recommendations. Pain. 2016 Feb;157
(2):288-301. doi:10.1097/j.pain.0000000000000375.

Foss NB, Kristensen MT, Kristensen BB, Jensen PS,
Kehlet H. Effect of postoperative epidural analgesia
on rehabilitation and pain after hip fracture surgery:
a randomized, double-blind, placebo-controlled trial.
Anesthesiology. 2005 Jun;102(6):1197-204.

Center for Drug Evaluation and Research (CDER), US
Food and Drug Administration (FDA). Guidance for
industry. Analgesic indications: developing drug and
biological products (draft). Silver Spring, Maryland,
USA; 2014.

Barden J, Edwards JE, Mason L, McQuay H]J,
Moore RA. Outcomes in acute pain trials: systematic
review of what was reported? Pain. 2004 Jun;109
(3):351-56. doi:10.1016/j.pain.2004.01.032.

Moore RA, Edwards JE, McQuay HJ. Acute pain: indivi-
dual patient meta-analysis shows the impact of different
ways of analysing and presenting results. Pain. 2005
Aug;116(3):322-31. doi:10.1016/j.pain.2005.05.001.
Lokken P, Olsen I, Bruaset I, Norman-Pedersen K.
Bilateral surgical removal of impacted lower third
molar teeth as a model for drug evaluation: a test
with ibuprofen. Eur J Clin Pharmacol. 1975 Apr 4;8
(3-4):209-16.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Cooper SA, Beaver WT. A model to evaluate mild
analgesics in oral surgery outpatients. Clin Pharmacol
Ther. 1976 Aug;20(2):241-50.

Gilron I, Jensen MP. Clinical trial methodology of pain
treatment studies: selection and measurement of
self-report primary outcomes for efficacy. Reg Anesth
Pain Med. 2011 Jul-Aug;36(4):374-81. doi:10.1097/
AAP.0b013e318217a635.

Mason ST, Fauerbach JA, Haythornthwaite JA.
Assessment of acute pain, pain relief, and patient satis-
faction. In: Turk DC, Melzack R, editors. Handbook of
pain assessment. 3rd ed, pp. 1-542. New York (NY,
USA): Guilford Press; 2011.

Macrae WA. Chronic post-surgical pain: 10 years on. Br
J Anaesth. 2008 Jul;101(1):77-86. doi:10.1093/bja/aen099.
Deshpande MA, Holden RR, Gilron I. The impact of
therapy on quality of life and mood in neuropathic
pain: what is the effect of pain reduction? Anesth
Analg. 2006 May;102(5):1473-79. doi:10.1213/01.
ane.0000204295.90178.77.

Montes A, Roca G, Sabate S, Lao JI, Navarro A,
Cantillo J, Canet J; GENDOLCAT Study Group.
Genetic and clinical factors associated with chronic
postsurgical pain after hernia repair, hysterectomy,
and thoracotomy: a two-year multicenter cohort
study. Anesthesiology. 2015 May;122(5):1123-41.
doi:10.1097/ALN.0000000000000611.

Treede RD, Rief W, Barke A, Aziz Q, Bennett MI,
Benoliel R, Cohen M, Evers S, Finnerup NB,
First MB, et al. A classification of chronic pain for
ICD-11. Pain. 2015 Jun;156(6):1003-07. doi:10.1097/j.
pain.0000000000000160.

Werner MU, Kongsgaard UE. 1. Defining persistent
post-surgical pain: is an update required? Br
J Anaesth. 2014 Jul;113(1):1-4. doi:10.1093/bja/aeu012.
Chaparro LE, Smith SA, Moore RA, Wiffen PJ,
Gilron I. Pharmacotherapy for the prevention of
chronic pain after surgery in adults. Cochrane
Database Syst Rev. 2013 Jul 24;(7):CD008307.
doi:10.1002/14651858.CD008307.

Keats AS, Beecher HK, Mosteller FC. Measurement of
pathological pain in distinction to experimental pain.
J Appl Physiol. 1950 Jul;3(1):35-44. doi:10.1152/jappl.
1950.3.1.35.

Parkhouse ], Rees-Lewis M, Skolinik M, Peters H. The
clinical dose response to aspirin. Br J Anaesth. 1968
Jun;40(6):433-41.

Keeri-Szanto M. Apparatus for demand analgesia. Can
Anaesth Soc J. 1971 Sep;18(5):581-82.

Sechzer PH. Studies in pain with the analgesic-demand
system. Anesth Analg. 1971 Jan-Feb;50(1):1-10.
McQuay H]J, Bullingham RE, Evans PJ, Lloyd JW,
Moore RA. Demand analgesia to assess pain relief
from epidural opiates. Lancet. 1980 Apr 5;1
(8171):768-69.

Gillies GW, Kenny GN, Bullingham RE, McArdle CS.
The morphine sparing effect of ketorolac trometha-
mine. A study of a new, parenteral non-steroidal
anti-inflammatory agent after abdominal surgery.
Anaesthesia. 1987 Jul;42(7):727-31.

Tracey JB. Postoperative pain. Br Med J. 1976;2:1070.
doi:10.1136/bmj.2.6043.1070-d.


http://dx.doi.org/10.1007/s12630-013-0067-8
http://dx.doi.org/10.1097/j.pain.0000000000000191
http://dx.doi.org/10.1097/EJA.0000000000000319
http://dx.doi.org/10.1097/EJA.0000000000000319
http://dx.doi.org/10.1097/PR9.0000000000000647
http://dx.doi.org/10.1097/PR9.0000000000000647
http://dx.doi.org/10.1067/mcp.2000.108677
http://dx.doi.org/10.1097/j.pain.0000000000000375
http://dx.doi.org/10.1016/j.pain.2004.01.032
http://dx.doi.org/10.1016/j.pain.2005.05.001
http://dx.doi.org/10.1097/AAP.0b013e318217a635
http://dx.doi.org/10.1097/AAP.0b013e318217a635
http://dx.doi.org/10.1093/bja/aen099
http://dx.doi.org/10.1213/01.ane.0000204295.90178.77
http://dx.doi.org/10.1213/01.ane.0000204295.90178.77
http://dx.doi.org/10.1097/ALN.0000000000000611
http://dx.doi.org/10.1097/j.pain.0000000000000160
http://dx.doi.org/10.1097/j.pain.0000000000000160
http://dx.doi.org/10.1093/bja/aeu012
http://dx.doi.org/10.1002/14651858.CD008307
http://dx.doi.org/10.1152/jappl.1950.3.1.35
http://dx.doi.org/10.1152/jappl.1950.3.1.35
http://dx.doi.org/10.1136/bmj.2.6043.1070-d

42 (&) I GILRON ET AL.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Tverskoy M, Cozacov C, Ayache M, Bradley EL Jr,
Kissin I. Postoperative pain after inguinal herniorrhaphy
with different types of anesthesia. Anesth Analg.
1990;70:29-35. doi:10.1213/00000539-199001000-00006.
Dahl ]B, Rosenberg J, Hansen BL, Hjortse NC,
Kehlet H. Differential analgesic effects of low-dose
epidural morphine and morphine-bupivacaine at rest
and during mobilization after major abdominal
surgery. Anesth Analg. 1992 Mar;74(3):362-65.
Vassilakopoulos T, Mastora Z, Katsaounou P,
Doukas G, Klimopoulos S, Roussos C,
Zakynthinos S. Contribution of pain to inspiratory
muscle dysfunction after upper abdominal surgery:
a randomized controlled trial. Am ] Respir Crit
Care Med. 2000;161:1372-75. doi:10.1164/
ajrccm.161.6.9909098.

Gilron I, Tod D, Goldstein DH, Parlow JL, Orr E. The
relationship between movement-evoked versus sponta-
neous pain and peak expiratory flow after abdominal
hysterectomy. Anesth Analg. 2002 Dec;95(6):1702-07.
Erb J, Orr E, Mercer CD, Gilron I. Interactions
between pulmonary performance and
movement-evoked pain in the immediate postsurgical
period: implications for perioperative research and
treatment. Reg Anesth Pain Med. 2008 Jul-Aug;33
(4):312-19. do0i:10.1016/j.rapm.2008.01.003.

Gilron I, Orr E, Tu D, O’Neill JP, Zamora JE, Bell AC. A
placebo-controlled randomized clinical trial of periopera-
tive administration of gabapentin, rofecoxib and their
combination for spontaneous and movement-evoked
pain  after  abdominal  hysterectomy.  Pain.
2005;113:191-200. doi:10.1016/j.pain.2004.10.008.

Joris JL, Hinque VL, Laurent PE, Desaive CJ,
Lamy ML. Pulmonary function and pain after
gastroplasty performed via laparotomy or laparoscopy
in morbidly obese patients. Br ] Anaesth. 1998;
80:283-88.

Srikandarajah S, Gilron 1. Systematic review of
movement-evoked pain versus pain at rest in postsurgical
clinical trials and meta-analyses: a fundamental distinc-
tion requiring standardized measurement. Pain. 2011
Aug;152(8):1734-39. doi:10.1016/j.pain.2011.02.008.
Kehlet H, Dahl JB. Assessment of postoperative pain-
need for action!. Pain. 2011 Aug;152(8):1699-700.
doi:10.1016/j.pain.2011.03.013.

Grosso M]J, Murtaugh T, Lakra A, Brown AR,
Maniker RB, Cooper HJ, Macaulay W, Shah RP,
Geller JA. Adductor Canal Block Compared with
Periarticular Bupivacaine Injection for Total Knee
Arthroplasty: A Prospective Randomized Trial. ] Bone
Joint Surg Am. 2018 Jul 5;100(13):1141-46.
doi:10.2106/]JBJS.17.01177.

Felling DR, Jackson MW, Ferraro J, Battaglia MA,
Albright JJ, Wu J, Genord CK, Brockhaus KK,
Bhave RA, McClure AM, et al. Liposomal bupivacaine
transversus abdominis plane block versus epidural
analgesia in a colon and rectal surgery enhanced recov-
ery pathway: a randomized clinical trial. Dis Colon
Rectum. 2018 Oct;61(10):1196-204. doi:10.1097/
DCR.0000000000001211.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Kissin 1. Patient-controlled-analgesia analgesimetry
and its problems. Anesth Analg. 2009 Jun;108
(6):1945-49. doi:10.1213/ane.0b013e3181ala48]1.
Silverman DG, O’Connor TZ, Brull S]. Integrated
assessment of pain scores and rescue morphine use
during studies of analgesic efficacy. Anesth Analg.
1993 Jul;77(1):168-70.

Dai F, Silverman DG, Chelly JE, Li J, Belfer I, Qin L.
Integration of pain score and morphine consumption
in analgesic clinical studies. ] Pain. 2013 Aug;14
(8):767-77.e8. doi:10.1016/j.jpain.2013.04.004.

Juul RV, Kngsgaard KR, Olesen AE, Pedersen KV,
Kreilgaard M, Christrup LL, Osther PJ, Drewes AM,
Lund TM. A model-based approach for joint analysis
of pain intensity and opioid consumption in post-
operative pain. Aaps J. 2016 Jul;18(4):1013-22.
doi:10.1208/s12248-016-9921-2.

Wheeler M, Oderda GM, Ashburn MA, Lipman AG.
Adverse events associated with postoperative opioid
analgesia: a systematic review. ] Pain. 2002 Jun;3
(3):159-80.

Kehlet H. Postoperative opioid sparing to hasten recov-
ery: what are the issues? Anesthesiology. 2005 Jun;102
(6):1083-85.

Marret E, Kurdi O, Zufferey P, Bonnet F. Effects of
nonsteroidal antiinflammatory drugs on
patient-controlled analgesia morphine side effects:
meta-analysis of randomized controlled trials.
Anesthesiology. 2005 Jun;102(6):1249-60.

Kranke P, Jokinen J, Pace NL, Schnabel A,
Hollmann MW, Hahnenkamp K, Eberhart LH,
Poepping DM, Weibel S. Continuous intravenous peri-
operative lidocaine infusion for postoperative pain and
recovery. Cochrane Database Syst Rev. 2015 Jul 16;(7):
CDO009642. doi:10.1002/14651858.CD009642.pub2.
Apfelbaum JL, Gan TJ, Zhao S, Hanna DB, Chen C.

Reliability and wvalidity of the perioperative
opioid-related symptom distress scale. Anesth
Analg. 2004  Sep;99(3):699-709. doi:10.1213/01.

ANE.0000133143.60584.38.

Nussmeier NA, Whelton AA, Brown MT, Joshi GP,
Langford RM, Singla NK, Boye ME, Verburg KM.
Safety and efficacy of the cyclooxygenase-2 inhibitors
parecoxib and valdecoxib after noncardiac surgery.
Anesthesiology. 2006 Mar;104(3):518-26.

Hah JM, Bateman BT, Ratliff J, Curtin C, Sun E.
Chronic opioid use after surgery: implications for peri-
operative management in the face of the opioid
epidemic. Anesth Analg. 2017 Nov;125(5):1733-40.
doi:10.1213/ANE.0000000000002458.

VanDenKerkhof EG, Hopman WM, Goldstein DH,
Wilson RA, Towheed TE, Lam M, Harrison MB,
Reitsma ML, Johnston SL, Medd JD, et al. Impact of
perioperative pain intensity, pain qualities, and opioid
use on chronic pain after surgery: a prospective cohort
study. Reg Anesth Pain Med. 2012 Jan-Feb;37
(1):19-27. doi:10.1097/AAP.0b013e318237516e.

Alam A, Gomes T, Zheng H, Mamdani MM,
Juurlink DN, Bell CM. Long-term analgesic use after
low-risk surgery: a retrospective cohort study. Arch


http://dx.doi.org/10.1213/00000539-199001000-00006
http://dx.doi.org/10.1164/ajrccm.161.6.9909098
http://dx.doi.org/10.1164/ajrccm.161.6.9909098
http://dx.doi.org/10.1016/j.rapm.2008.01.003
http://dx.doi.org/10.1016/j.pain.2004.10.008
http://dx.doi.org/10.1016/j.pain.2011.02.008
http://dx.doi.org/10.1016/j.pain.2011.03.013
http://dx.doi.org/10.2106/JBJS.17.01177
http://dx.doi.org/10.1097/DCR.0000000000001211
http://dx.doi.org/10.1097/DCR.0000000000001211
http://dx.doi.org/10.1213/ane.0b013e3181a1a481
http://dx.doi.org/10.1016/j.jpain.2013.04.004
http://dx.doi.org/10.1208/s12248-016-9921-2
http://dx.doi.org/10.1002/14651858.CD009642.pub2
http://dx.doi.org/10.1213/01.ANE.0000133143.60584.38
http://dx.doi.org/10.1213/01.ANE.0000133143.60584.38
http://dx.doi.org/10.1213/ANE.0000000000002458
http://dx.doi.org/10.1097/AAP.0b013e318237516e

60.

61.

62.

63.

64.

65.

66.

CANADIAN JOURNAL OF PAIN/REVUE CANADIENNE DE LA DOULEUR @ 43

Intern Med. 2012 Mar 12;172(5):425-30. doi:10.1001/
archinternmed.2011.1827.

Kumar K, Kirksey MA, Duong S, Wu CL. A review of
opioid-sparing modalities in perioperative pain man-
agement: methods to decrease opioid use
postoperatively.  Anesth  Analg. 2017 Nowv;125
(5):1749-60. doi:10.1213/ANE.0000000000002497.
Myles PS, Boney O, Botti M, Cyna AM, Gan TJ,
Jensen MP, Kehlet H, Kurz A, De Oliveira GS Jr,
Peyton P, et al.. Systematic review and consensus defi-
nitions for the Standardised Endpoints in Perioperative
Medicine (StEP) initiative: patient comfort. Br
J Anaesth. 2018 Apr;120(4):705-11. doi:10.1016/].
bja.2017.12.037.

VanDenKerkhof EG, Peters ML, Bruce J. Chronic pain
after surgery: time for standardization? A framework to
establish core risk factor and outcome domains for
epidemiological studies. Clin ] Pain. 2013 Jan;29
(1):2-8. doi:10.1097/AJP.0b013e31824730c2.

Turk DC, Dworkin RH, Allen RR, Bellamy N,
Brandenburg N, Carr DB, Cleeland C, Dionne R,
Farrar JT, Galer BS, et al. Core outcome domains for
chronic pain clinical trials: IMMPACT
recommendations. Pain. 2003 Dec;106(3):337-45.
Dworkin RH, Turk DC, Farrar JT,
Haythornthwaite JA, Jensen MP, Katz NP, Kerns RD,
Stucki G, Allen RR, Bellamy N, et al. Core outcome
measures for chronic pain clinical trials: IMMPACT

recommendations. Pain. 2005 Jan;113(1-2):9-19.
Review. PubMed PMID: 15621359. doi:10.1016/].
Ppain.2004.09.012.

Boers M, Kirwan JR, Wells G, Beaton D, Gossec L,
d’Agostino MA, Conaghan PG, Bingham CO,
Brooks P, Landewé R, et al. Developing core outcome
measurement sets for clinical trialss OMERACT filter
2.0. J Clin Epidemiol. 2014 Jul;67(7):745-53. Epub
2014 Feb 28. doi:10.1016/j.jclinepi.2013.11.013.

Ioannidis JP, Evans SJ, Getzsche PC, O’Neill RT,
Altman DG, Schulz K, Moher D; CONSORT Group.

67.

68.

69.

70.

71.

72.

73.

Better reporting of harms in randomized trials: an
extension of the CONSORT statement. Ann Intern
Med. 2004;141:781-88. d0i:10.7326/0003-4819-141-10-
200411160-00009.

Smith SM, Chang RD, Pereira A, Shah N, Gilron I,
Katz NP, Lin AH, McDermott MP, Rappaport BA,
Rowbotham MC, et al. Adherence to CONSORT
harms-reporting recommendations in publications
of recent analgesic clinical trials: an ACTTION sys-
tematic review. Pain. 2012;153:2415-21. doi:10.1016/
j.pain.2012.08.009.

Smith SM, Wang AT, Katz NP, McDermott MP,
Burke LB, Coplan P, Gilron I, Hertz SH, Lin AH,
Rappaport BA, et al. Adverse event assessment, analysis,
and reporting in recent published analgesic clinical trials:
ACTTION systematic review and recommendations.
Pain. 2013;154:997-1008. doi:10.1016/j.pain.2013.03.003.
Edwards JE, McQuay HJ, Moore RA, Collins SL.
Reporting of adverse effects in clinical trials should be
improved: lessons from acute postoperative pain.
J  Pain  Symptom  Manage.  1999;18:427-37.
doi:10.1016/S0885-3924(99)00093-7.

Hoffer D, Smith SM, Parlow J, Allard R, Gilron I. Adverse
event assessment and reporting in trials of newer treat-
ments for post-operative pain. Acta Anaesthesiol Scand.
2016 Aug;60(7):842-51. doi:10.1111/aas.12721.

Fabritius ML, Mathiesen O, Wetterslev J, Dahl JB.
Post-operative analgesia: focus has been on benefit -
are we forgetting the harm? Acta Anaesthesiol Scand.
2016 Aug;60(7):839-41. doi:10.1111/aas.12729.
Fitzpatrick R, Davey C, Buxton M]J, Jones DR.
Evaluating patient-based outcome measures for use
in clinical trials. Health Technol Assess. 1998;2:i-iv,
1-74.

Williamson PR, Altman DG, Bagley H, Barnes KL,
Blazeby JM, Brookes ST, Clarke M, Gargon E,
Gorst S, Harman N, et al. The COMET Handbook:
version 1.0. Trials. 2017 Jun 20;18(Suppl 3):280.
doi:10.1186/s13063-017-1978-4.


http://dx.doi.org/10.1001/archinternmed.2011.1827
http://dx.doi.org/10.1001/archinternmed.2011.1827
http://dx.doi.org/10.1213/ANE.0000000000002497
http://dx.doi.org/10.1016/j.bja.2017.12.037
http://dx.doi.org/10.1016/j.bja.2017.12.037
http://dx.doi.org/10.1097/AJP.0b013e31824730c2
http://dx.doi.org/10.1016/j.pain.2004.09.012
http://dx.doi.org/10.1016/j.pain.2004.09.012
http://dx.doi.org/10.1016/j.jclinepi.2013.11.013
http://dx.doi.org/10.7326/0003-4819-141-10-200411160-00009
http://dx.doi.org/10.7326/0003-4819-141-10-200411160-00009
http://dx.doi.org/10.1016/j.pain.2012.08.009
http://dx.doi.org/10.1016/j.pain.2012.08.009
http://dx.doi.org/10.1016/j.pain.2013.03.003
http://dx.doi.org/10.1016/S0885-3924(99)00093-7
http://dx.doi.org/10.1111/aas.12721
http://dx.doi.org/10.1111/aas.12729
http://dx.doi.org/10.1186/s13063-017-1978-4

	Abstract
	Abstract
	Introduction
	Traditional Pain-Related Outcome Measures in Postsurgical Pain Trials
	Pain Intensity and Pain Relief
	Rescue Opioid Consumption

	Future Considerations for Other Outcome Measures
	Needs for Improvement in Postsurgical Pain Trials
	Do We Need More Outcome Measures?
	Safety Outcomes in Postsurgical Pain Trials

	Conclusion
	Disclosure statement
	Funding
	References

