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Preface

| have led all phases of the research projects presented in my thesis including the design of the
research questioassembhg a multidiiplinary teamprganiang andplaming meetings,
organizingrelevantfunding applicatios, anddeveloping thelissemination plan. A detailed
description of my contributi@andcontributiors of co-authors for eacphasds presented in the

preface and contribution section of each manuscript presented in this thesis.



Abstract

For close to a century, opioid administration has been a standard of care to complement
anesthesia during surgery. Considering the worldwide opioid epidemic, this practice is now
being challenged and opioid alternatives are being used (eg. opioid migsirtegies)As
such,there is a need to generate evidencéhereffectiveness and safetyagioid alternatives

with a focus oroutcomes that are the most meaningful to patieatpétientcentred) My

proposed research progracalledOptimizing Patientcentred outcomedsing opioid
minimizationStrategies QPUYS), directly addresses thevidence anénowledge gapvhile

focudng on four of the top ten perioperative research priories in Canada (i.e. impact of reducing
opioids during anesthesia, pain control after surgery, how can pesietned outcomes be
improved, and longerm side effects of anesthesi@ihe ultimate objectiveof OPUSIs to assess

the effectiveness of promising intraoperative pharmacologic opioid alternative (opioid
minimizing) strategiethrough pragmatic clincal trially thesis represents foundational studies
needed to meet this objective. | havesynthes&zed evidence from clinical trials assessing the
patientcentred effectiveness pharmacologic intraoperative opioid minimization strategies in
adult surgical patientand assessithe effectiveness of a promising opioid minimization
pharmacologic strateg)a s sessed Canadian anesthesiologi st
opioid minimizing practices used adult surgical patients, ar8) designed a pilot multicentre
pragmatic RCT to asse8®efeasibility of conductingalargetrial in Canada to improveatient

centred outcomes among adult surgical patients.
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Chapter 1. Introduction

1.1 General anesthesia

1.1.1 Epidemiology

Each year, 300 million surgical procedures are performed worldwide withifggigoing
general anesthestd& Perioperative care safetyncluding general anesthesias improved
drastically during the lagi0 yearsAt the international leveberioperative mortalithas
decreased significantlyith around34 deaths per milliorf95% confidence interval [CIR9 to
39)in surgical casebetween the years 1990 and 20€@mparedo 357 permillion (95% Cl,
324 to 394)n surgical casebefore 197¢ However, patienéxpectations in terms of quality of
care quality ofrecovery experiengand analgesiare increasingvhile the need foshorter
hospital lengtk of stayis also a priorityConsidering the increasing dematioe aging
population? andthelimited availableresources the importance of findinqinovative solutions

in order to provide efficient and high quality of caeritical.

1.1.2 Definition

General anesthesia Based on the American Society of Anesthesiologists, general anesthesia is

clinically defined as:

A A s twhithepatients are not arousable, even by painful stimulation. The ability to
independently maintain ventilatory function is often impaired. Patients often require
assistance in maintaining a patent airway, and positive pressure ventilation may be
requiredbecause of depressed spontaneous ventilation ofintluged depression of

neuromuscular function. Cardiovascul ar f u

Physiologically, this state can be identified as a pattern of slower frequency and higher wave
amplitude on the electroencephalogram (e.g. a monitor that records brain at@®etygral

anesthesia ialso considered reversible state of dreigduced unconsciousnégsisually



composed of three subsequent clinical phases, namely the induction (i.e. phase during which the

patient loses consciousness), maintenance (i.e. stable anesthetic phase during which a procedure,

such as a surgery, can be performed), and emergence (i.e wiasthe patient regains

consciousness).

1.1.3 Objectives

The ultimateobjectiveof general anaesthesia isfazilitate and allow for theonductof a
procedure€.g.a surgery) while the patient is unconscious pingsiologicallystable Specific
objectivesof general anesthesia for patients undergoing suayetp provideakinesia(i.e.
absence of movemengmnesidi.e. absence of memorylinconsciousness, atmimaintain
physiological stability (cardiovascular, respiratory, #mermoregulatoryy.” Pain management is
also frequently initiated while the patient is under general anesthesia in ofaalfitate
postoperativpain management(i.e. preventive analgesi&) Analgesia(i.e. providing pain
treatment)s, howevernot achievableluring general anesthesiansideringhatpainis a
subjective experience that cannot be experienced while a patigrdossciousBased oran
establishegbain definition provided by thimternational Association for Study of Pain (IASP)

pain is:

Al An unpleasant sensory and emotional experience associated with actual or potential

ti ssue damage, or desctlibed in terms of

Thisiswhyinoci ception (i .e. pain transmfpasi on)

managemeitprovidedduring general anesthesfa

1.1.4 Pharmacologic component of general anesthesia

To achievdahespecific objectives (section 1.c) while minimizing adverse effesteciated with
the use oh single pharmacologic agergeneralanesthesia is usualgpnductedusingmultiple
pharmacologi@gents. Thiss referred tasii b a | a n c e d ?&hnee typeshoé dsuigsee O .

commaly used for this purpos@amely anesthetidhypnotics {.e. propofol, anesthetic ga



etc.),paralytics (depolarizing onon-depolarizingneuromuscular bloékg agenty and adjwants
(opioids andbpioid alternativesdpioids minimization strategips Adjuvants argoharmacologic
strategies used as a complement to the other classes of agents to help aeluewsooa
specific objectivegsection2).1? Opioidsarethe most frequently used aspnts largelybecause
they offera simple approach for providing a stable anesttasiaalso due teomebelief that

they potentiallyimprove postoperative recovegnd analgesi&

1.2 Opioid use during general anesthesia

1.2.1 Definition and classes of opioids

Opi oi ds ar e ina t-gymhetic chemicala thah ietdractavithampioidseeeptors on
nerve cells in the body and brain, and reduce the intensity of pain signatdl as théeeling of

p a i4There are three main classepfoids namely thenaturally occurringi(e. morphine,
codeine, thebaine and papaverine), sgynithetic {.e. diamorphinedihydromorphine
buprenorphine, and oxycodone) and synthetic compouedefitanyl, alfentanil, remifentanil,
sufentail, etc).Opioids can also be classified according to the type of opioid receptor they bind

with (e.g.mu, delta, antbr kappa) whichis linked to theirclinical effecs (Table 1)16:17

Table 1.Classification of opioid receptos and main clinical effecs'®:

Type of Mu Delta Kappa
receptor
Clinical Analgesia Analgesia Analgesia
effects Euphoria Depression of ventilation | Dysphoria
Physical dependence | Physical dependence Sedation
Miosis Constipation Low abuse potential
Bradycardia Urinary retention Miosis
Hypothermia Diuresis
Urinary retention




Opioid receptors arprimarily located in the central nervous system, namely in the brain
(periaqueductal gray, locus coeruleus, and rostral ventral medulla) and in the spinal cord
(interneurons and neurons in the dorsal habnitside the central nervous system, thegdss a

small quantity of opioid receptors on immune cells, gastrointestinal cells, and sensory neurons

explaining their multisystemic effect

1.2.2 Potential lendits associated witlopioid useduring general anesthesia

For over fifty yearsntraoperative opioid administration has been recognized as a standard of
careadjunct togeneral anesthesia for patients undergoing suf§@wring general anesthesia,
opioidHmain mechanism of actias the blockade of pain recepsdnociceptor) through

binding of opioid receptarin the brainstem and the spinal cord which reduce sympathetic
reactionto stimulus {.e. surgical incision, endotracheal intubation, et®?.Clinically, this can
help maintain overall patient stability (heart rate, blood pressure, metabbkchenetifs of

intraoperative opioid use on postoperative pain management are, however, uit€rtain

During general aresthesiain an opioid naive patientpmid usereduce the risk of tachycardia
(increasd heart rate) by enhancing cholinergic input to the sinoatrial node in the heart which
slows down heart rat@-?4This effect can furthefacilitate maintaininghemodynamic stability
(stable blood pressure and heart rdt&ng surgery?2° There are also other shaerm clinical
advantages of usingpioidsas an adjuantduring general anesthesia, suclbasting gag reflex
induced by thendotracheal tubesertion (i.e. intubation during the induction phase) or
withdrawal (ie. extubation during the emergence ph&séyeducing theisk of patient
movement, andeducing totafjeneral anesthetic requiremgfft Opioids also have an effect on
the respiratory system by three main mechasisramely a decrease in respiratoaje (effect

on the brainstem), sedation (effect on the hypothalamus) and assorepper airway muscle
tone leading to upper respiratory tract obsutructforhese mechanisms araportant to note
sincemost opioidrelated deaths are due to respiratory depression (i.e., opthided

ventilatory impairment§? Respiratory depressiongenerally of little importance during general
anesthesias ventilatory parameters can be contrqllemvever opioids given while the patients

are under general anesthesia can have sustained effects following the emangeace



1.2.3 Potential harms associated with intraoperative opioid use during general

anesthesia

There are potential impacts from opioid use during surgery on patissimes andxperience

after surgery®32 Opioids that are used during the intraoperative period are extremely potent
(e.g. fentanyl is approximately 100 times more potent than morphine), thus leading to an
increased risk of opioid toleraréé* and hyperalgesta3® 3¢ (i.e. higher pain intensity for the
same stimulus), which in turpanincrease shoitierm opioid needs after surgdmean
difference[MD] of oral morphine equivalerfor complete introperative opioid avoidance vs
intraoperative opioid use6.00 mg, 95% C1#8.52 t0-3.48)3"*8Based on a 153 902 participant
observational study conducted in the United States, there is also an increased rHg&yf 30
hospital readmission when higher intraoperative doses of opioids are used compared with lower
doses (OR: 1.75, p< 0.001¥ This observed increased risk of hospital readmissiorsis al
supported by the fact thapioid-related adverse effects (i.e. vomiting and ileus) areaatsang

the mosfrequent reas@for unplannechospitalreadmission after surgefy*' and there is an
established doseesponse relationship between opioid use and opédaded adverse effects.

As a corollarycomplete avoidance of opioids during surgery is associated wetthuation in
postoperative nausea and vomiting (odds ratio [OR] 0.32, 95% CI1 0.22 to 0.46) as well as a
reduction in postoperative shderm opioid use based on a systematic review of 26 randomized
controlled trials®?*8 Despite these insightthe impact of opioid use during surgeryarerall

health (vell-being,functional outcomes, patient satisfaction, impact on ability to perform daily
life activities, and quality of lifeafter surgery and anesthesgamnains uncertaiand under

studied30-36.39,4%6

1.2.4 Context of the worldwide opioid epidemic

In Canada, one million surgical procedures are performed annually and approximatgly 2%
adult surgical patients (who were not previously using opioids) develogdomgpostoperative
opioid use. This conservativelisanslates into 20 000 new patients every year with-teng

opioid dependence after surgerP® Opioids administered during perioperative care have been



identified as an important risk factor for loterm opioid use after surge$yThis opioid use
creates a supply source in the community that is subject to diversion, increased ilfitfeuse,
overdose and deatf%%® Notably, perioperative opioid exposure often begins during the

intraoperative period318

To date, there are no established effective interventions to prevent postoperative persistent opioid
use and dependence in previous opitadve surgical patients. Some candidate interventions

have been identified as promising, such as thets®bile interactive applications providing

advice on pain medication u&gostoperative physiotherafyand protocol implementation to

reduce opioid prescriptior?d 6%7°following hospital discharge. However, the level of evidence

is weak for each of the interventions and the role of pharmacologic interventions during the

intraoperative period to reduce lotgym opioid use remains unknown.

1.2.5 Clinical Guidelines aniRecommendations

For patients under general anesthespacificclinical guidelines and recommendations on
effective and safadjwart intraoperativepharmacologic strategies (opioidrn-opioid
alternatives) do not currently exist’?In general, opioids are controlled drugs that should be
administered only when necessary, for the shortest amount of time possible, and with the lowest
effective dose, based on the 2017 Canadian Guideline for Opioid Themapyell as th2022
Centers for Disease Control and Prevention (CDC) Clinical Practice Guideline for prescribing
opioids for painlambulatory setting)* ’® For patients receiving general anesthesia, this
recommendation is challenging to apply, as there is no valid monitoring t@tevabaciception

(i.e. pain transmission) or reliable clinical signs of nociception to guide opioid
administratiorf:"1.720f note, the level of evidence that supports perioperative recommendations
in North America and Europe is generally &% The methodological quality underlyirige
Enhanced Recovery After Surgery Society (ERAS) guidelinesitamational and widely
approvedyroup in perioperative medicinis,alsolow.”® Important methodological weaknesses
identifiedarethe frequent absence of a priori analytical plan and the lack of stakeholder

involvement, limiting applicability of the findings.



1.2.6 Practices during generahesthesia

Opioids arestill the most frequent adjuvant used during surgeheréarehoweversignificant
changes in practicesnong anesthesiologisBased on the results from a 1,104,324 pigaict
multicentre(n=10 institutionspbservational cohort study conducted in theted Sates, there
has been a decrease in opioid use during general anegtieesipproximately 15% decrease in
the mean quantity of opioids administered during surgery between 2012 and2lMiée is
alsoasignificant variation in practicghatremains unexplainedPotential contributors to this
heterogeneity in practices wesex (increased opioid administration in women comgarigh
men), procedurgypes, the use of nowpioid alternativesandthe type ofinstitutiors.”® These
findings were also supported by other large observational cohort sti8iesilar heterogeneity
in practices have been observed for opioid andapaid analgesic regimen prescriptiafter
surgery®! There is howevera lack of data to informapioid and opioid minimization strategies

amongCanadian anesthesiologistsring general anesthesia

1.3 Opioid minimization strategies during general anesthesia

1.3.1 Definition and classes of opioid minimizatistrategies

Over the last two decades,the context of an increased awareness about eptated adverse
effects (section 2.cjhere has been an emergence of opioid minimization strategies (i-€., non
opioid alternative strategies to complement general anestseajuvant? Opioid
minimizationstrategiesre strategieaimedat reducing or eliminating opioid use during

anesthesiand theycan be classifiethto pharmacologic or nepharmacologic strategiés.
1.3.2 Non-pharmacologic strategies
Non-pharmacologic strategiesefurtherdivided in two broad categories, namely physical

interventions €.g.acupuncture, physical therapy, therapeutic exercise, yoga, bracing, heat, cold,

elevation, compression, chiropractic interventions, massage, manual therapy, transcutaneous



electrical nerve stimulation, and pulsed electromagnetic field therapy) and hebboro
psychological intervention®(g.positive affirmations, cognitive behavil therapy,
acceptance/commitment therapy, mindfulness, distraction, guided imagery, meditation,
biofeedback, relaxation, hypnosis, breathing exercise, and energy h&alihgfeasibility and
level of evidence to support the perioperative ussoofpharmacologic strategiés however,
very low#8andimplementation ofmostof these interventions can be challenging and

sometima impossible for surgical patientmder general anestheéfa.

1.3.3 Pharmacologic strategies

Pharmacologic strategies dtetherdivided in twobroadcategories, namely invasive and non
invasive interventiondnvasive strategiesuch as regional analgesia (peripheral or central nerve
blocks) require technical expertisad their effectivenedsave been demonstratedsipecific

surgical contexfe.g.labor andgastreintestinal surgesf-?). In these surgical contextthe

use of invasive opioid minimizing techniqués associated witpain reductionimproved

intestinal transit recovergndhospital length of stay reductié®?® However, this type of opioid
minimization strategy is not always feasible (i.e. procedure in anatomical location not accessible
with block) or indicated (i.e. bleeding disorder inciegsisks associated with the procedure).

Thus, there isn obviousneed for strategies thaeanbe used routinely.

Non-invasive fharmacologic opioid minimization strategiesludea diverse and large number
of classes of opiotininimization interventionsThey are defined adternatives or complements
to opioids(e.g. general anesthetic adjuncts), with antinociceptive propeh#s;an be used to
minimize opioid administratioPt These agents includbutarenot limited to):N-Methyl-D-
aspartateeceptor antagonis{e.g. ketamine, magnesiun@nticonvulsargt(e.g. gabapentinoids)
acetaminophen, corticosteroids, alghadrenergi@gonistqe.g. dexmedetomidine, clonidine)
betaadrenergic antagonists, antidepressants, nonsteroidahatmatory drugs,

cannabinoids, methylxanthine adenosine receptor antagamisisodium channel blockef$.2?
Most of these classes of agentsiameeasinglyused during general anesthesia to reduce opioid

use and potentially improve clinical outcomes after surgery.



1.3.4 Potential benefits associated with the use of pharmacologic opioid minimization

strategies

Overall, opioidfree anesthesia (compledggoidance of opioids during general anesthesia while
using opioid minimizing strategies) is feasiblesome surgical contexaind has gained
increasingnterest over the last decatf¢*However,evidence to suppodinically meaningful
benefit for patients hasot been establishéd32.°>%Results frona systematic review and
metaanalysisof 23 randomized controlled tr&a{n=1304 patients) comparing opieiicce
anesthesia with opioithclusive anesthesia showed no difference in postoperative acute pain
(mean differencéMD] =-0.2; 95% CI-0.5 to 0.2) and no clinically significant difference on

other secondary outcomés.

To assess the effectiveness of specific opioid minimization strateggesus reviews and
randomized controlled trials (RCTs) have focused primariltherevaluation oindirect patient
outcome measures (e.g. shiatm quantity of opioids administered) or unidimensional
instruments (e.g. pain intensity assessment or hemodynamic stdbititg336 71,72.81,9209

Results have suggested that opioid alternatives can reducgeshordpioid use during and after
surgery. Howevertthe impact from opioid alternatives used during or after suttferg long

term opioid use as well as on outcomes that are most meaningful to patients (i.ecpatiet
outomes) are not well knowf Results froma systematic review synthesizing published meta
analyses assessing the effectiveness ofapoid pharmacologicalerioperative interventions
revealed a critical need for high quality metsalyses in this aréd Among the 17 published
studies included, most of them were of low (n=9) or critically low (h=6) methodological quality
and only on&'!was rated as high quality based on AMSTF&Rritical appraisal tocdnd one as

moderate quality*?

1.3.5 Potential harms associated with the use of pharmacologic opioid minimization

strategies

Opioid minimization strategies can also be associated with adverse espatsally when they

are adopted before there is sufficient evidence about their risks and bérefégzample,

9



compared with usual care, gabapentinoids were shown to be associated with an increased risk of
respiratory depression when-administered with opioids as well as an increased incidence of
dizziness, visual disturbance, and dependence disBédét!1® This representsin opioid
minimization strategy that was routinely usedlaffel(i.e. use of an approved drug for an
unauthorized indicatiorfpr perioperative care worldwide and its perioperative use is now being
discouragednd deimplemented!’ This example emphasizes the importance of careful and
critical evidence appraisal of opioid minimization strategies before recommending their
utilization, and the need to apply rigorous methods to assess possible laenifgks. Other

opioid minimization strategiesere also shown to kessociated with adverse events, such as
bradycardiarisk ratio RR] for bradycardia for alpka agonists compared with placebo: 1.88,

95% CI 1.35 to 2.6 nightmares (4% absolute increase in the risk of nightmares with
intraoperative ketamine compared with placebo [p= 0.83}elayed awakeninffime for

recovery of orientation after general anesthesih magnesiunctompare to placebo

standardize mean difference [SMD] 1.13 min, 95% CI 0.83 to) 1a418l potential increased in
postoperative chronic pain (corticosteroid compared pldabebo [relative risk: 1.2, 95% CI 1.06

to 1.41).22°However, the clinical significance of these potential harmful adverse events remains

unclear.

1.4The Emergence and Importance of Patiéahtred Outcomes Anesthesiology

141 ATradi ti onal 0 Anesthasiac a | out comes in

In anesthesiology and perioperative research, traditional clinical outcomelsutgghgbeen

Apr oxiecer i co, me a rapriorgy for thegtoviderhbetyot meeessarily for
patientgparticipants in trialsFor example, sheterm opioid administratiorhospital length of
stay, andacutepain intensityusing unidimensional pain scale€(visual analogue scglewere
among themost frequently assessed outcome measanerevious studies, providing conflicting
results that could not be applied to the patient bed8itlg456:71.72.81.9109 Acuyte pain
management after surgerysisll a major clinical challenge and is one of the most important
perioperative endpoints for surgical patients. However, the reliance on unidimensional pain

scales (i.e. visual analogue scalt®) assess pain intensity (for research and clinical care) is

10



neither valid or reliabfé! and not patiententred-?>123Indeed, the use of pain intensity score
reduction as a unique goal for postoperative pain management without considering the patients
overall recovery (e.g. functional recovery and adverse effects) can paradoxically harm the
patientt?1:12412% Thijs type of pain management frequently results in ome@use:3®13!This is

why postoperative pain management should be guided and balanced by the following three main
components: pain intensity reduction, functional recovery and minimization of adverseéffects.
The evaluation of shoterm opioid use caalso bemisleading due to indirectne@se., surrogate
outcome that is not directly important to the patiéftfror example, a reduction in opioid
administration during the immediate postoperative period can be caused by pain relief, but it can
alsobe caused, for instance, by increase iopioid-related adverse effectsg, dizziness,

nausea, respiratory depression, edod the amount of opioid administered being reduced

accordingly Interpretationofit r adi t i o rcanlbe&eryachallengmgresdimprecise

1.4.2 Patientcentred outcomedlinition and classification

In light of the weaknesses indirect and unidimensional postoperative outcome measures,
patientcentred outcomes are recommended as they provide a holistic portrait of the patient
experience. The importance of multidimensional and patientred outcome assessment is
emphasized by multiple international sociefi#gpatiens with lived experience identified
priorities 134136 and guidelines such as tAenerican Society for Enhanced Recovery &
Perioperative Quality Initiative Joint Consendtias well as The International Association for
the Study of Paif3®

Based on the Patie@entered Outcomes Research Institute (PCORI), patesrieredness refers

to Athe extent t o whmaking ndedseandxhamdteistics of patients arel e c i
a d dr e'¥m pedoparative cargatientcentred outcomeslassificationandguidance orthe

most important outcome measures and instruments to be used have been established by the
Standardised Endpoints in Perioperative Medicine initiative (&2BRMPAC group) following

the Core Outcome Measures in Effectiveness Trials (COMET) recommenddtidnie 1)138140

A total offive outcomemeasure domains wereidentified: patient satisfaction, patient wdiking,

healthrelated quality of life, functional outcome, and life imp&ét+?>These outcome measures
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have been deemedds sent i al to capture the patientds
including pain and pain impact on daily lind they are also multidimensionialit theyremain
critically underrepresented ainical practice guidelindg®143and quality and safety indicators

in the perioperative fielét* For each outcomef thefive domairs, the StEERCOMPAC group

also provide recommendations on tispecific validatednstruments that should be prioritdzt®
capture this component of patient recovery after surgdry.importance o& holistic approach
when assessing pain and recovery after sudgasglso been highlighted by patients, patient

advocats, international expert societies, and other interested pafti€¥.136.145,146

Table 1. SEERCOMPAC group recommendations for patientcentred outcome assessments

in perioperative clinical trials***and our prioritization order tailored to pharmacologic

interventions
Patient-centred outcome domains
Patient wel Health Functional Patient Life impact
being related outcome satisfaction
quality of life
Instruments to be | Quality of EuroQol 5 WHO Bauer Days alive
prioritized based | recoveryl5'4’ | Dimension, | Disability patient and out of
on StEP five-level Assessment | satisfaction | hospital after
COMPAC version with | Schedule measuré®® | surgery (at 3Q
recommendations visual version 2.0 days and one
analogue 149 year) and
scale'*® discharge
destination

1.4.3 Patientcentred outcommeasuresecommendations

It is recommended to report at least one patentred outcome measure in all perioperative
trials basedon theStERCOMPAC group recommendatiot8.These recommendations are also
aligned with the findings from the American Society for Enhanced Recovery & Perioperative
Quiality Initiative Joint Consensd$In addition to accounting for patient perspecsiire

research, these outcomes further promote shared denisking and can also be used as

metrics for quality of care?#12¢ Understanding which patieentred outcomes habeenand

12
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have not been evaluated is criticahtaking informed decisions on the effectiveness of opioid
minimization strategies and for informing future reseaféf° There isalsoa growing interest
for patientcentred outcome measures in perioperative research to improve relevance and
applicability of findings!6:124.127,151,152

1.4.4 Patientcentred outcomes and opioid minimization strategies

Among the few trials and reviews that have been conducted to assess thefrigeaxbperative
pharmacologic interventions on patiagntred outcome$3 resultssuggesthat some strategies
could improve patients overall health after surgérynetaanalysis ofive trials showed that
perioperativadexmedetomidine infusion was associated with a clinically significant
improvement in the quality of recovery after surgery (mean differgvbg = 15.71 on a 40
point scale; 95% C]0.43 to 3], low quality of evidence}?* Similar findings were also found
for intravenous local anesthetiesas well as perioperative magnesium administration during
mastectomy> However, the level of evidencemaindow andunderstandingvhich

interventions are most effective and in whazintext of perioperative care remains uncféa®

1.5Thesis objectives:rpposed methods, approach, and research question

1.5.1 Description of the overall objective and methods

My thesis will adopt a programmatic approach to craeatesearch program call€ptimizing
Patientcentred outcomedsing opioid minimizatiorStrategies QPUS). The OPUS program

will include the design and execution of a comprehensive scoping review, a national survey, a
systematic review, and t he ehawel fompletwitcad f a 0
trial. Main objectives will be to describe evidence, knowledge gaps and determine the patient

centred effectiveness of pharmacologic opioid minimization strategies. My thesis work will also
helpto evidencanform the planning of a large pragmatic clinical ttf@twill focus on the

patientcentred effectiveness afpromising opioieminimizing intervention during surgery in

adult patients

13



1.5.2 Rationale

In light of the worldwide opioid crisis, and evidence regarding chronic postoperative use, the
routine administration of opioids during and after surgebeiag challenged and-re

evaluated®’ Multiple identified knowledge usersigalth Canada, Choosing Wisely Canada,
SolvingPain)%815°have advised that opioid minimization strategies be developed and carefully
assessed using an approach involving patients and key stakeholders, as well as assessing patient
centred outcomes. The use of opioid minimization strategies must, however, meewdsed.

The focus on intraoperative opioid minimization strategies was confirmed as a patient and
caregiver priority in Canada as determined by the recent James Lind Alliari€ariadian
Anesthesia Research Priority Setti§in addition,my program addresses 4 of the top 10
perioperative research pritds in Canadé@mpact of reducing opioids, pain control after

surgery, identification of factors that improve patieahtredoutcomes, and longerm side

effects of anesthesi)®

1.5.3 Specificobjectivesfor eachthesis project

Objectivel - Scoping ReviewFrom published trialgdentifying and mapping a) potential

pharmacologic intraoperative opioid minimization strategies, and b) outcome measures and tools
to assess patieentred outcomes after surgeeyd.the postoperative quality of recovery,
quality of life, functional recovery, etc.). Through these effonta]l identify gaps in literature

as well as promisingpioid minimization strategies

Objective2i Systematic RevienwSynthesizing available knowledge by assessing effectiveness

of a promising opioid minimization strategyentified inObjective 1 This will synthesize
current knowledgedentify knowledge gaps, and inform critical decisions for the first clinical

trial (e.g. patient population, dose and timing of intervention, etc.).

Objective3-SurveyAssessing Canadian anesthesiologists:i

minimizing practices used among adult surgical patiémdl describetheknowledgeto-

evidence gapbly compamg Objective 3 withObjective 1 and 2).
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Objective4 i Pilot Trial Protocol Designinga pilot multicentre pragmatic RCT to assdiss

feasibility of amulticentre randomized clinicédial in Canada. This pildRCT will assesghe
feasibility of a large multicent RCT to assess the effectiveness of the leading opioid
minimization strateggtrategiesnformed byobjectivesl-3 forimproving patienicentred

outcomes (i.equality of recovery)compared with usual care in adult surgical patients.

1.5.4 Approach: Integrated knowledge translation

Across all aims and stagesmaf research progranmwill use an integrated knowledge

transl ation (i KT) appr oac hThécardgra gremsaof iKThie Cl HR
that involving knowledge users as equal partners alongside researchers will lead to research that

i s more relevant and mor e | i KHwilbgfollowingthe usef ul
principles from the CIHRGuide to Knowledge Translation Plannit§ andwill be using a

partnership focused approahl identified key Canadiaimterested partiegsee Figure 1,

Chapter Sor partner organizationgo be part of our initiative through stakeholder analysis,

using nominal group discussion and based on the toolkit developed by the World Health
Organization (WHO}%2163Interested parties were chosen based on their high level of influence

and to represent our target audience; anesthesiolquasiesnt partnerssurgeons, nurses, policy

makers, patients, pain experts, researchers, and research fdhdeili.create unique

opportunities for interacti@between different levels of stakeholders including our patient

partners that will be embedded in the design ofresearch progrant®166
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ChaptMan@2scrHmgagli ng patients

anest heseiscelaoggyn: a rewarding f

2.1 Prefaceto manuscript 1

An important component of my integrated knowledge translation approach is patient engagement
(i.e., involving patiergas partnesin research)l amthuscollaborating with four patiergartners

(i.e., patient panelyith lived surgical experience as research team members-foeatingmy

research program on intraoperative opioid minimization strategies and fzaireered outconse
Considering the importance of patiar@ntred outcomes in the research program and the need to

involve the community in patierdriented research, this partnership was instrumental.

In thisreflective articlel summarize important principles for patient engagement in
anesthesiology research based on our experience of applying the established CIHR Strategy for
Patient Oriented Research framework. Specificaéllescribe our patient engagement approach

for thefirst phase of our research program; a scoping review aiming to identify potential
promising opioid minimization strategies to be used during general anesttastprovide

resources and guidance to help other anesthesitdggggientsand researchete involve patient

partners in their research project.

| co-presentedhis workat thePatient Partner Town Hall of The Ottawa Hospital (TOH) on
March F'2023 with the patient partner panel (4 patient partners who participated in this
collaborative work)! alsoco-presented with Megan Graham in front of the Quality

Improvement Committee of The Ottawa Hospital (TOH) on Janudf2093.

This reflective letter was published in the Canadian Journal of Anaesthesia:

VerretM, Fergusson DA, Nicholls SG, Graham M, Zivkovic F, L& M, et al. Engaging patients in
anesthesiology research: a rewarding frontier. Canadian Journal of Anesthesia/Journal canadien
d'anesthésie. 2023.
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It was alsadisseminated through the SPOR newsletter (DecemBe2023)
-https://suivi.Ink01.com/v/443/a0f77b8725d5af2f4aecb7d4365a80f0aa6clbfale8cl6dd
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2.2 Manuscript 1
Engaging patients in anesthesiology research: a rewarding frontier

Short Title: Patient engagement in anesthesiology research
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Mclsaact? Manoj Lalul?4
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Implication Statement

Our reflective letter presents a Canadian example of patient engagement in anesthesiology
research. We hope this example of early engagement promotes this practice among other
researchers conducting anesthesia research in Canada and elsewhere and spetiersige

partners to accept and advocate for such opportunities.
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Patient Oriented Research in Anesthesiology

Patientoriented research is an emerging approach that engages patients, clinicians and
researchers to ensuresearch studies focus on patigtentified priorities aiming at improving

patient care and outcomgl.From a clinical perspective, involving patients in medical

decisions is required by law and professional code (ie. informed consent). Informed consent
requires evidence that is pertinent to the decision at hand, but also information that is deemed
relevarn by the decision maker (the patient). Despite the importance of research in providing
evidence to inform such clinical decisions, engaging patients in clinical research is not frequently
done, is often suboptimal, and is certainly not required by rego$agind good practice. The

failure to engage patients in clinical research has led to large swathes of research that neither
addresses patient priorities nor collects data on outcomes that are meaningful to patients and their

families.

This paradox is highly relevant to the field of perioperative research. Indeed, the low quantity
and quality of the involvement afterested parties in perioperative care guidelines development,
including the incorporation of patient preferences, was identified as a methodological weakness

in North America and European guidelines for anesthesiolq@ists.

Internationally, patierbriented anesthesia research is gaining traction with large pragmatic trials
such as REGAIN3) evaluating effectiveness based on patesritred outcome assessment (in

that case assessing the effect of general versus spinal anesthesia on death or inability to walk 10
feet independently following repair of hip fracture). However, documented exaoiglasent

oriented research in anesthesia remain few and far between. Results from a systematic review
showed thathe prevalence of patient engagement in interventional research is very lol@ssith

than 1% of published trials having meaningfully inxed patient¢4) In Canada, priorities in
patientoriented anesthesia research were recently determined vatnes Lind Alliance

process by th€anadian Anesthesia Research Priority Setting Partner@)iphe Canadian

Anesthesiologistsd Society, the Canadian Peri

others supported a multidisciplinary panel (inclusive of patients and caregivers) to generate a
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top-ten list of patienbriented research priorities. This important initiative is intended to act as a

roadmap to guide Canadian patiemniented research in anesthesia and perioperative medicine.

Our team has taken up this call to action by developing a research program to identify
intraoperative pharmacologic opioid minimization strategies that could alter pegietnéd

outcomes after surgery. In order to identify and assess these strategiesfinst conducting a
scoping review that will inform planned surveys, systematic reviews, and ultimately a pragmatic
randomized controlled trial of an opioid minimizing intervention. Our program addresses three
important priorities from th€anadian Anethesia Research Priority Setting Partnerhsip
namelytheimpact of reducing opioids during anesthesia, pain control after surgery, and long
term side effects of anesthesia after surg®yyn order to ensure that our review is relevant to
adult patients undergoing general anesthesia and who might be receiving opioids, we made an
early decision to partner with patients to collaborate ancteate our scoping review. In an

effort to promotehis approach and provide a Canadian example of patient engagement in
anesthesiology research, we describe our effo

process, that is to meaningfully and actively collaborate with patients as partners.

Patient Engagement in Healthcare Research

Patient engagement is an important component of quality and relevance in healthcare

research{6-8) While we use the term patient engagement here, terms such as patient

consultation, patient and public involvement (PPI), or public participation, may be used
synonymously. However, the terms used locally may vary depending on jurisdiction and in some
caseshe same terms may have differing mear{thg®) We chose to define our work based on

the Canadian Institutes of Health ResedfZhHR) taxonomy as our project was developed in
Canadgql10)TheCIHRd ef i nes patient engagement as fian af
potentially contribute to every stage of the research process, including governance, priority

setting, and conduct of research. They can also summdistebute, share, and apply its
resulting knowledge (i.e. the proce®3% known a
Importantly, research is conducted with patients as true partners in the process, and the research

is not done fAtoodo or Aforo them specifically.
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aims to increase relevance and applicability of the research to patients, caregivers, and families.
The growing evidence indicates that patient engagement can help refine research questions and
protocols, improve recruitment in clinical trials by makinga@ach more patiementric, and
facilitate shared decisiema ki ng at the patientdés bedside by
evidencgl1l, 12)Moreover, the ethical and moral imperative for involving patients in research is
clear as patients are the ultimate users of healthcare research; they are the beneficiaries of

clinical care(13)

How Can we Apply Patient Engagement in Anesthesiology Research

As an exemplar, we engaged with patient partners in the preliminary phase of designing our
research program (eg. a scoping review to inform next phases of the prdg@asg.on the
World Health Organization toolkit for stakeholder analysis, patients were identified as a key
interested party for our initiativied4, 15)thus wesought to form a panel of patient partners to
join our investigative teanWWe, as a group of researchers and patient partners, designed a
patientoriented scoping review to describe the current evidence from randomized controlled

trials (RCTs) assessing the effectiveness of intraoperative opioid minimization strategies.

Our approach to identifying patient partners leveraged our institutional infrastructure that
facilitates the matching of patient partners with research t€Ehssing an advertisement

di stributed through our hospital s Patient an
have volunteered to serve as advisors for clinical processes, policy decisions, and/or research).
The advertisement included information aeding the proposed study area, ideal experience

(lived experience of surgery and general anesthesia) as well as anticipated commitments. Four
patient advisors consequently expressed an interest in partnering on the project and the Patient
and Family Engagment Program (PFEP) Lead organised an introductory meeting between the
patient advisors and the research team. Following an initial meeting to explain the project and
discuss the likely time requirements, we invited all four patients with lived perioferat

experience to join us as patient partners and all agreed. Working with the patient partners, we co
developed a formal engagement strategy and a terms of reference document

(https://ost.io/afm32/ This discussion, and the resulting documents, included methods of
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compensation, acknowledgement, authorship, training and support for patient partners and
researchers, as well as approaches to be taken to evaluate the patient engagemenfRctivities.

17) In developing our process, we explicitly considered how we would implement the guiding
principles set out by the CIHR Strategy for Patient Oriented Research (SPOR) Fraifis)york

while also addressing barriers frequently encountered in clinical research. Solutions were
developed based on the context of perioperative medicine as well as locally available support and
resource$l6) The SPOR principles, identified barriers, and implemented solutions are outlined

in Table 1(19-23)

We chose the SPOR partnershigused approacti8)as t hi s-bAageidndc¢ir pmewor ko
designed to optimize collaborative partnerships between researchers and patients or
organizationg24) By focusing on a principieased approach we were able to adapt our
processes to the specific context of our study, as opposed to being tied to specific methods or
practical approaches. In keeping with some engagement principles, we have built strong and
sustainable relationships (over-gdar period) through transparency (mutual goals agreed on),
commitment, respect, regular communication and feedback (email updates, group discussion),
and ongoing evaluation. This type of approach was facilitated bystitution and through the
Ontario SPOR Support Unit, of which our organization (Ottawa Hospital Research Institute) is
an active member through the Ottawa Methods Centre. Our institutional structure is called the
i Ot t awa (lanikhid mddel grovides useful guidance on developing infrastructure and
facilitating patient engagement in research. This structure also allowed us to have
methodological support. For example, each meeting with the patient partnetedsbgoa
patientoriented research facilitator who is affiliated with the SPOR Support(L®)Based on

t he C8peEdRwnsof Citizen Engagement (eg. five levels of pariticipation, namely:
communications, listening, consulting, engaging, and partnethmy),

levelsof patientengagement in our research project met the criteria of consulting, engaging, and
partnering depending on the phases of resd@&}0Of note, patient engagement is often

described as a continuum and labelling and description of each level can vary depending on

jurisdiction and country26)
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Table 1. Strategies to Facilitate Patient Engagement Tailored to Perioperative Research and Adapting the Strategy for Patient

Oriented Research (SPOR) FrameworK18)

Identified
barriers to
patient
engagement in
clinical research

Guiding principle based on
the SPOR framework with
definitions

Strategies and resources to overcome barriers
that are tailored to our local context

Desired outcome
based on the SPOR
framework

Representativity
of patient partners

Inclusiveness: Integrate the
diversity of patient perspective

-Use existing local networks (ie. the PFEP*) to
identify and recruit a diverse group of patient
partnerg19)

-Explicitely consided i ver si ty of
experiences when selecting patient partners.
selecting patient partners. In Canaith@, provincial
SPOR* SUPPORT Unit can assist reaching this
objective.

-Develop and distribute a document with all
researchers and patient partner team member
biographies and personal pictures that emphasiz
the importance of all team members as equal
partners.

-Use gendeneutral language in oral and written
communication.

Inclusive mechanism
and process are
created

Medical jargon
and fear of
tokenism(20)

Mutual respect: Value each
other expertise and experientig
knowledge

-Co-develop an evergreen terms of reference
document describing objectives, rules of conduc
and expectationsh(tps://osf.io/afm32/

-Use first names and no titles during meetings
-Offer training and leadership support to patient
partners through a patient engagement facilitéto
Canadathe provincial SPOR SUPPORT Unit * ¢
assist reaching this objective.

-Appoint more than one patient partners to
panels/committees to promote diversity of opinig
and strengthen the patient voice. It also provide
peer support.

Respectful
collaboration is
established amongst
patients and
researchers

Organization and

time (20)

Support: Provide adequate

support and flexibility to ensure

-Seek funding from local institution for patient

oriented research through local SPOR* Unit.

Common goal of
timely
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patients can contribute fully to | -Use a flexible approach regarding meeting implementation of
the discussions and decisions | planification (total length of the meetings, timing| quality research
the day, etc.) and adapt schedule to patient nee
Power dynamic | Co-build: Patients, researcherg -Deliver focused presentation to explain core Research is informed
and practitioners work togethel concepts based on identified patient knowledge | and cedirected by
from the beginning to identify | needs regarding the clinical context. patients (ie. there is g
problems and set priorities -Empower patients in all phases of the research| shared project
process, including choice of the research questi¢ decisionmaking)
and outcomes.
-Use open access videos to explain the research
publication procesg7)
-Allow ample time for questions at every meeting
-Use of a satisfaction survey to evaluate and
improve our patient engagement approgzs).
-Use the CEPPP* Engagement Assessment too
(or other ones) to ensure your evaluation instrun
meets the aims of your evaluation proc@.
-Use accessible language for oral and written
communication and use wdiased application
when in doubt about the level of literacy
needed30)

-Involve patients early and meaningfully.
-Provide orientation and ongoing support.

Lack of Support and inclusiveness -Be available for individual discussion when The experiential

compensation ang needed. knowledge of patients
meeting patient -Include patient partner compensation in the is valued as evidencg
expectationg31) budget(22) as part of the researg

-Provide regular updates and a newsletter to shq process
progress and impact of patient partners work on
study.

-Include patient partners in article and manuscrif
writing and offer authorship opportunities.
" PFEP: Patient and Family Engagement Program, SPOR: Strategy for Patient Oriented Research, CEPPP: Centre of Excellence on
Partnership with Patient and the Public
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The Patient Partnerso6 Perspective on Engageme
As patient partners, we had either very different or limited experiences with patient engagement

in research, and therefore our expectations for the opioid minimization in surgery project, were
extremely openAs patient partners, we felt we were an integral part of the team and we brought
our lived experiences which informed not only how we saw the research question, but also what
information, or data, were most relevant to us. To date, we have provideditapile review

through discussions and writteomments, including assessment of the relevance of the scope of
the review, the outcomes, the plain language abstract, the planned items for extraction, revision

of grants application, and helped to plan the dissemination phase. More specifically, ede help
shape how and which patiec¢ntred outcomes would be accounted for in the review through

group discussions, assessment of certain scales and instruments and revision of the literature. We
also assessed the perioperative patentred outcomes conseisgroposed by the Standardised
Endpoints in Perioperative Medicine international initiative (ie. the SIERMPAC group) to

ensure they were adequately relevant, comprehensive and applicable to our(8@hiéxtough

this process, we challenged some of the measures suggested by HECBIPRC. For

example, we decided that the lack of endpoints to assess chronic pain following surgery was an

important omission.

We appreciated the openness and inclusion of our views and preferences received from
researchers and having ample opportunity for collaborative discuggewere a diverse team,

in terms of age, hospital exposure and treatment and opioid related experiences: we all came
from different circumstances, and feel we were listened to from the beginning, with the same
respect, regardless of our professional, patier ongoing family interaction with hospital

services and protocdlVe now know what a scopinguview is, what stages are involved in such

a review and some of the challenges. Hence, we were able to provide relevant insights, ideas, and
judgments throughout the process. We also learned about what anaesthetic options are used in
general surgery alongit their variations in practice. We appreciated being invited to join the
project early, as we believe that our various and unique lived experiences helped the research
team foster the question to better answer our community needs and be aligned evithutber
priorities. We appreciated the patience and camaraderie of the researchers and clinicians, as this

time invested helped us to feel like genuine colleagues and a legitimate part of the team. Perhaps
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most importantly, we know that we are helping improve quality of care through patiented

research.

The Importance of Evaluating Patient Engagement

Evaluating patient engagement is a necessary step to ensuring the collaboration is meaningful (ie.
the collaboration is not tokenistic). Evaluation not only strengthens the patient partnership
process, it can also help uncover facilitators and challehgearise during the execution phase

of the research study.

In order to achieve meaningful and active collaboration with patient partners, owrdeam
developed ammprovementoriented evaluation plan (ie. developmental evaluation aiming at
improving the process of engagement within the project) following the CIHR Guide to
Evaluation in Health Resear¢B3) As a part of this approach, we chose to assess patient
partners satisfaction. To aid us in identifying the most relevant tool we used the Centre of
Excellence on Partnership with Patients and the Public (CEPPP) Engagement Assessment
Toolkit. This toolkit s a decision aid informed by a previous systematic review of existing
evaluation tool¢34) Using this structured decisigprocess we decided to use the Public &

Patient Engagement Evaluation Tool [PPEET] because of its comprehensiveness,
methodological rigour, and the presence of free text seq@®29)This tool can be used in a

wide range of settings and is centred on four main principles: integrity of design and process,
influence and impact, participatory culture and collaborg@®)We administered a first PPEET
survey shortly after we started and based on feedback from this survey evaluation, the
researchers realized a knowledge gap among some patient partners regarding their understanding
of general anesthesia. In addition, it vd#f&icult for the patients to grasp their impact of the

project early on. In order to address these knowledge gaps, we changed the structure of our
meetings (starting with summary of the research projects, focused learning session, and patient
partner impat) and also began to provide regular progress newsletters to the project team
(patient partners, knowledge user organizations and researchers) and regular oral feedback on

how patient partnersé input had been incorpor
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Lessons Learned and Suggestions for Other Groups

Based on our collective experiences,was patient partners and researclidnrave been in a
continuous learning cycle. A key lesson has been that patient engagement needs to be tailored to
available resources and research context. We have been fottubhatable to draw on a method
centre (The Ottawa Methods Centre) that provides specific support around patient engagement in
research, and we are based in a country where the main health research funding body has a
dedicated funding stream for patientented research. In Canada, across all provinces and
territories, Support for People and Pati@rtented Research and Trials (SUPPORT) Units

provides services for researchers, patients, policy makers, and clinicians for patieted

research activit®(35) Regardless of the resources available to a team, we believe clinicians and
researchers can and should strive to engage patients and end users in clinical research; either by a
call to action within your institution or by engaging with patients in your megearch

depending on your local context. Lower levels of patient engagement (such as simply informing
or consulting) can be impactful for the project and the community as well, but we suggest teams
should strive to partner with patients by engaging tirethe earliest phases of the research

project (ideally with patients and researchergi@ating the research question from the start) as

the potential impact is stronger when initiated at the design phase. In our experience, having all
interested partie@atients, clinicians, and researchers) involved early in the process was noted to
be appreciated from all parties. It increased the efficiency of the process as it ensured common

goals were maintained and agreed on through all phases of the project.

The team must work to build trust among all team members by communicating openly and often,
developing ways to accommodate all team members, identifying and removing any hierarchical
barriers, and encouraging learning and participation by using languieya partners can easily
understand. Researchers need to demonstrate humility, and treat patients with respect for the
knowledge, experiences and the wisdom of the lived experiences they bring to the team and
project. It takes time, energy and patiencerigage patient partners, but the investment is
worthwhile. Ultimately, the goal of clinical research is to improve clinical care and patient
outcomes. Imagine the advances we can make when patient partners and researchers work

together to produce and cardd research.
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after surgery: a scoping revie

3.1 Prefaceto manuscript 2

In partnership with our patiepartnergpanel and our partner organizasphdeveloped a

scoping review of randomized controlled trials (RCT$)e primary objective of this scoping
review waso map and characterize the R&G&Bsessing the patieaéntred effectiveness

of pharmacologic intraoperative opioid minimization strategies in adult surgical patients
included a description of the pharmacologic strategies assessed and identification of promising
pharmacologic strategie€o-authors involved inhis project helpeéor thesupervison the

project, revigon of the manuscript, scraang of thestudies and extraon of the data. Patient
partners and partner organizasmontributed taefinethe research questiotietermineoutcome
prioritization, providé input on the design of the study as welbashedevelopnent ofthe

dissemination plan.

| presented the protocol of this scoping review at the SEERearch day iffebruary2022 @
positionawardin the PhD students categofy0 minutes oral presentatjoand | presented the
final results of this scoping review at the SEPH research ddamuary2024 (15 position award

in the PhD students categdt® minutes oral presentation

This scoping review protocol was published in BMJ Open:

Verret M, Lam NH, Fergusson DA, G Nicholls S, Turgeon AF, Mclsaac DI, et al. Intraoperative
pharmacologic opioid minimisation strategies and patientred outcomes after surgery: a
scoping review protocol. BMJ Open. 2023(3):e070748.

This scoping review manuscript was published in the British Journal of Anaesthesia
Verret M, Lam NH, Lalu M, G Nicholls S, Turgeon AF, Mclsaac DI, et al. Intraoperative
pharmacologic opioid minimisation strategies and patientred outcomes after surgery: a

scopingreview. British Journal of Anaesthesia. 2024.

33
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Title: Intraoperative pharmacologic opioid minimization strategies evaluating paéatred
outcomes after surgery: a scoping review

Background

Postoperative patielte nt r ed out come measures are essenti
following surgery. Although a large number of pharmacologic opioid minimization strategies

(i.e. opioid alternatives) are used for patients undergoing surgegyains unclear which

strategies are most promising in terms of pateamitred outcome improvements. This scoping

review had two main objectives: (1) to map and describe evidence from clinical trials assessing

the patienicentred effectiveness phamacologic intraoperative opioid minimization strategies

in adult surgical patientsind (2) tadentify promising pharmacologic opioid minimization

strategies.

Methods

Searches of MEDLINE, Embase, CENTRAL, Web of Science and CINAHL databases were
conducted from their inception to February 2023. We included trials investigating the use of an
opioid minimization strategy in adult surgical patients and reporting at leagtadienicentred
outcome. Study screening and data extraction were conducted independently by at least two
reviewers.

Results

A total of 24,842 citations were screened for eligibility. 2803 trials assessed the effectiveness of
intraoperative opioid minimization strategies. Of these, 457 trials (16%, 67,060 participants) met
eligibility criteria by reporting on at least one patieentred outcome. Among trials that

included a patiententred primary outcome (n=107 trials), patient vieling was the most
frequently used domain (46 %, n=55 trials). B
dexmedetomidine, systemic lidocaine, and CDiXhibitors were categorized as promising

strategies and acetaminophen, ketamine, and gabapentinoids were categorized as less promising.
Almost half of the trials (n=253 trials) did not report a protocol or a registration number.

Conclusions

There is a need for trialists to prioritize and include patentred outcomes in the assessment
of opioid minimization strategies effectiveness. We identified three potentially promising
pharmacologic intraoperative opioid minimization strategies tiaild be further assessed
through systematic reviews and multicentre trials. Findings from our scoping review may be
influenced by selective outcome reporting bias.

Study registration
https://osf.io/7kea3/?view only=49946e5dc46c41a59911d247191¢c9049

Key words
Pain management, Adult anaesthesia, opioid minimization strategies, Clinical pharmacology,
patientcentred outcomes
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INTRODUCTION

Amid the global opioid crisis, pharmacologic approaches aiming at reducing opioid use, known
as opioid minimization strategies, are increasingly gaining traction in perioperati@-€gre.

Such interventions are often started during surgery, specifically in the intraoperative period while
the patient is under general anesthesia. While thefuggioid minimization strategies is

increasing, there is also unexplained variation in practices, and it is unclear if these practices are

supported by patiertentred evidencgs-15)

There is a growing recognition and demand for pattentred outcome measures in

perioperative research to enhance the relevance and applicability of study f{d@2§3 These
outcome measures capture the patientds exper.i
analgesic adverse effects (i.e. nausea, vomiting, constipation, dizziness, etc.), and the impact of
pain on daily life; which are key components to deterrperoperative effectiveneggl)

Opioid minimization strategies are attractive to improve patientred outcomes as they can

reduce opioigrelated adverse effects while still providing analgé€sia5, 19, 2242)

Nevertheless, patieftentred outcomes are currently underrepresented in perioperative research
and clinical practice guidelines that endorse the perioperative use of opioid minimization
strategies, such as the Enhanced Recovery After Surgery Societp]ERilelineg43-45) The
Standardised Endpoints in Perioperative Medicine initiative (82BERMPAC group) has

established kepatientcentred outcome measures and instruments for use in trials of
perioperative car@d4, 46, 47)The integration of patiestdentred outcomes in practice, research,

and guidelines have also been emphasized by perioperative national and international expert

consensus statemerfts-53)

Previous systematic reviews have focused primarily on the effect of pharmacologic opioid
minimizing strategies on indirect patient outcome measures (i.e.stehmargjuantity of opioids
administered) or unidimensional instruments (i.e., pain intensitgsesat or hemodynamic
stability) (6-15, 19, 2241) Results suggest that opioid alternatives can reducet&nortopioid
use during and after surgelfowever, these systematic reviews were generally, of low

methodological quali§p4) and often neglected important patieentred outcome®-15, 19,
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21-41) Furthermore, considering the heterogeneous and complex nature of intraoperative opioid
minimization strategie5, 56)57) a scoping review serves as a valuable approach for assessing

the extent, range and nature of this field and provide insights for future reg&xrch.

Therefore, we designed a scoping review of randomized controlled trials using a collaborative
approach involving multiple interested parties and partner organizations (e.g., patient partners,
perioperative clinicians, partner organizations, and methodté)gOur objective was to map

and describe evidence from clinical trials assessing the pagetred effectiveness

of pharmacologic intraoperative opioid minimization strategies in adult surgical patrehts

identify promising pharmacologic opioidinimization strategies.
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METHODS

Our scoping review was conducted in accordance with the recommendations from the Joanna
Briggs Institute (JBK69) and followed the methodological framework developed by Arksey and
O 6 Ma I(5B)#&veg wrote this manuscript in accordance with the reporting guidelines from the
Preferred Reporting Items for systematic Reviews and-Metdyses (PRISMA) Extension for
Scoping Review$60) Our protocol was publishg®1) and any modifications made to the

original protocol were documented and posted on the OSF platform

(https://ost.io/7kea3/?view_only=).

As detailed in our protocol and in a separate reflective af6@pye used a collaborative

approach involving multiple partner organizations. We defined pharmacologic opioid

minimization strategy as any napioid drug with antinociceptive properties administered

orally, intramuscularly, subcutaneously or intravenousiyrd) the intraoperative period. While

multiple definitions are available within and across countries to describe pagened

outcomes, we followed recommendations developed by a rigorous international consensus

process specifically tailored to the jpgrerative care context: the StEFOMPAC

consensu$63) Accordingly, we included any outcome measures falling within one of the five
StERCOMPAC consensus domains, namely: viring, functional status, patient satisfaction,
healthrelated quality of life, and life impact. In addition, based on input fronpartner

organizations, expert clinicians, and patient partners, we also considered two additional patient
centred domains; opioid specific outcomes (tng r m opi oi d us e -relaeti mont h]
adverse effects [multidimensional assessment]), andrpkited outcomes (acute pain [multi

di mensional assessment <3 months] and postope

important definitions can be found in appendix 1.

Search strategy and eligibility criteria

We developed our search strategy in collaboration with method experts, clinicians, patient
partners and two information specialists. Our search strategy was appM&dDtdNE, Embase,
CENTRAL, Web of Science, and CINAHL from their inception to February 2023 and the search
strategy was validated according to the Peer Review of Electronic Search Strategy (PRESS)

recommendations (eFigure (B4) We included randomized clinical trigdssessing the impact of
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systemic intraoperative (i.e. initiated the day of surgery, before anesthesia emergence)
pharmacologic opioid minimization strategies. The intervention could include dpéeid
anesthesia (i.e., complete avoidance of opioids), but it was not requirddfioitity. Trials

must have included adult patients undergoing general anesthesia for any surgical procedure.
Eligible comparators were opioids, placebo or no intervenfibfeast one patiententred

outcome must have been reported and only trial$emrit English or French were included. To
be included, the minimal sample size required for an eligible trial was 30 participants. Further

details on the eligibility criteria can be found in the protd6al)

Study selection

We used Distiller SR, a clodohsed auditeady software designed for scoping reviews to collect
citations, remove duplicates, and facilitate screening of titles and abg&a)d&ven the
anticipated large number of citations, we leveraged the actaahine learning feature of
Distiller SROs artificial i ntelligence to pri
citations(66, 67)To pilot test the Level 1 screening form and to trainattte/e machine
learningtool, reviewers independently screened 100 citations and all disagreements were
resolved. We performed conflicts resolution evety @ays to maintain reliability of thactive
machine learningpol. Once we achieved a predicted recall ra®@P%6 (indicating that the

active machine leaning had identified approximat&l9% of trials eligible for inclusion), one
reviewer was replaced by the artificial intelligence in thelidape screening process. For the full
text screening phase, we utilized the InsightScope platform (www.insightscope.caj)baseeb
application that allowed the creation of a large online team to facilitate the screening of the
expected large number afations to review(68) In order to be considered eligible as a reviewer
for the project, each candidate was required to obtain at least 80% sensitivity in a test set

validated by three senior reviewers (eTable 3) and participate in at least two training sessions.

Criteria for identifying promising opioid minimization strategies

Our approach for identifying promising opioid minimization strategies is detailed in our protocol

t hat was published a priori (i .e., strategies
that requires further systematiesearch assessme(@i)l) First, we ranked patiesttentred

outcome measure domains of interest based on potential impact and plausibility with our patient
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partners and partner organizations (Tabl&2).Patient welbeing, assessed with the Quality of
Recovery instrument was given the highest score. We also considered within the scope of
patientcentred outcomes two additional domains; namely, opioid related-fgomguse

[ Ol mont h] an dmutidineasiosabassessrest]y, ansl pajlated (acute pain

[multi-d i mensi onal assessment , <3 months] and post
we calculated the relative (i.e. relative to the total number of included trials) and absolute

number 6 clinical trials reporting positive (i.e. benefit associated with the intervention) results

for a pharmacologic strategy based on authors
authorsoé findings). Then, t hirialsrepatmgatlaast®res s me n
patientcentred outcome measurement (eTable 4) as their primary outcome of interest (well

being, functional outcomes, patient satisfaction, quality of life and life impact, eeieitkd

adverse effects, or panelated). Finlly, we summarized this evidence and discussed it with

patient partners, clinicians and researchers to confirm the potential applicability and relevance of

the identified promising strategy(ies). We used no quantitative thresholds to choose promising
straegies as each of the chosen promising opioid minimization strategies will require systematic
review and metanalysis to confirm findings. Using the same approach, we also identified less
promising pharmacologic strategies based on the relative and a&soinber of published

articles with null or negative conclusion (i.e. intervention judged as having no effect, being

del eterious or of wuncertain efficacy based on

Data abstraction, analysis and presentation of the results
We extracted data from included trials using a standardized data abstraction document (eTable
1). At least two reviewers extracted data independently, in duplicates and conflicts were resolved

with a third senior reviewer when necessary.

To describe outcome measures, each instrument reported was categorized based on the
classification from the StEEOMPAC consensus. We also described compliance with the StEP
COMPAC recommendations (Figure 1) for each trial using stacked bar @We visualized

the number of trials assessing each phar macol

according to the patiertentred outcome that was reported in the trial with a bubble chart.
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Patient and public involvement

We formed a patient panel of four individuals with lived perioperative experiencepimdace
this scoping review following the principles laid out in the Canadian Strategy for Patient
Oriented Research (SPOR) Patient Engagement Framé@&r line with these principles of
inclusiveness, support, mutual respect, anbuwling, the patient panel met regualarly with
members of the team. The patient partners were involved in all phases of research, namely,
designing the research question gdetining the outcome choice and prioritization, providing
insight on the planned items for extraction;d®veloping grants and articles, etc. Details of our

patient engagement approach has been described in another pubf@ion.
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RESULTS

From the 24,842 citations that were screened for eligibility, we included a total of 457 trials
representing 67,060 participants. The screening process and reasons for exclusion at full text are
summarized in eFigure 2. The artificial machine learningifeateport is provided is Appendix

2. We found that 16% (457 of 2803) of published trials assessing pharmacologic opioid
minimization strategies effectiveness met our eligibility criteria of reporting at least one-patient
centred outcome (eFigure 2). Weckided two articles because they were retracted and

recognized as fraudulent repofTQ, 71)

Characterizing the trials evidence assessing patiegentred effectiveness of pharmacologic

opioid minimization strategies

Characteristics of the 457 included articles are summarized in Table 2 and eTable 2. The highest
proportion of trials was conducted in China (18%, n=83 trials) followed by United States (18%,
n=81 trials) and Turkey (9%, n=42 trials). In terms of desighraathodology, randomization

was at the individual level for 99% of the trials (n=454 trials), and 92% (n=419) of trials were
conducted in a singleentre. A total of 56% trials (n=253 trials) reported a protocol or a
registration number and 85% of trigis=389 trials) reported a sample size calculation in their

manuscript or their protocol.

Most of the trials (84%, n=382 trials) examined a single active agent. Among these trial® alpha
agonists (n=71 trials), gabapentinoids (n=49 trials), corticosteroids (n=49 trials) and NMDA
antagonists (n=76 trials) were the pharmacologic strategieg¢hatassessed most frequently
(Table 2). Trials that examined a combination of agents primarily studied 2laganists with
lidocaine or NMDA antagonists. 88% of strategies were compared to placebo (n = 401 trials),
and 8% (n=38 trials) and 5% (n=25al8) were compared to opioids or no intervention,

respectively. Details of all the included pharmacologic interventions were described in eTable 5.

The median sample size of the included trials was 86 participants (range: 30 to 8880
participants). The median length of participant foHoprwas 3 days (range: 1 day to 4 years).
Regarding the target population, 3% of the trials (n=14 trials) focusedisaky on a geriatric

surgical population, and less than 1% either focused specifically on patients with chronic pain
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history (n=2 trials)72-74) or chronic opioid use (n=1 triafy.5) A total of 2% of trials (n=7
trials) included sex and gender considerations as part of their an@@<2%). The most frequent
types of surgery included were gasintestinal (n=107 trials), obstetric/gynaecologic (n=95
trials), and orthopedic (n=87 trials, see eFigure 3).

Knowledge gaps in patierdcentred outcomes according to the pharmacologic opioid

minimization strategies and compliance with SEERCOMPAC recommendations

The number of published trials assessing at least one pegietied outcome per year has been
increasing over the last two decades (eFigure 4). More than half of the trials reporting at least
one patiententred outcome were published after 2014 (58%t@éls) and few before the year
2000 (5%, 21 trials). Among included trials, 24% (n=107 trials) used a pa&atred outcome

as their primary outcome of interest. Reported primary patiemtred outcome measures are

described in eFigure 7.

The most frequently reported outcome domains were patient satisfaction (46%, n=210), well
being (39%, n=178 trials) and paielated (acute and chronic pain) (25%, n=112 trials); while
less frequently reported domains were the haalidted quality of lié (7%, n=34 trials),
functional outcomes (15%, n=67 trials), life impact (5%, n=25 trials) and epatated (adverse

effects and longerm opioid use) (5%, n=21 trials) (Figure 1).

A list of instruments that we used to assess each domain is available in eTable 4. The most
frequently studied instrument for each domain were: quality of recovery-@QpR5, and-9

score) (49%, n=88 of 178 trials in the wb#ing domain), daily actity level (15%, n=10 of 67

trials in the functional status domain), satisfaction numerical or categorical rating scale (99%,
n=207 of 210 trials in the satisfaction domain), Short Form3&FRand12) (62%, n=21 of 34

trials in the healtlrelated quality blife domain) and time to return to usual activities (40%,

n=10 of 25 trials in the life impact domain). Among the trials that assessed postoperative acute
pain using a multidimensional instrument, the most frequently used instrument was the Brief

Pain Irventory (52%, n=14 of 27 trials). Only six trials reported a multidimensional epioid
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related adverse effects assessment. At least one adverse event was assessed in 93% of the

included trials (N=426 trials).

Compliance with the SEEROMPAC recommendations (i.e. the use of the most recommended
instrument taassess a patienentred outcome domain [Table 1]) was low across all domains
(range: between 0% and 49%, Figure 2). The highest compliance rate was observed in the
domain of patient welbeing; specifically, the use of the Quality of Recovery instrunfgn53

or 40] in 49% of trials [n=88 trials] assessing the patient-txgithg). Overall, the compliance

rate with the StEfFCOMPAC recommendations was 31% from 2019 onwards (i.e. the year the
StERCOMPAC consensus on patiecgntred outcome was publishedpla®% before 2019
(Figure 1).

Identifying potential promising pharmacologic opioid minimizing strategies

Three pharmacologic strategies were identified as potentially promising (Figure 3):
dexmedetomidine (proportion of trials reporting positive results: 85%),-2@Xibitors

(proportion of trials reporting positive results: 82%), and systemic lidocainggjpian of trials
reporting positive results: 76%). Our results were consistent when restricting for trials that used a
patientcentred outcome as a primary outcome measure (eFigure 5, n=107 trials) and when the
primary outcome was the patient wbiing @&sessed with a Quality of Recovery instrument
(eFigure 6, n=43 trials) which was the most important patientred outcome measure as

guided by key interested parties (Table 1). There was however no trial evaluating the
effectiveness of CO>2 inhibitors sing a Quality of Recovery instrument (Q8R-15, or-40).

The less promising pharmacologic strategies based on the relative and absolute number of
published articles with null or negative conclusion overall were acetaminophen (proportion of
trials reporing positive results: 35% of trials), ketamine (proportion of trials reporting positive
results: 47% of trials), and gabapentinoids (proportion of trials reporting positive results: 49% of
the trials) (Figure 3).
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DISCUSSION

Our review demonstrates that patieentred outcomes are rarely used to assess the effectiveness
of intraoperative opioid minimization strategies in clinical trials. Among trials that did report a
patientcentredoutcome, compliance with wedlstablishedecommendations was generally low
across all patieatentred outcome domains. Furthermore, while it is recommended that at least
one patiententred outcome be measured and reported in all perioperative trials, the vast
majority of trials (84%) did not rept any(63) Our analysis also identified significant

knowledge gaps in terms of patiez@ntred outcome measures and several weaknesses in
published clinical trials. As such, few trials reported outcome measures assessing life impact,
healthrelated quality of lifeand opioidrelated adverse effects. We also noted that few trials
were multicentred, duration of followp was frequently short and half of the trials did not report

a registration or a protocol publication. Additionally, based on the available evidencte fr
published trials, we identified three promising pharmacologic intraoperative opioid minimization
strategies (dexmedetomidine, systemic lidocaine, and-2@Xibitors) and three strategies that

are not supported by patientiented evidence (acetaminagh ketamine and gabapentinoids)

Our findings align with a systematic revighatexamined the efficacy of perioperative
pharmacotherapy in preventing postoperative chronic(B&yin that reviewsystemic lidocaine

and NSAIDswere identifiedas promising strategies for reducing postoperative chronic pain. Our
scoping review strengthens the existing body of evidence on these two strategies and further
supports the plausible improvement of other pateamtred outcomes following surgery through
the use of these strategi®¥e also provide further description of the patieantred outcome
knowledge gap (i.e. lack of compliance with established recommendations). Our results are
consigent with a previous revieip5) and crosssectional84) analyses of perioperative trials that
identified a knowledge gap in perioperative patienénted clinical trials. Nevertheless, we

further describe areas for methodology improvement as well as interventions and outcomes that
needs further assessmentr Fstance, our findings indicate that less than 10% of the published
trials assessing the effectiveness of pharmacologic opioid minimization strategies were

multicentre trials. We identified other important methodological weaknesses in a high proportion
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of trials (i.e. lack of registration, short folleup, and the lack of a sample size calculation

reported) which aligns with multiple expert consensuses and calls to action, such as the
American Society for Enhanced Recovery & Perioperative Quality Initiative Joint Consensus
Statementjhat highlight the importance of rigorous multicentre trials in order to assess
perioperative opioid alternativé28, 50, 53\We provide clear and practical guidance to inform
research agendas and facilitate the planning of subsequent systematic reviews and clinical trials

that could impact practices and improve patiegritred perioperative care.

Including patienicentred outcomes in the evaluation of opioid minimization strategies is
extremely important in perioperative care. Only relying on short or long term opioid reduction
could be misleadin@l6, 17, 21, 888) Indeed, an increase in opioid exposure does not
necessarily translate into worse health outcomes, which is ultimately what matters t@most.
90) Assessing health outcomes, through patemtred outcomes, is also recommended from a
public health perspective in order to evidence inform the judicious prescribing of opioids (i.e.,

avoiding over and under pr eseccroispyt@toenn).,0 as hi

Our study has strengths that contribute to its overall quality and impact. First, our scoping review
was characterized by a collaborative effort involving key stakeholder organizations and content
experts that actively engaged patient partners througheuesearch process. This inclusive
approach ensured diverse perspectives were considered, enhancing the relevance and
applicability of our findings. This approach led to the prioritization of the quality of recovery as
an outcome measure, which is alspmarted by two different established and international
recommendations for endpoint prioritization in perioperative clinical trials (patenited63)

and patient comfof23)) from the SEEFCOMPAC initiative. Secondly, we adopted an

innovative approach by developing a patieriented scoping review that will guide future more
focused systematic reviews and clinical trials. This approach optimizes the use of available
resourcs and strategically targets promising strategies for further investigation. Thirdly, our
focus on patiententred outcomes (i.e. at least one patoemtred outcome measure was needed
for an eligible trial), coupled with an-depth description of domaired instruments reported,

will contribute to directly inform future systematic reviews and trials in perioperative research of

opioid minimization strategies. Additionally, we carefully adhered to established international
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recommendations for evaluating patieentred outcomes in perioperative rese#6d) By
following these guidelines and involving knowledge users and patient partners, we helped ensure

the scientific rigour and relevance of our study.

Our study has limitations. Firstly, we did not undertake a formal risk of bias assessments given
our objective was to map and describe the current evidence. The risk of bias assessment is not
generally conducted in scoping reviews for this reg88hFurthermore, we relied on the

narrative conclusions reported by the authors and there may be discrepancies with the actual
guantitative findings. Selective outcome reporting may also be present, especially considering
the high proportion of trials thatdlinot report a protocol or a registration number. Our findings
need to be confirmed through multicentre trials and systematic reviews. Another limitation of our
study is that the primary outcomes assessed in the eligible trials may not necessarilytlalign wi
patientcentred perspectives as not all trials used a patamtted outcome as their primary
endpoint. Nevertheless, our sensitivity analyses conducted among trials that reported-a patient
centred outcome as their primary endpoint, consistently stgaptire results obtained.

Outcomes definitions are also variable and could interfere with interpretg@ipHowever, this

will be further addressed in future systematic reviews. Lastly, although pediemed outcomes

are recognized as outcomes that should drive clinical practice, additional outcomes that we did
not included in our scoping review are also artpnt and needed to complement clinical
decisionmaking. For instance, opioids are useful in controlling the autonomic response to
nociception (i.e., pain transmissiq®3) This property of opioids helps maintain a stable
hemodynamic during general anesthesia and also facilitates rapid emergence (through lower

doses of inhalation anesthetics).

Conclusion

Through our scoping review, we found that patieentred outcomes are assessed in relatively
few clinical trials of intraoperative opioid minimization strategies. This demonstrates a clear
need for rigorous multicentre trials assessing these importargres. We identified promising
strategies (dexmedetomidine, systemic lidocaine and-2@NXibitors) that warrant further
assessment through systematic reviews and large pragmatic clinical trials. We also identified

three strategies that were less prongsand not supported by patieriented evidence
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(acetaminophen, ketamine and gabapentinoids). Further implementation initiatives to promote
the use of established recommendations (i.e.,-8&IBRIPAC) for evaluating patierdentred

outcomes are needed in perioperative clinical trials to ensure relewvatheyhealth system.
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Table 1.Standardised Endpoints in Perioperative MedicindStEP-COMPAC) group recommendations
for patient-centred outcome assessments in perioperative clinical tri&fsand our prioritization order

tailored to pharmacologic interventions

Patient-centred outcome domains
Patient wel Health Functional Patient Life impact
being related outcome satisfaction
quality of life
Instruments to be | Quality of EuroQol 5 WHO Bauer Days alive
prioritized based | recoveryl5 Dimension, | Disability patient and out of
on StER (QoR-15Y five-leveP Assessment | satisfaction | hospital after
COMPAC Schedule measure surgery (at 3Q
recommendations version 2.0 days and one
year) and
discharge
destination
Prioritization by 1 2 3 4 5
our team
(Steering
committee)

Prioritization based on a) Plausibility for effect between intraoperative pharmacologic intervention and
outcome b) Patient and knowledge user priority

2Quality of Recovery (QoRY and 40 were also accepted for the purpose of our scoping review
3EuroQol 3 Dimension (E@D-3L) was also accepted for the purpose of our scoping review
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NMDA Alpha-2 Svystemic COX-2 Non-selective Multiple
) receptor pha DYSter LT anti- Corticosteroids | GabapentinoidsAcetaminopherf| Combinations [intervention|  Others®
Variable . agonists lidocaine inhibitors . . - _ _ _ _ Overall
antagonistg (n=71) (n=46) (n=22) inflammatories (n=49) (n=49) (n=19) (n=21) arms® (n=20) (n=457)
(n=76) (n=31) (n=53)
Single-centre 74 67 43 17 26 40 48 17 18 50 19 419
Multicentre 2 4 3 5 5 9 1 2 3 3 1 38
Study protocol (published
or registered)
1 Yes 35 43 36 6 12 32 21 13 15 22 18 253
1 No 41 28 10 16 19 17 28 6 6 31 2 204
Sample size randomized
T <50 14 10 5 3 7 6 8 1 2 1 1 58
T 5099 37 34 29 11 14 9 22 7 7 25 18 213
1 100499 24 25 12 8 9 28 19 10 12 27 1 175
1 >=500 1 2 0 0 1 6 0 1 0 0 0 11
Sample size calculation o
minimally importance
difference defined
1 Yes 64 60 42 19 19 42 45 17 18 45 20 391
1 No 12 11 4 3 12 7 4 2 3 8 0 66
Type of surgery:
1 Cardiac 4 5 3 0 0 9 5 2 0 0 1 29
1 Nonrcardiac 72 66 43 22 31 40 44 17 21 53 19 428
Route of administration:
{l Intravenous 76 62 45 11 27 47 0 19 12 29 13 341
{l Oral 0 7 0 11 1 1 49 0 3 14 7 93
1 Intramuscular 0 2 0 0 2 0 0 0 0 1 0 5
1 Mixed 0 0 1 0 1 1 0 0 6 9 0 18
Timing of administration:
I Intraoperative only 57 59 30 11 20 31 18 6 12 30 13 287
1 Intraoperative, continue 19 12 16 8 11 18 30 13 8 21 7 165
to postoperative
1 Mixed 0 0 0 1 0 0 1 0 1 2 0 5

aThis category also include paracetamol.
bMultiple intervention arms: trials with 2 or more intervention arms
°Others: opioid minimization strategies with less 10 trials each:ddetkers, antidepressants, cannabinoids;amnid central analgesics
(nefopam, metamizole), and methylxanthine.

Table 2. General characteristics of included trials
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Figure 1. Compliance withStandardised Endpoints in Perioperative MedicingdStEP-COMPAC)

recommendations among included trials

In RCTs of perioperative care, the most important outcorsasures and instruments to be used have been

established by th8tERCOMPAC group initiative and these recommendations were published in 2019.

HRQOL = Healthrelated quality of life
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Figure 2. Bubble plot for the number of trials published according to the type of opioid minimization strategy and the patién
centred outcome measure domain reported
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Figure 3. Number of trials showing beneficial, no effect, deleterious or equivocal/uncertain results for each opioid
minimization strategies based on reported findinggtrials with 2 or more intervention arms are not shown)
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eTable 1. Abstraction data items

Information to extract

Definitions and Details

Example extraction or choices

First Author

Last name anéfirst name

Year of Publication

Numerical value of year of publication

Multi-centre or single
centre

Indicate whether study was conducted at a|
single centre or multiple centres

Multicentre
Single centre

Country for participant
recruitment

Country where participants were recruited

Argentina
Australia
Brazil
Canada
China

France
Germany
India

Japan

South Korea
Spain

Taiwan
Turkey
United States
Other (free text entry)

Study protocol was pre
published or registered

Whether studyrotocol was published as a
journal article or preegistered in a databasg

Yes
No

Randomization unit

Whether participants were randomized as
individuals or as clusters (group units)

= A —A a8 -_a-_0-_0_0_0_9_9_9_9_29_29_29_29_-2_4a._-2»

Individual level unit
Group unit (cluster)

Number of study arms

Number of study arms, including placebo
and/or control groups.

Were only geriatric Whether the study only included geriatric 1 VYes
patients? patients (based on 1 No
Chronic opioid use Whether patients witbhronic opioid 1  Only patients with chronic
history in participants use/opioid addiction were excluded, includg opioid use/opioid use disorder
or exclusively included in the study. are included
1 Patients with chronic opioid
use/opioid disorder are include
1 Patient withchronic opioid
use/opioid disorder are excluds
1 Not specified
Chronic pain history Whether patents with chronic pain history 1 Patients with chronic pain
were excluded, included, or exclusively history are included
included in the study. 1 Only patient with chronic pain
history are included
1 Patients with chronic pain
history are excluded
1 Not specified
Type of patient Whether the study focused on oncologic 1 Not oncologic
populations patients exclusively, neoncologic patients 1 Oncologic patients only
exclusively, or a mixed patient population 1 Mixed
1 Not specified
Type of surgery The surgical specialty of the procedures 1 Cardiac
(specialty) performed on study participants. 1 Dermatologic
1 Endocrine
1 Gastrointestinal
1 Mastectomy/lumpectomy
9 Neurosurgery
1 Obstetricgynecologic
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1 Ophthalmic
1 Oralmaxillofacial
1 Orthopedic
1 Otorhinolaryngologic
i Plastic & reconstructive
1 Thoracic (norcardiac)
1 Urologic
1 Vascular
1 Unspecified
1 Other (free text entry)
Sample size randomized| The number of participantsndergoing
randomization
Minimally important Whether
difference calculation or
rationale
Comparator Whether the control group received placeb 1 Placebo (active dnactive)
(active or inactive), usual care (or standard 1 Usual care or no treatment
care), and/or an opioid comparator { Opioid comparator
Intervention: combination Whether the intervention group(s) received 1 Single agent
or single agent(s) combination of pharmacologic agents, a 1 Combination
single agent, or a mix of both types of 1 Mixed
interventions
Opioid minimization Whether the intervention group received 1 Opioid-free
strategy some intraoperative opioid (opieiéducing) 1 Opioid-reducing
or completely avoided intraopereative opio
(opioid-free)
Mechanism of action The mechanism of action of the 1 Acetaminophen (also
pharmacologic agent in the intervention paracetamol)
group(s) 1 Alpha2 adrenergic agonist
1 Antidepressant
1 Anticonvulsant (non
gabapentinoid)
1 Betaadrenergic antagonist
1 Cannabinoid
1 COX-2 inhibitor
1 Corticosteroid
1 Gabapentinoid
1 Magnesium
1 Methylxanthine adenosine
receptor antagonist
1 NMDA receptor antagonist
1 Nonopioid central analgesic
1 Nonspecific antinflammatory
(NSAID)
1 Systemically administered locq
anesthetic (lidocaine)
Mode of administration | Route of administration of the intervention M Oral
pharmacologic agent(s) 1 Intramuscular
1 Subcutaneous
1 Intravenous
Timing of the intervention] The perioperative phase of care where the 1 Intraoperative only
intervention(s) was administered i Intraoperative, then continued
to posoperative
1 Both (at least one intervention

arm per each approach)
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Pharmacologic agent(s)

The specific pharmacologic agent(s)
administered to the intervention group(s)

For example, Single agent(s):
Afacetaminopheno

A combination: fi k
dexmedet omi di neo
Mi x ed: flacetamino
dexmedet omi di neo

Patientcentred outcome;
satisfaction

The specific instrument(s) used to assess
patientcentred outcome(s) under the
satisfaction domain

1

E =

Evaluation du vécu de
I'anesthésiera générale (EVAN
G)

Heidelberg questionnaire
Heidegger's 2%em

Numerical or categorical rating
scales (e.g. NRS,..))

Caljouw's Leiden questionnairg
Bauer score

Other (free text entry)

Patientcentred outcome;
well-being

The specific instrument(s) used to assess
patientcentred outcome(s) under the well
being domain

E e

= —a —a 2

E

= —a —a

Complete recovery within 30
days (seHassessed)

Beck depression inventory
Zung depression index
Statetrait anxiety inventory
Hospital anxiety and depressid
scale

Psychological general well
being index

Self rating of anxiety level,
depression, relaxation and inng
peace (VAS, 10 each)
Geriatric depression scale
Quality of recovery 40 (QoR
40)

Quality of recovery 15 (QoR
15)

Quality of recovery 9 (QomR)
Sleep quality

Patient health questionnaire
(PHQ?B)

Other (free text entry)

Patientcentred outcome;
healthrelated quality of
life

The specific instrument(s) used to assess
patientcentred outcome(s) under the health
related quality of life domain

= —a_a_a_a_a

E R E

E =

EuroQol5D-5L
EuroQolt3D-3L

SF12

SF36

World Health Organization
(WHO) Quality of life (brief)
EuroQolVAS

15d HRQOL score

SF6D

Health Utilities Index Mark 3
VAS (0-100 or 010) for general
health status
Patientreported outcomes
measurement information
system(PROMIS(G10
PostOpQRS

RAND-36

Recovery Index, 4&¢em
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Core Outcome Measures Inde
(CoMI)
Other (free text entry)

Patientcentred outcome;
functional status

The specific instrument(s) used to assess
patientcentred outcome(s) under the
functional status domain

= —a —a —_a _a = = —a

= =

= —a

Modified rankin scale

WHO disability assessment
schedule 2.0 (DAS) tguestion
WHO disability assessment
schedule 2.0 (DAS) 3fuestion
Timed up and go test

Six minute walk test

ECOG performance status
Karnofsky performance index
Functional assessment of
chronic iliness therapfatigue
Identity-consequence fatigue
scale

Rolandmorris low back pain
and disability questionnaire
Fatigue severity scale
Oswestry low back pain
guestionnaire/disability index
Berthel index

Other (free text entry)

Patientcentred outcome;
life impact

The specific instrument(s) used to assess
patientcentred outcome(s) under the life
impact domain

= = E I E ]

= =

Discharge destination

Number of days alive and out (
hospital (1 year time point)
Number of days alive analt of
hospital (30 days time point)
Time to return to work

Days off work at particular
endpoints postoperative
Restricted activity days/bed res
in previous 14 days

Time to return to usual activitie
Other (free text entry)

Patientcentred outcome;
pain

Whether chronic pain assessment and/or g
multi-dimensional acute pain assessment \
performed

Chronic pain outcome (>= 3
months/90 days)

Acute pain multidimensional
(<3 months)

Patientcentred outcome;
pain

Whether the study assesgmatsistent opioid
use (>= 1 month/30 days), dependence, us
disorder, overdose, and/or postoperative
opioid-related adverse effects (as a compo
multi-dimensional instrument)

Persistent opioid use (>=1
month/30 days)/use or
dependence/use
disorder/overdose
postoperative opioid related
adverse effects
(multidimensional)

Which of the follow
outcomes was a primary,
or ca-primary outcome of
the study?

Reviewer was instructed to selected any of
the specific instruments selected in the
preceding outcomeelated questions was
primary or a ceprimary outcome of the
study.

If not, reviewer was instructed to indicate
what the primary or cprimary outcome(s)

of the study was in free text.

1

A selection of all the preceding
outcome choices

With the following additions:

T
1

1

Hospital length of stay
Postoperative nausea and/or
vomiting

Shortterm opioid use /
administration (<1 month)
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1 Other (free text entry)
1 Not specified
Aut hordés co|Whether the studyos 1 No effect
the study intervention had redfect, a 1 Equivocal/uncertain
beneficial effect, or a deleterious effect wh¢ 1 Beneficial effect
compared against the control group(s); or 1 Deleterious
whether it was inconclusive (i.e. a
combination of harms and benefits).
Adverse events assesse( Whether the study assessed adverse even T Yes
1 No
Serious adverse events | Whether the study assessed serious adver| T Yes
assessed events 1 No
Follow-up period (days) | The reported followup period, extracted as
number of day(s).
Patientengagement in thg Whether patient engagement was reported 1 Yes
trial the study. 1 No
Funding source The funding source as reported in the stud 1 Government
Reviewer was instructed to clarify between 1 Foundation / charity
no funding (ANoneo) f  Industry (including irkind such
aut hor (rse)p o(rit eato) . as the pharmacologic agent)
1 Institutional/academic
1 Not reported
1 None
Sex and gender Whether the study considered sex and/or 1T VYes
consideration gender of the study participants in the 1 No
analysis of the study outcome(s) (e.g.
subgroup analysis)
Demographic report of sex and/or gender i
not sufficient to s
Genetic factors account | Whether the study examined genetic factol T Yes
for (e.g. gene polymorphism in drug 1 No

metabolization) in study participants
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eTable 2. Detailed characteristics of included trials

Number of

Patient-centred
outcome

Follow-up

Aut hor 6s

Patient

; Intervention(s - . . i
Study Country rSottjodc{)I patients Surgery type S domains assesse| period conclusion of the |engagemen Fsuonudrlcng
P randomized (instruments in (days) intervention(s)? (yes or no)
Intervention group(s) Timing parentheses)
. . . - Intraoperative - Well-bein e : :
Aantaa et al(1991) | Finland No 108 ObstetrieGynecologic Dexmedetomidine or?ly (VAS/NRS Angety) Unspecified Equivocal/uncertain No Industry
Abdelfatah et al. . . Intraoperative - Satisfaction (NRS -
(2021) Egypt Yes 60 Gastrointestinal Esmolol only or categorical) 1 Beneficial effect No None
Gastrointestinal Intraoperative, HRQOL (SF12) Industry
Abdelzmoeigk etal. l;rtutte d Yes 381 3“"09'": Dexamethasone :_hen diol - Function(Fatigue 30 No effect No Institutional/
@09 | S o e S )
AbdelRady et al. . . . Intraoperativel - Satisfaction (NRS -
(2021) Egypt Yes 60 Gastrointestinal Ketamine only or categorical) 2 Beneficial effect No None
Abdelrahman et al. . . Dexmedetomidine; Intraoperative - Satisfaction (NRS .~
(2021) Egypt ves 30 Gastrointestinal Ketamine; Lidocaine only or categorical) 0 Beneficial effect No Unreported
) ) Parecoxib; Metamizol; | Intraoperativel - Satisfaction (NRS
Abdulla et al. (2012] Germany No 120 ObstetrieGynecologic Acetaminophen only or categorical) 1 No effect No None
) . Parecoxib; Metamizol; | Intraoperativel - Satisfaction (NRS
Abdulla et al. (2012] Germany No 120 ObstetrieGynecologic Acetaminophen only or categorical) 1 No effect No None
. Intraoperative| - Satisfaction (NRS
Adam et al. (1999)| France No 130 Mastectomy/lumpectom Ketamine only o categorical) 1 No effect No None
South . . . . Intraoperative - Satisfaction (NRS -
Ahn et al. (2015) Korea No 50 Gastrointestinal Lidocaine only or categorical) 2 Beneficial effect No Government
- Satisfaction (NRS
. . . Intraoperativel  or categorical) . -
Akca et al. (2004) | Turkey No 80 Gastrointestinal Tenoxicam only - Function (Time to Unspecified|  Beneficial effect No None
ambulation)
. S - | Intraoperativel - Satisfaction (NRS s
Akca et al. (2016) | Turkey No 75 Urologic Dexmedetomidine; Ketamin only or categorical) 1 Beneficial effect No None
- Function (Time to
Andjelkovic et al. . . . . Lo . .| Intraoperativel return to bowel) -
(2018) Slovenia Yes 59 Gastrointestinal Lidocaine;Dexmedetomiding only - Acute pain multi 60 Beneficial effect No Unreported
dimensional (Other,
- Well-being (Sleep
. ) quality)
e | - any mcaton s Government
Antila et al. (2019)| Finland Yes 40 Gastrointestinal Hydrocortisone continued to | or sleep disturbanc 90 Beneficial effect No Foundgtlon/
postoperative| attributable to pain Charity
over the previous 7|
days at 6 months)
. United Orthopedic - Intraoperative| - Satisfaction (NRS .~
Arain et al. (2004) States No 34 Others Dexmedetomidine only or categorical) 1 Beneficial effect No None
. . . Intraoperative| - Satisfaction (NRS -~ Institutional/
Areeruk et al. (2016 Thailand Yes 52 ObstetrieGynecologic Dexamethasone only or categorical) 1 Beneficial effect No Academic
Argiriadou et al. . . . Intraoperativel - Well-being (Self -
(2004) Greece No 45 Gastrointestinal Ketamine only rating VAS) 1 Beneficial effect No Industry
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Intraoperative
. . . o . then - Satisfaction (NRS . .
Arikan et al. (2016)| Turkey No 120 ObstetrieGynecologic Ketamine; Magnesium continued to or categorical) 2 Equivocal/uncertain No None
postoperative)
. . . Intraoperativel - Satisfaction (NRS -
Arslan et al. (2013)| Turkey No 300 Gastrointestinal Acetaminophen only or categorical) 1 Beneficial effect No None
Intraoperative,
. United . then - Satisfaction (NRS . . Government
Artime et al. (2017) States No 100 Neurosurgery Acetaminophen continued to or categorical) 1 Equivocal/uncertain No Industry
postoperative
Intraoperative,
. . . . then - Satisfaction (NRS .-
Ates et al. (2020) | Turkey No 55 Otorhinolaryngologic Lidocaine continued to o categorical) 1 Beneficial effect No Unreported
postoperative)
. . . Intraoperative - Satisfaction (NRS -
Ates et al. (2021) | Turkey No 48 Otorhinolaryngologic Ketamine only or categorical) 1 Beneficial effect No Unreported
Intraoperative,
. . Duloxetine; Etoricoxib; then - Satisfaction (NRS .
Attia et al. (2017) Egypt Yes 120 Orthopedic Duloxetine + Etoricoxib | continued to or categorical) 2 Beneficial effect No Unreported
postoperative
Intraoperative| - satisfaction (NRS
. then or categorical) .~
Aubrun et al. (2000] France No 50 Orthopedic Ketoprofen continued to | - Well-being (Self 1 Beneficial effect No Industry
postoperative|  rating VAS)
Intraoperative
. . . then - Well-being Institutional/
Aubrun et al. (2007] France No 90 ObstetrieGynecologic Ketamine continued to| (VAS/INRS Mood) 2 No effect No Academic
postoperative)
- Functio_n (Other
Intraoperative| Knee Injury and
] ) ) then Osteoarthritis o
Aveline et al. (2014] France No 75 Orthopedic Nefopam; Ketamine . Outcome Score 365 Beneficial effect No None
continued to | ppcj .
A ysical function
postoperative) Shortform)
- Chronic pain
Cardiac
Canada, Gastrointestinal
United ObstetrieGynecologic - Well-being (PHQ
Avidan et al. (2017| States, Orthopedic . Intraoperative 19) . Government
& 2018) South Yes 672 Otorhinolaryngologic Ketamine only - Acute pain multi 30 Deleterious No Unreported
Korea, Thoracic (norcardiac) dimensional (Other
India Urologic
Vascular
- Satisfaction (NRS
. ) . . . Intraoperativel  or categorical) -
Awal et al. (2022) India Yes 50 ObstetrieGynecologic Lidocaine only - Well-being (QoR 1 Beneficial effect No Unreported
40)
Intraoperative
Baloch et al. (2021) Pakistan No 84 Orthopedic Pregabalin t_hen - Function (Roland Unspecified  Beneficial effect No None
: continued to Morris)
postoperative)
. . . - . Intraoperative| - Satisfaction (NRS . .
Bekawi et al. (2014 Egypt No 90 Gastrointestinal Pregablin; Gabapentin then or categorical) 1 Equivocal/uncertain No Unreported
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continued to

postoperative)
Foundation/
. | - Well-being (QoR Charity
Bekker et al. (2013 Lénlted No 66 Orthopedic Dexmedetomidine Intraoperative 40 30 Beneficial effect No Industry
tates only - Function (Fatigue S
severity scale) Ir'\:tltLétlon_all
cademic
Nefopam; Ketoprofen;
Acetaminophen; Nefopam .| - Satisfaction (NRS
Ketoprofen; Nefopam + Intra?hp:r:’atlve ?rcﬁgen%g”‘;?g
Beloeil et al. (2018)] France Yes 237 SpecialtyUnspecified | Acetaminophen; Ketoprofe continued to | - Multidimen’;ional 90 Beneficial effect No Government
+ Acetaminophen; Nefopan ol opioid adverse effed
+ Ketoprofen+ postoperative] oo
Acetaminophen
Intraoperative
Benhamou et al. . . - then - Satisfaction (NRS i
(1994) France No 40 Gastrointestinal Clonidine continued to or categorical) Unspecified No effect No None
postoperative)
N Satisfa(_:tion (Othe
Bhatia et al. (2004) India No 50 Gastrointestinal Magnesium Sulfate Intra(())rrl)lsratlve V\Cﬁﬁ gé?ﬁg?é?egp 1 Equivocal/uncertain No None
quality)
Bielka et al. (2018)| Ukraine Yes 60 Gastrointestinal Dexmedetomidine Intragﬁlt;:-/ratlve - Chronic pain 180 Beneficial effect No None
Bilgen et al. (2012)] Turkey No 140 ObstetrieGynecologic Ketamine Intragﬁlsranve - Chronic pain 365 No effect No None
Bisgaard et al Intraoperative _ Fsu;vcetir?t; (s';g}ig)ue Government
(2003) Denmark No 88 Gastrointestinal Dexamethasone only - Life impact (Time 30 Beneficial effect No Irj;(t:glét(le%liacll
to return to work)
Bls%gg(r)(i)e tal Denmark No 200 Gastrointestinal Prednisone Intragrelt;ratlve ) Fu“;tiso/rsh(a\lise;tigue 30 No effect No None
Bjerregaard et al. . . . Intraoperative - Well-being (Sleep . Foundation/
(2017) Denmark Yes 120 Thoracic (norcardiac) Methylprednisolone only quality) 84 Beneficial effect No Charity
- Function (Other
. . . . lity of Lifef
) United Gastrointestinal Intraoperative] QU lte
Blitz et al. (2012) States No 118 ObstetrieGynecologic Dexamethasone only lnf;zr;célr%r;zlisl_l(\ggk 4 No effect No Industry
FLIE))
Intraoperative|
thpen - Life impact (#day
Bolliger et al. (2007] Switzerland)  Yes 141 Vascular Moxonidine - alive and out of 365 No effect No None
continued to | oeni
. pital at 1yr)
postoperative)
- Well-being (Sleep
. quality)
Bouzia et al. (2017) Greece Yes 101 Cardiac Pregabalin Intraopleranve - Chronic pain 90 Beneficial effect No None
only - Aberrant opioid
use posbp
; - Well-being (Beck .
Brinck et al. (2020)| Finland Yes 198 Orthopedic Ketamine Intraoperative inventory) 730 No effect No Instltutlon_al/
only - Chronic pai Academic
pain
Intraoperative
Brulotte et al. (2015 Canada Yes 114 Thoracic (norcardiac) Pregabalin t.h en - Chronic pain 90 No effect No Instltutlon_all
continued to Academic
postoperative)

64



- Well-being (QoR
9)

Bryson et al. (2010] Canada Yes 93 ObstetrieGynecologic Lidocaine Intraopleranve - Acute pain multi 7 No effect No |I’EtltLétl0n.al/
only dimensional (Brief cademic
pain inventory)
- Satisfaction (NRS
or categorical)
- Well-being
(Hospital anxiety &
depression scale)
. - HRQOL (SF36)
Intraoperative| - Function (Rolane
Burke etal. (2010) Ireland No 40 Orthopedic Pregabalin then Morris) 90 Beneficial effect No Industr
. P 9 continued to | - Life impact (Other y
post_operative - Number of patient
back at work at 3
months)
- Chronic pain
- Acute pain multi
dimensional
(McGill)
Intraoperative, - Function Founde}tlon/
Burns et al. (2021)] United Yes 79 Orthopedic Celecoxib then (Orthopedic 365 No effect No I(rigsgt?
' States P continued to | functional recovery) - Y |/
ostoperative| - Chronic pain Institutiona
p Academic
- Well-being (Sleep
qu_ality)
Intraoperative| - FO”;C;:)O;”&?T:’
. 1t
Buvanendran etal,  United No 240 Orthopedic Pregabalin t_hen Outcome Scoiie 180 Beneficial effect No Industry
(2010) States continued to Physical function
postoperative| shortform (KOOS
PS))
- Chronic pain
) . . . - Intraoperative| - Satisfaction (NRS .~
Cai et al. (2016) China Yes 100 Thoracic (norcardiac) Dexmedetomidine only or categorical) 2 Beneficial effect No None
Intraoperative
. . then - Satisfaction (NRS : :
Cakan et al. (2008) Turkey No 40 Orthopedic Acetaminophen continued to or categorical) 1 Equivocal/uncertain No None
postoperative
- Life impact (Time
to return to usual
; activities) .
Cam;(r)(l)g etal. Canada Yes 82 Cardiac Ketamine Intraopleratlve - Chronic pain 90 No effect No Fogr? datt ion/
( ) only - Acute pain multi anty
dimensional (Brief
paininventory)
. . . Intraoperative| - Satisfaction (NRS
Canbay et al. (2006 Turkey No 43 ObstetrieGynecologic Diclofenac only or categorical) 2 No effect No None
Carabine et al. . . - Intraoperative - Well-being o .~
(1991) Ireland No 80 ObstetrieGynecologic Clonidine only (VAS/NRS Anxiety) Unspecified|  Beneficial effect No None
Intraoperative,
) ' Government
; .- then - Satisfaction (NRS . ;
Chang et al. (2017 China No 60 Mastectomy/lumpectom Dexmedetomidine . . 1 Beneficial effect No Foundation/|
continued to or categorical) Charit
postoperative) Y
. . . . S Intraoperativel - Satisfaction (NRS . Institutional/
Chauin et al. (2008) Thailand No 49 ObstetrieGynecologic Etoricoxib only or categorical) 1 Beneficial effect No Academic
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Chen et al. (2015)

China

No

64

Otorhinolaryngologic

Parecoxib

Intraoperative

- Satisfaction (NRS

Beneficial effect

No

None

only or categorical)
Chen et al. (2016)| China Yes 62 Gastrointestinal Dexmedetomidine Intragrpl)lsratlve ) Wel:ﬂ‘:ﬁ%(s'ee’) 3 Beneficial effect No Government
Chen et al. (2020) China Yes 126 Gastrointestinal Dexamethasone Intra(())rrl)liratlve ) HRQ?&éE;’rOQm 3 Beneficial effect No Government
Intraoperative] - Function (Modified Governmen
Chen et al. (2021)| Taiwan Yes 160 Neurosurgery Dexmedetomidine orFl)I ) uncéggk(in)o e 30 Beneficial effect No Institutional/
Yy Academic
Intraoperative,
. . . Dexmedetomidine + then - Well-being (Sleep
Chen et al. (2023) China Yes 81 ObstetrieGynecologic Esketamine continued to quality) 30 No effect No Unreported
postoperative
. . . . Intraoperative , - Well-being -
Cheng et al. (2022 China Yes 80 Thoracic (norcardiac) Ketamine | (Hospital anxiety & 2 Beneficial effect No None
only depression scale)
Intraoperative,
. . . .- then - Satisfaction (NRS - Institutional/
Cheung et al. (2011  China Yes 105 Oralmaxillofacial Dexmedetomidine continued to o categorical) 3 Beneficial effect No Academic
postoperative)
Choetal. (2018) | South Yes 202 Orthopedic Dexamethasone Intraoperative - Well-being (QoR 3 Beneficial effect No None
Korea only 15)
- Satisfaction (NRS
. South . : . . Intraoperativel  or categorical)
Choi et al. (2012) Korea No 60 Plastic & reconstructive Lidocaine only - Function (Time to 3 No effect No None
return to bowel)
Intraoperative, Function (Daily
Choi et al. (2013) South Yes 120 Orthopedic Pregabalin; Pregabalin + then activity level) 180 Beneficial effect No None
Korea Dexamethasone continued to - Chronic pain
postoperative)
. South . . . Intraoperativel - Satisfaction (NRS -
Choi et al. (2016) Korea Yes 56 Endocrine Lidocaine only or categorical) 3 Beneficial effect No Government
; - Well-being (QoR
Choi et al. (2016) Eouth Yes 90 Endocrine Lidocaine Intraopleratlve 40) 90 Equivocal/uncertain No Government
orea only - Chronic pain
. South . . - Intraoperative| - Satisfaction (NRS .
CHoi et al. (2019) Korea Yes 44 Thoracic (norcardiac) Dexmedetomidine only o categorical) 2 Beneficial effect No None
Choi et al. (2021) South Yes 90 Gastrointestinal Dexmedetomidine Intraoperative - Well-being (QoR 1 Equivocal/uncertain No None
Korea only 40)
Choi et al. (2022) Egﬁgg Yes 78 ObstetrieGynecologic | Dexmedetomidine+Lidocain Intragﬁliratlve ) We"'bjg;g (QoR 1 Beneficial effect No Government
. - Chronic pain
Intraoperative| - Acute pain multi
Chumbley et al. United h . . then dimensional (Brief
(2019) Kingdom Yes 77 Thoracic (norcardiac) Ketamine continued to | pain inventory) 360 No effect No Government
postoperative| -Aberrant opioid
use posbp
Intraoperative
. ) . then - Satisfaction (NRS -
Claeys et al. (1992)] Belgium No 40 Orthopedic Diclofenac continued to or categorical) 1 Beneficial effect No None
postoperative)
Een | (ospral sty & Industry
Clarke et al. (2015) Canada No 184 Orthopedic Pregabalin continued to |  depression scale) 90 Equivocal/uncertain No Ir:tlttétlon_all
postoperative| - Function (Timed cademic
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up and go)
- Chronic pain

- Satisfaction (NRS
or categorical)

Coloma et al. (2001 lé?ggi No 53 ObstetrieGynecologic Esmolol Intragﬁliratlve - Life impact (Time 1 Beneficial effect No None
to return to usual
activities)
- Satisfaction (NRS
United . . Intraoperativel  or categorical) -
Coloma et al. (2002 States No 140 Gastrointestinal Dexamethasone only - Well-being (Other 1 Beneficial effect No Industry
QoR)
Intraoperative| - Satisfaction (NRS
Comez et al. (2015] Turkey No 60 Thoracic (norcardiac) Dexketoprofen or categorical) 180 Beneficial effect No None
only - Chronic pain
Intraoperative| . satisfaction (NRS Industry
Cooke et al. (2018 United Yes 128 Gastrointestinal Acetaminophen then or categorical) 2 Beneficial effect No Institutional/
: States continued to | - Well-being (QoR ;
. 15) Academic
postoperative]
Australia,
China , .| - Well-being (QoR Government
Corz:;(r)ezui)et al. New Yes 8880 Others Dexamethasone Intragﬁleranve 15) 180 Equivocal/uncertain No Institutional/
Zealand, Y - Chronic pain Academic
Hong Kong
both (at least|
one arm
intraoperative
Acetaminophen; onlyandat | Satisfaction (NRS
Cokkun et| Turkey No 120 Specialty Unspecified | Lornoxicam; Acetaminophe| least one othg or categorical) 1 Beneficial effect No None
+ Lornoxicam arm
intraoperative
and
postoperative
Intraoperative
) United ) . . then - Satisfaction (NRS Institutional/
Crisp et al. (2017) States Yes 90 ObstetrieGynecologic Acetominophen continued to or categorical) 14 No effect No Academic
postoperative
Intraoperative, -(Hgsl?r(zléagt?;r
Cui et al. (2019) United Yes 74 Orthopedic Dexamethasone then - Function 365 Beneficial effect No Founde}tlon/
States continued to (Disability index) Charity
postoperative| " chronic pain
Intraoperative,
Cuvillon et al. . . then - Satisfaction (NRS Institutional/
(2017) France Yes 78 Gastrointestinal Nefopam continued to or categorical) 2 No effect No Academic
postoperative)
. . - Chronic pain PR
Czar(nZ%tglél) etal. Switzerland| Yes 160 Orthopedic Ketamine Intra(())rpl)liratlve - Aberrant opioid 365 No effect No Irféglétéﬁiiv
use posbp
Dabhl etal. (1997) Norway No 66 ObstetrieGynecologic | Ibuprofen; Acetaminophen Intragﬁliranve ) We':ﬁgﬁg)(s'ee') 4 No effect No Industry
Intraoperative,
. Parecoxib + Valdecoxib; then - Satisfaction (NRS .-
Dahl et al. (2011) | Norway Yes 93 Orthopedic Etoricoxib: Dexamethasonqd continued to or categorical) 7 Beneficial effect No None
postoperative
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- Well-being (QoR

Dai et al. (2020) China No 120 Gastrointestinal Lidocaine Intraopleratlve 15) 90 Beneficial effect No Unreported
only - Chronic pain
De Fl%cgkzt)et al. Belgium No 200 Gastrointestinal Clonidine Intragrpl)lsratlve ) Sﬁ'ﬁ;?ggggég? S 7 Beneficial effect No None
both (at least
one arm
intraoperative
- . only and at . .
De Kock et al. . . . Clonidine; Clonidine + - Satisfaction (NRS -
(1994) Belgium No 80 Gastrointestinal lidocaine Ieast;rr;(]e othe or categorical) 2 Beneficial effect No None
intraoperative
and
postoperative
De Oliveira et al. United - . Intraoperative - Well-being (QoR . Institutional/
(2010) States Yes 120 ObstetrieGynecologic Dexamethasone only 40) 1 Beneficial effect No Academic
De Oliveira et al. United . . Intraoperative - Well-being (QoR - Institutional/
(2011) States Yes 120 ObstetrieGynecologic Dexamethasone only 40) 1 Beneficial effect No Academic
De Oliveira et al. United . . . . Intraoperative - Well-being (QoR . Institutional/
(2012) States Yes 70 ObstetrieGynecologic Lidocaine only 40) 1 Beneficial effect No Academic
De Oliveira et al. United : Intraoperativel - Well-being (QoR -~ Institutional/
(2013) States Yes 50 Mastectomy/lumpectom Magnesium only 40) 1 Beneficial effect No Academic
De Oliveira et al. United . . . . Intraoperative - Well-being (QoR -
(2014) States Yes 51 Gastrointestinal Lidocaine only 40) 1 Beneficial effect No None
De Oliveira et al. United - . Intraoperative - Well-being (QoR Institutional/
(2018) States Yes 70 ObstetrieGynecologic Esmolol only 40) 1 No effect No Academic
. . . - Satisfaction (NRS <
Deng et al. (2009)| China No 200 Orthopedic Ketamine or categorical) 1 Beneficial effect No None
Deniz et al. (2012)| Turkey No 51 Urologic Gabapentin Intragrpl)liratlve ) S:rtf;?gggﬂc(gss 2 Beneficial effect No None
Desjardins et al. United . . Intraoperative - Satisfaction (NRS _
(2004) States No 203 Orthopedic Parecoxib only or categorical) 14 Beneficial effect No Industry
Intraoperative
Dewinter et al. . ) . . . then - Satisfaction (NRS .
(2016) Belgium Yes 80 ObstetrieGynecologic Lidocaine continued to or categorical) 1 Beneficial effect No None
postoperative)
Intraoperative|
Dewinter et al. . . . . then
(2017) Belgium Yes 70 Orthopedic Lidocaine continued to | HRQOL (SF12) 30 No effect No None
postoperative)
Canada,
United
States,
Australia, - Satisfaction (NRS
Argentina, . or categprical) )
Chile. New Intraoperative| - Acute pain multi
Diaz-Borjon et al. Zeaiand Yes 281 Orthopedic Parecoxib + Valdecoxib then dimensional (Brief 7 0 0 Industr
(2017) Bulgaria. P continued to |  pain inventory) y
g ' post_operative —Mgltldlmen3|onal
Czech opioid adverse effeq
Republic, scale
Poland,
Romania,
Ukraine,
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Finland,

Israel, and
South
Africa
. . Government
Dieleman et al. Netherlandg No 4494 Cardiac Dexamethasone Intraoperative - HRQOL (EuroQok 365 Beneficial effect No Foundation/|
(2017) only 5D-5L) :
Charity
- Satisfaction (NRS
. United . . Intraoperativel  or categorical) .
Ding et al. (1992) States No 136 Specialty Unspecified Ketorolac only - Well-being (Self 1 Beneficialeffect No None
rating VAS)
Intraoperative (k;e:,rvniltlc_)tr:eslzgle) Government
Ding et al. (2023) China Yes 70 Orthopedic Duloxetine then - Function 84 Beneficial effect No Institutional/
continued to )
. (WOMAC) Academic
postoperative| . Chronic pain
Intraoperative,
Dissanayake et al. : . then - Satisfaction (NRS -~ Institutional/
(2018) Australia Yes 164 Orthopedic Dexamethasone continued to or categorical) 42 Beneficial effect No Academic
postoperative
- Satisfaction (NRS
or categorical)
Doksrod et al. . Intraoperative| - Well-being (Sleep Institutional/
(2012) Norway Yes 121 Endocrine Dexamethasone only quality) 30 No effect No Academic
- Function (Fatigue
NRS/VAS)
Intraoperative,
. ) . - then - Satisfaction (NRS -
Du et al. (2018) China Yes 84 ObstetrieGynecologic Dexmedetomidine continued to or categorical) 1 Beneficial effect No Government
postoperative
Intraoperative| - HRQOL (SF36)
, . . . then - Chronic pain
Dualé et al. (2009)| France Yes 86 Thoracic (norcardiac) Ketamine continued to| - Aberrant opioid 120 No effect No Government
postoperative| use posbp
: : ; - Satisfaction (NRS
Dulleglg%%f etal. Switzerland  No 120 OrthS ped|c_$f_p(20|a|ty Ketamine Intraopleranve or categorical) 90 No effect No None
( ) nspeciie only - Chronic pain
. . . . - Life impact (Time
Edwards et al. Wales No 80 Gastromtestlnalc_)bstetr-i Diclofenac Intraoperative to return to usual 2 No effect No None
(1991) Gynecologic only activities)
Intraoperative,
United ) . then - Satisfaction (NRS -
Ekman et al. (2006 States No 200 Orthopedic Celecoxib continued to or categorical) 1 Beneficial effect No Industry
postoperative)
Intraoperative
El Chaar et al. United . . . then - Satisfaction (NRS -
(2016) States Yes 100 Gastrointestinal Acetominophen continued to or categorical) 30 Beneficial effect No Industry
postoperative)
Erge;r;ggl;) etal. Turkey Yes 64 Urologic Acetaminophen Intragrﬁ)liratlve ) Sﬁ'ﬁ;?ggg:é;\:)’q S 1 Beneficial effect No None
Eskandar et al. . . Intraoperative - Satisfaction (NRS -
(2013) Egypt No 80 Orthopedic Pregabalin only or categorical) 1 Beneficial effect No None
United Neurosurgery . . Intraoperative| . Institutional/
Farag et al. (2013) States Yes 116 Orthopedic Lidocaine then HRQOL (SF12) 90 Beneficial effect No Academic
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continued to
postoperative
. . . Intraoperative| - Satisfaction (NRS - Foundation/|
Feng et al. (2008)| China No 37 Orthopedic Rofecoxib only or categorical) 3 Beneficial effect No Charity
both (at least|
one arm
intraoperative ) )
Fleckenstein et al Gastrointestinal only and at ‘Afjli‘rtﬁeaz'igr:;"“ Industry
(2016) ‘| Germany Yes 103 ObstetrieGynecologic Etoricoxib least one othe (German Society fo 3 No effect No Institutional/
Thoracic (norcardiac) ~am | “the Study of Pain) Academic
intraoperative
and
postoperative
- Life impact (Other Foundation/
. Intraoperativel - DiseaseFree Charity
Forget et al. (2019) Belgium Yes 203 Mastectomy/lumpectom Ketorolac only Survival (DFS) at 780 No effect No Institutional/
two years) Academic
Foundation/
Forget et al. (2020) Belgium Yes 203 Mastectomy/lumpectom Ketorolac Intraoperative Chronic pain 730 Equivocal/uncertain No C.haf”y
only Institutional/
Academic
United . . . . Intraoperative| - Satisfaction (NRS . -
Foster et al. (1985 Kingdom No 40 Oralmaxillofacial Lysine Acetylsalicylate only or categorical) 1 Equivocal/uncertain No Industry
. . Intraoperative - Satisfaction (NRS -
Fujii etal. (2002) Japan No 120 ObstetrieGynecologic Dexamethasone only or categorical) 5 Beneficial effect No None
Intraoperative, o
. . . then - Chronic pain -
Gaber et al. (2019 Egypt No 60 Thoracic (norcardiac) Pregabalin - - Acute pain multi 20 Beneficial effect No Unreported
continued to | :
. dimensional (Other’
postoperative
. - Acute pain mult
Intraoperative| dimensional (Brief
United . . . . then pain inventory) .-
Gan et al. (2004) States No 276 Gastrointestinal Parecoxib + Valdecoxib continued to | - Multidimensional 4 Beneficial effect No None
postoperative| opioid adverse effed
scale
- Well-being (QoR
. . . - Intraoperative 40) -
Ge et al. (2015) China Yes 71 Gastrointestinal Dexmedetomidine only - Function (Fatigue 14 Beneficial effect No Unreported
severity scale)
- Well-being (QoR
. . . - Intraoperative 40) -
Ge et al. (2016) China Yes 64 ObstetrieGynecologic Dexmedetomidine only - Function (Fatigue 14 Beneficial effect No None
severity scale)
Intraoperative,
Ge et al. (2021) China No 105 Gastrointestinal Parecoxib t.h en - Chronic pain 920 Beneficial effect No |nst|tut|on_a|/
continued to Academic
postoperative
Intraoperative| - Satisfaction_ (NRS
. . . then or categorical) Foundation/
George et al. (2014 Canada Yes 101 ObstetrieGynecologic Pregabalin ] - HRQOL (SF36) 180 No effect No 8
continued to | = nction (Daily Charity
postoperative|  activity level)
Intraoperativel - Satisfaction (NRS
Ghimire et al. (2020 Nepal Yes 64 Gastrointestinal Lidocaine | or categorical) 90 Beneficial effect No Unreported
only - Well-being (QoR
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40)

- Chronic pain
Intraoperative,
Glan((;séillzo) etal. Italy No 60 Neurosurgery Pregabalin con:&eur:e dto ) HRQSOEI;éE;"OQm 365 Beneficial effect No Unreported
postoperative)
Intraoperative| - satisfaction (NRS
. . . Gabapentin; Rofecoxib; then or categorical) .-
Gilron et al. (2005)| Canada No 110 ObstetrieGynecologic Gabapentin + Rofecoxib | continued to| - Well-being (Sleep 30 Beneficial effect No None
postoperative quality)
- Satisfaction (NRS
. . . Gabapentin; Meloxicam; | Intraoperativel  or categorical)
Gilron et al. (2009)| Canada Yes 89 Gastrointestinal Gabapentin + Meloxicam only - Life impact (Time 30 No effect No None
to return to work)
Gonano et al. (2011 Canada No 40 Orthopedic Pregabalin Intragrr])lizlranve NA'Smil'sbi'r?gety) 1 Beneficial effect No Unreported
Gop(azlgegg)et al. India No 40 Oratmaxillofacial Ketorolac Intragﬁliranve - S(f}tig;?ecggz C(Q)RS 5 Beneficial effect No None
Intraoperative,
Govindarajan et al| United . . then - Satisfaction (NRS .
(2005) States No 50 Gastrointestinal Ketorolac continued to or categorical) 1 Beneficial effect No None
postoperative
Grady et al. (2012) Lé?gtee i No 50 ObstetrieGynecologic Lidocaine Intragﬁliratlve ) S;“g;?gggﬂ C(;\:)R S 3 Beneficial effect No Government
Intraoperative,
United ’ . . ] . then - Function (6minute ’ Institutional/
Grady et al. (2012) States No 64 ObstetrieGynecologic Lidocaine, Ketamine continued to walk) 2 Deleterious No Academic
postoperative)
Intraoperative
Gre?;gi% etal. Lért];tee i Yes 140 Neurosurgery Acetaminophen con:irrlﬁjne dto ) Sc?'g;?gggﬂc(;\:? S 1 Equivocal/uncertain No Industry
postoperative)
- Well-being
Grigoras et al. . . Intraoperativel (Hospital anxiety & .-
(2012) Ireland No 36 Mastectomy/lumpectom Lidocaine only degrﬁssipn scale) 90 Beneficial effect No None
- ronic pain
Intraoperative| - Well-being (Sleep
then quality) Government
Grosen et al. (2014 Denmark Yes 104 Thoracic (norcardiac) Gabapentin continued to | - Function (6minute 180 No effect No Foundation/|
walk i
postoperative] - Chronig pain Charity
Intraoperative
Gupta et al. (2016) sz?eltttee i No 78 Orthopedic Acetaminophen con:i:eurc]a dto ) We"'big;g (QoR 5 Beneficial effect No Unreported
postoperative)
: - Satisfaction (NRS
Haddad et al. (2019 Tunisia No 62 Urologic Parecoxib Intragrrl)liratlve or categorical) 365 Beneficial effect No None
- Chronic pain
United Mastectomy/lumpectom Intra(t)hpeer:atlve - Chronic pain Institutional/
Hah et al. (2018) Yes 422 Orthopedic Gabapentin . - Aberrant opioid 730 No effect No )
States Thoracic (norcardiac) continued to use posop Academic
postoperative)
i . - Well-being (Beck Government
Hah et al. (2020) LSthntte d Yes 410 Mastecct)orr:yllug?pectom Gabapentin Intra(t)hperanve inventory) 730 Equivocal/uncertain No Institutional/
ates rthopedic en - HRQOL (EuroQo Academic
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Plastic & reconstructive

continued to

VAS)

Thoracic (norcardiac) postoperative| - Chronic pain
- Aberrant opioid
use posbp
Hakim et al. (2019)] Egypt No 80 ObstetrieGynecologic Dexmedetomidine Intrac())rp])lt)e/ratlve ) We"'bjg;g (QoR 1 Beneficial effect No Unreported
Intraoperative
Halvorsen et al. . then - Satisfaction (NRS . Institutional/
(2003) Norway No 294 Cardiac Dexamethasone continued to or categorical) 6 Beneficial effect No Academic
postoperative)
. . . - Intraoperative N -
Han et al. (2019) China No 80 ObstetrieGynecologic Dexmedetomidine only - Chronic pain 365 Beneficial effect No Government
Intraoperative,
United . . then - Well-being (Sleep -
Hanna et al. (2003 Kingdom No 172 Orthopedic Ketoprofen; Dexketoprofen continued to quality) 1 Beneficial effect No Industry
postoperative)
- Life impact (Other
- number of days
alive and out of
: hospital (90 days
Hasegg;voa etal. Japan Yes 124 Gastrointestinal Methylprednisolone Intraopleranve time point); 90 Beneficial effect No Unreported
( ) only Comprehensive
Complication Index
(ClavienDindo
Classification))
Intraoperative,
. . then - Well-being Foundation/|
Hauer et al. (2012)] Germany Yes 111 Cardiac Hydrocortisone continued to|  (Hamilton scale) 180 No effect No Charity
postoperative)
Intraoperative ) i
) ) ) then - Satisfaction (NRS
Hayes et al. (2004) Australia No 45 Orthopedic Ketamine . or categorical) 180 No effect No None
continued to - Chronic pain
postoperative
- Well-being
(Hospital anxiety &
depression scale)
. . Intraoperativel - Function (Roland Institutional/
Hegarty et al. (2011 Ireland No 32 Orthopedic Pregabalin only Morris) 1 No effect No Academic
- Acute pain mult
dimensional
(McGilly
- HRQOL (Other
. European
Intraoperative|  Organization for
Helmond et al. ) . then Research and
(2016) Netherlandy Yes 138 Mastectomy/lumpectom Parecoxib + Celecoxib continued to | Treatment of Canca 365 No effect No Industry
postoperative| _ Quality of Life
Questionnairec30)
- Chronic pain
. Intraoperativel - Well-being (QoR - Institutional/
Hetta et al. (2020) Egypt Yes 88 Mastectomy/lumpectom Duloxetine only 40) 1 Beneficial effect No Academic
. . Ketamine; Acetaminophen| Intraoperative - Satisfaction (NRS L
Heydari et al. (2017 Iran No 129 Orthopedic Magnesium Sulfate only or categorical) 1 Beneficial effect No None
Intraoperative,
Ho et al. (2010) | Singapore No 50 Orthopedic Duloxetine con:irr]ﬂ:ad to - Chronic pain 180 Beneficial effect No None
postoperative)
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Intraoperative

- Well-being (QoR

Hontoir et al. (2016] Belgium Yes 66 Mastectomy/lumpectom Clonidine + Ketamine only 40) 1 Equivocal/uncertain No None
Intraoperative,
Hu et al. (2014) China No 81 Thoracic (norcardiac) Ketamine con:ir:\ir(]ed to - Chronic pain 180 No effect No Unreported
postoperative
. . . . Intraoperativel - Satisfaction (NRS
Huang et al. (2014) Taiwan No 55 Otorhinolaryngologic Parecoxib only or categorical) 1 No effect No None
: : - Well-being
Hudetz et al. (2009 LSthutte d No 52 Cardiac Ketamine Intraopleratlve (Geriatric depressio 7 Beneficial effect No Government
ates only scale)
Government
. ) Foundation/|
Huyan et al. (2019)) China No 360 Thoracic (norcardiac) Dexmedetomidine Intraoperative - Well-being (Sleep 7 Beneficial effect No Charity
only quality) .
Institutional/
Academic
Ibrahim et al. (2018] Egypt Yes 40 Orthopedic Lidocaine Intragﬁliratlve - Chronic pain 90 Beneficial effect No Unreported
Ibrahim et al. (2022] Egypt Yes 103 Gastrointestinal K[;(::r?]]i?]ie}roméﬂgsi;e Intra(())r[]);ranve 'We”'bfg;g (QoR 1 Beneficial effect No Unreported
- Satisfaction (NRS
- United . . Acetaminophen; Celecoxib| Intraoperativel  or categorical) - Foundation/
Issioui et al. (2002) States No 112 Otorhinolaryngologic Acetaminophen + Celecoxi only - Well-being (Other 1 Beneficial effect No Charity
QoR)
- Satisfaction (NRS
; or categorical) .
Ithnin et al. (2019)| Singapore| Yes 90 ObstetrieGynecologic Ketamine Intraopleranve - Well-being (Other 1 No effect No Fog;\dattlon/
only -Profile of Mood arnty
Scale)
Ittichaikulthol et al. . . . . Intraoperative - Satisfaction (NRS -
(2009) Thailand No 80 ObstetrieGynecologic Pregabalin only or categorical) 0 Beneficial effect No None
Ittichaikulthol et al. . . - . Intraoperative - Satisfaction (NRS -
(2010) Thailand No 120 Orthopedic Celecoxib; Parecoxib only or categorical) 1 Beneficial effect No None
Intraoperative,
) ) . then - HRQOL (Other . -
Jain et al. (2012) India No 86 Mastectomy/lumpectom Dexmedetomidine tinued t QoL measure) | Unspecified  Beneficial effect No None
continue : 0 - Chronic pain
postoperative]
Jakobsson et al. ) . A . Intraoperative - Well-being o -
(1996) Sweden No 200 ObstetrieGynecologic Diclofenac;Ketorolac only (VAS/NRS Anxiety) Unspecified|  Beneficial effect No None
Intraoperative| - satisfaction (NRS
. . . . then or categorical)
Jaoua et al. (2010} Tunisia No 42 Gastrointestinal Magnesium continued to | - Well-being (Sleep 1 No effect No None
postoperative quality)
- Satisfaction (NRS
Javaherforooshzadg . . Intraoperativel  or categorical) - Institutional/
etal. (2018) Iran Yes 90 Orthopedic Gabapentin only - Well-being (Self 1 Beneficial effect No Academic
rating VAS)
United Gastrointestinal - Intraoperative - Satisfaction (NRS .
Jeffs et al. (2002) Kingdom No 60 ObstetricGynecologic Clonidine only or categorical) 2 Beneficial effect No None
. United ) . Intraoperative - Satisfaction (NRS .-
Jelacic et al. (2015 States Yes 68 Cardiac Acetaminophen only or categorical) 2 Beneficial effect No Industry
Jena et al. (2023) India no 100 Otorhinolaryngologic Dexmedetomidine Intra(())rpl)liratlve ) We"'bjg;g (QoR 1 Beneficial effect No None
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Intraoperative

- Function (6minute

Jendoubi et al. Tunisia Yes 63 Urologic Lidocaine; Ketamine then walk) 90 Beneficial effect No Unreported
(2017) continued to - Chronic pain
postoperative)
Intraoperative| - HRQOL (SF12)
Jeyamohan et al. United then - Function . . Institutional/
(2015) States Yes 112 Neurosurgery Dexamethasone continued to | (Disabiliy index) 720 Equivocal/uncertain No Academic
postoperative| - Chronic pain
Government
. . Foundation/
Jiang et al. (2016)[ China Yes 120 Orthopedic Ketamine Intragﬁleranve 'We”'bi'gr;g (PHQ 5 Beneficial effect No Charity
Y Institutional/
Academic
Intraoperative, G
i i i ; - then - Well-being (QoR - overnmen
Jiang et al. (2019)| China Yes 60 Plastic & reconstructive Dexmedetomidine continued to 40) 1 Beneficial effect No Foundation/|
. Charity
postoperative]
Intraoperative,
: : : . then - Satisfaction (NRS . . Governmem
Jokela et al. (2008) Finland No 91 ObstetrieGynecologic Pregabalin ; : 5 Equivocal/uncertain No Foundation/|
continued to or categorical) .
. Charity
postoperative]
. . . Intraoperative - Satisfaction (NRS -~ Foundation/|
Jokela et al. (2009) Finland No 129 ObstetrieGynecologic Dexamethasone only or categorical) 5 Beneficial effect No Charity
. : Intraoperative - Satisfaction (NRS Institutional/
Jones et al. (2009) Australia No 82 Neurosurgery Parecoxib only or categorical) 1 No effect No Academic
Intraoperative| - Satisfaction (NRS
; or categorical) :
Jones et al. (2022) United Yes 82 Orthopedic Ketorolac t_hen - Chronic pain 84 Beneficial effect No Founda_mon/
States continued to | _ aperrant opioid Charity
postoperative use posbp
Intraoperative,
Joseph et al. (2012 France Yes 60 Thoracic (norcardiac) Ketamine con:ir:ﬁjr:e dto - Chronic pain 90 No effect No None
postoperative)
Intraoperative,
. . . . then R -
Joshi et al. (2013) India No 40 Cardiac Pregabalin continued to - Chronic pain 90 Beneficial effect No Unreported
postoperative
Joung et al. (2018 Eg;}g Yes 40 Thoracic (norcardiac) Dexamethasone Intragﬁlt;:-/ratlve ) We"'big;g (QoR 3 No effect No Unreported
4 . . - Intraoperative| - Satisfaction (NRS . . Institutional/
Jouybar et al. (2022 Iran Yes 60 Plastic & reconstructive Dexmedetomidine only or categorical) 0 Equivocal/uncertain No Academic
Intraoperative
JulesElysee et al. United ) . then - Satisfaction (NRS -
(2012) States Yes 36 Orthopedic Hydrocortisone continued to or categorical) 180 Beneficial effect No Unreported
postoperative)
.| -HRQOL (EuroQol
Kang etal. (2020) South Yes 184 Mastectomy/lumpectom Ketamine Intraoperative 5D-5L) 180 Equivocal/uncertain No Unreported
Korea only - Chronic pain
Karaman et al. . . . Intraoperative - Satisfaction (NRS .-
(2008) Turkey No 60 Gastrointestinal Lornoxicam only or categorical) 1 Beneficial effect No Unreported
Kararmaz et al. . . Intraoperative| - Satisfaction (NRS -
(2003) Turkey No 40 Urologic Ketamine only or categorical) 2 Beneficial effect No None
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Kasputyte et al. . . . . . Intraoperative| - Satisfaction (NRS . . .
(2020) Lithuania No 40 Gastrointestinal Ketamine only or categorical) Unspecified Equivocal/uncertain No Unreported
. . . Dexamethasone + Intraoperative| - Satisfaction (NRS . .
Kassim et al. (2018 Egypt Yes 75 ObstetrieGynecologic Duloxetine: Duloxetine orFl)Iy or categoric(al) Unspecified  Beneficial effect No Unreported
Dermatologic
Endocrine
Cardiac
Gastrointestinal
Mastectomy/lumpectom
Neurosurgery
" ObstetrieGynecologic . ) i
Katz et al. (1993) Lé?;ttee i No 48 Ophthalmic Ketamine Intragﬁleratlve ) S;t'g;?gggz C(Q:)RS Unspecified|  Beneficial effect No None
Oralmaxillofacial y
Orthopedic
Otorhinolaryngologic
Plastic & reconstructive
Thoracic (norcardiac)
Urologic
Vascular
- Well-being (State
trait inventory)
. . Intraoperativel - Chronic pain Government
Katz et al. (2004) | Canada No 143 Urologic Ketamine only - Acute pain mult 180 No effect No Industry
dimensional
(McGilly
. . . . Intraoperative - Satisfaction (NRS -
Kaur et al. (2015) India No 80 Gastrointestinal Ketamine only or categorical) 1 Beneficial effect No Unreported
Kavak Akelma et al . . . . Intraoperative| - Satisfaction (NRS -
(2014) Turkey No 48 Gastrointestinal Lidocaine, Esmolol only or categorical) 1 Beneficial effect No None
Kaygusuz et al. . . Intraoperative| - Satisfaction (NRS .
(2007) Turkey Yes 60 Urologic Lornoxicam only or categorical) 1 Beneficial effect No None
; ; - Well-being (QoR —
Kendall et al. (2018 LSthutte d Yes 148 Mastectomy/lumpectom Lidocaine Intraopleranve 40) 180 Beneficial effect No "Et'tlét'on.av
ates only - Chronic pain cademic
Khademi et al. Iran Yes 110 Mastectomy/lumpectom Dexmedetomidine Intraoperative Chronic pain 90 Beneficial effect No Instltutlon_all
(2022) only Academic
-HRQOL (SF36)
Intraoperative, A‘cigop”;icnpri'gm
Khan etal. (2019) Canada Yes 100 Mastectomy/lumpectom Pregabal_ln; L|(_10ca|r_1e; t_hen dimensional 90 Equivocal/uncertain No InSt'tUt'on.aV
Pregabalin + Lidocaine | continued to (McGill) Academic
postoperative| . Aperrant opioid
use posbp
Khanduja et al. India No 60 Gastrointestinal Dexmedetomidine Intraoperative) - Well-being (Other Unspecified|  Beneficial effect No Unreported
(2014) only QoR)
Intraoperative, Function
Khurana et al. . . . then - -
(2014) India No 90 Neurosurgery Gabapentin; Pregabalin continued to ) é?\%vrﬁ?;rgin 20 Beneficial effect No Unreported
postoperative|
both (at least|
one arm
h South . . intraoperative o -
Kim et al. (2010) Korea Yes 99 Endocrine Pregabalin only and at - Chronic pain 90 Beneficial effect No None
least one othe
arm
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intraoperative

and
postoperative
Intraoperative,
. South . . then - Satisfaction (NRS .
Kim et al. (2011) Korea No 84 Orthopedic Pregabalin continued to or categorical) 2 Beneficial effect No Unreported
postoperative)
- Satisfaction (NRS
; or categorical)
Kim et al. (2013) Eouth Yes 34 Gastrointestinal Lidocaine Intraopleranve - Function (Other 2 Beneficial effect No Government
orea only time to return to
regular diet)
. South . . . Intraoperative| - Satisfaction (NRS -
Kim et al. (2013) Korea Yes 51 Orthopedic Lidocaine only or categorical) 5 Beneficial effect No None
Intraoperative
. South . then - Satisfaction (NRS -
Kim et al. (2013) Korea No 60 Neurosurgery Ketamine continued to or categorical) 2 Beneficial effect No None
postoperative)
Kim et al. (2013) Eg:gg Yes 92 Mastectomy/lumpectom Dexmedetomidine Intra(())rgl)lz)e/ratlve ) We"'bzg;g (QoR 1 Beneficial effect No None
Kim et al. (2013) South Yes 100 Oralmaxillofacial Dexmedetomidine Intraoperative - Well-being (QoR 1 Beneficial effect No None
Korea only 40)
Kim et al. (2017) licc::]etg Yes 58 Otorhinolaryngologic Nefopam Intra(c))slt;:-/ratlve - Chronic pain 90 Beneficial effect No None
- Well-being (QoR
40)
. South . . . Intraoperativel - Chronic pain .-
Kim et al. (2017) Korea Yes 126 Mastectomy/lumpectom Lidocaine; Magnesium only - Acute pain multi 90 Beneficial effect No Unreported
dimensional
(McGill)
Kim et al. (2018) South Yes 135 Endocrine Lidocaine; Magnesium Intraoperative - Well-being (QoR 2 Beneficial effect No Instltutlon_al/
Korea only 40) Academic
. South . - Intraoperative - Well-being (QoR
Kim et al. (2019) Korea Yes 169 Endocrine Dexmedetomidine only 40) 1 No effect No None
Intraoperative,
. South . . . then - Satisfaction (NRS .
Kim et al. (2020) Korea Yes 132 Urologic Lidocaine continued to or categorical) 1 Beneficial effect No Unreported
postoperative
. South . Intraoperative - Satisfaction (NRS . Institutional/
Kim et al. (2021) Korea Yes 100 Orthopedic Dexamethasone only or categorical) 28 Beneficial effect No Academic
Intraoperative - Function
. South . . . then (Orthopedic -
Kim et al. (2022) Korea Yes 98 Orthopedic Lidocaine continued to | functional recovery) 90 Beneficial effect No None
postoperative| - Chronic pain
Kinney et al. (2012 United Yes 146 Thoracic (norcardiac) Gabapentin Intraoperative Chronic pain 90 No effect No Founda_\tlon/
States only Charity
Foundation/|
. . . . Intraoperativel - Well-being (QoR Charity
Kleif et al. (2017) | Denmark Yes 78 Gastrointestinal Methylprednisolone only 15) 3 No effect No Institutional/
Academic
Kleine-Brueggeney . Mastectomy/lumpectom Delta9- Intraoperativel - Well-being (Sleep ’ Institutional/
et al. (2015) Switzerland ~ Yes 40 ObstetrieGynecologic Tetrahydrocannabinol only quality) ! Deleterious No Academic
. United . . . Intraoperative| - Well-being (State
Klinger et al. (2019 States Yes 478 Cardiac Lidocaine then trait inventory) 365 No effect No None
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continued to

“HRQOL (SF36)

postoperative| - Function (Daily
activity level)
. - Well-being (Beck -
Kok et al. (2015 & Netherlandg No 1244 Cardiac Dexamethasone Intraoperative inventory) 1460 Equivocal/uncertain No Founde_ltlon/
2018) onl Charit
y - HRQOL (SF36) Y
Intraoperative| - Hﬁﬁghié'ﬁ;ﬁa
Konst(azrg)tlags etal. Australia No 100 Thoracic (norcardiac) Pregabalin con:i:eurc]a dto| Acute pain multi 270 No effect No Industry
dimensional
postoperative (McGill)
- Well-being (QoR
Koshyari et al. . . . . . Intraoperative 40) .- Institutional/
(2019) India No 90 ObstetrieGynecologic Lidocaine only - Function (6minute 5 Beneficial effect No Academic
walk)
Intraoperative,
United . . then .
Kroll et al. (2010) States Yes 319 ObstetrieGynecologic Ibuprofen continued to 5 Beneficial effect No Industry
postoperative)
- Well-being
; .+ (Geriatric depressiol -
Le et al. (2016) l;rtutte d Yes 55 Gastrointestinal Ibuprofen Intraopleratlve scale) 3 Beneficial effect No Irjo'\sutléuon_all
ates only - Function (Fatigue cacemic
severity scale)
Lee et al. (2016) l‘:’gf;g Yes 111 Thoracic (norcardiac) Dexmedetomidine Intragﬁln)alranve - We"'bf(')';g (QoR 2 Beneficial effect No Government
Lee et al. (2017) Egﬁgg Yes 64 Endocrine Ketamine '””agr’:@’a“"e - Chronic pain 90 Beneficial effect No "‘Aség‘été%'ii"
Intraoperative, ion (Identi
] ] ) then - Function (I entity o
Lei et al. (2017) China Yes 110 Orthopedic Dexamethasone continued to | conseduence fatigu 5 Beneficial effect No Government
. scale
postoperative] )
Intraoperative, ) )
] ] ) then - Satlsfacuoq (NRS o
Lei et al. (2020) China Yes 165 Orthopedic Dexamethasone continued to or categorical) 90 Beneficial effect No Government
. - Chronic pain
postoperative] P
. ) ) ) - Intraoperative - Satisfaction (NRS .-
Li et al. (2015) China No 44 ObstetrieGynecologic Dexmedetomidine only or categorical) 1 Beneficial effect No None
Intraoperative,
Li et al. (2017) China Yes 285 Cardiac Dexmedetomidine then - Well-being (Sleep 30 No effect No Institutional/
continued to quality) Academic
postoperative)
. . . . Intraoperative - Well-being (Sek
Li et al. (2018) Canada Yes 47 ObstetrieGynecologic Gabapentin only rating VAS) 1 No effect No Unreported
Intraohperative - Satisfaction (NRS
. . . . then or categorical) -
Li et al. (2018) China No 112 Orthopedic Hydrocortisone continued to | - Function (Daily 30 Beneficial effect No None
postoperative|  activity level)
- HR%?i'e-f)(WHO Government
Liet &2152%020 & China Yes 620 Specialty Unspecified Dexmedetomidine Intraopleratlve - Life impact (#day 1095 Beneficial effect No FoCLJt?thlon/
) only alive and out of arity
hospital at 30d) None
. . . . - Intraoperative N - Government
Li et al. (2021) China No 75 Thoracic (norcardiac) Dexmedetomidine only - Chronic pain 180 Beneficial effect No Foundation/
Charity
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Institutional/

Academic
. - Well-being
Li et al. (2022) China Yes 83 Orthopedic Esketamine Intraopleratlve (Hospital anxiety & 3 Beneficial effect No None
only depression scale)
Intraoperative,
. . . then .
Li et al. (2022) China Yes 100 Orthopedic Dexamethasone continued to 3 Beneficial effect No Government
postoperative
- Well-being (QoR
. 15)
Li et al. (2023) China Yes 260 Neurosurgery Dexmedetomidine Intraopleratlve - Life impact (#day 30 Beneficial effect No Government
only alive and out of
hospital at 30d)
. . L Intraoperativel - Satisfaction (NRS -

Lierz et al. (2012) | Germany Yes 66 Orthopedic Etoricoxib only or categorical) 1 Beneficial effect No Industry
Liu et al. (2022) China Yes 120 Oralmaxillofacial Dexmedetomidine Intragﬁ;ratlve ) Wel:ﬁglﬂg)(SIeep 1 No effect No Government
Lu et al. (2022) China Yes 64 Thoracic (norcardiac) Lidocaine Intragrr])lizlranve - Chronic pain 180 Beneficial effect No Unreported

Intra(t)hp:r:anve - Well-being Government|
Lunn et al. (2015) | Denmark Yes 120 Orthopedic Escitalopram ; (Hospital anxiety & 7 No effect No Foundation/
continued to . :
. depression scale) Charity
postoperative
Intraoperative, - Well-being
Lunn et al. (2015 & : : then (Hospital anxiety & . : Industry
2018) Denmark Yes 300 Orthopedic Gabapentin continued to | - depression scale) 1456 Equivocal/uncertain No None
postoperative| - Chronic pain
Luo et al. (2022) China No 128 Neurosurgery Dexmedetomidine Intraoperative - Well-being (Beck 3 Beneficial effect No None
only inventory)
- Satisfaction (NRS
or categorical)
- Well-being (QoR
. 9)
Luscombe et al. Australia No 90 ObstetrieGynecologic Parecoxib Intraoperative Function (Daily 1 Beneficial effect No None
(2010) only activity level
y level)
- Acute pain mult
dimensional (Brief
pain inventory)
.| - Well-being (QoR Government
; ; . : ; Intraoperative 40) - L
Lv et al. (2021) China Yes 138 Gastrointestinal Lidocaine only - Function (Time to 3 Beneficial effect No Institutional/
return to bowel) Academic
United . . o Intraoperativel - Satisfaction (NRS .
Lysak et al. (1994) States No 90 Gastrointestinal Ketorolac; Piroxicam only or categorical) 1 Beneficial effect No None
- Satisfaction (NRS
Intraoperative V\‘;‘;”C%t;%‘;”g‘gR Foundation/|
Ma et al. (2004) | United No 60 Gastrointestinal Rofecoxib then 9) 14 Beneficial effect No Charity
States continued to | _ ire impact (Time Institutional/
postoperative| o return to usual Academic
activities)
- Satisfaction (NRS
: or categorical)
Ma et al. (2021) Taiwan Yes 56 Orthopedic Parecoxib Intragﬁlsratlve - Function (Other 14 Beneficial effect No Unreported

Maximum Range of|

Motion with
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Continuous Passivg
Motion Device

tolerance)
- HRQOL (EuroQol
United Intraoperative 5D-5L) Governmen
Magill et al. (2017) Kinad Yes 1350 Gastrointestinal Dexamethasone pl - Function (Chronic 30 Beneficial effect Yes Foundation/
Ingdom only illness therapy Charity
fatigue)
- Satisfaction (NRS
Intraoperative V\‘/’fncal‘)t?g‘)”(‘g')R
: : . : - Well-being (Qo -
Maheszrg)vggrl etal. Lénlted Yes 299 Orthopedic Gabﬁgentl_n, A(;(etam{nophe t_hen g 15) 3 No effect No IrjAstlthJltlon_aI/
( ) tates idocaine; Ketamine continue _to - Multidimensional cademic
postoperative| opioid adverse effeq
scale
Manimaran et al. India No 100 Otorhinolaryngologic Dexmedetomidine Intraoperative - Well-being (QoR 1 Beneficial effect No None
(2018) only 40)
. - Well-being (Sleep
Intraoperative quality)
’ h . - then - HRQOL (Other . Institutional/
Mao et al. (2020) China Yes 62 Thoracic (norcardiac) Dexmedetomidine continued to | Short Form 8 (S/) 90 Beneficial effect No Academic
postoperative] ~ health survey)
- Chronic pain
Mariappan et al. . . . . Intraoperative - Satisfaction (NRS Institutional/
(2021) India No 60 ObstetrieGynecologic Ketamine only or categorical) 1 No effect No Academic
Martins et al. (2018] Brazil Yes 70 Gastrointestinal Pregabalin Intragrpl)lsratlve ) We"'bzg;g (QoR 1 No effect No None
Massoth et al. . . Dexmedetomidine + Intraoperative - Satisfaction (NRS . . .
(2021) Germany Yes 157 ObstetrieGynecologic Esketamine only or categorical) Unspecified Equivocal/uncertain No None
. . - Intraoperative - Satisfaction (NRS :
Masud et al. (2017) Bangladesii No 60 Gastrointestinal Clonidine only or categorical) 1 Beneficial effect No None
Intraoperative| - satisfaction (NRS
. . . then or categorical) -
Matsota et al. (2020 Greece Yes 42 Gastrointestinal Ketamine continued to | - Well-being (Sleep 2 Beneficial effect No Unreported
postoperative| quality)
. - Intraoperative - Satisfaction (NRS
Mayson et al. (2000 Canada No 43 Urologic Clonidine only or categorical) 2 No effect No None
Intraoperative,
McDonald et al. United . then - Well-being (Sleep -
(2019) States Yes 128 Orthopedic Ketorolac continued to quality) 84 Beneficial effect No None
postoperative
Intraoperative, Chronic pain
Mendola et al. Italy No 66 Thoracic (norcardiac) Ketamine t.hen - Aberrantopioid 180 No effect No None
(2012) continued to use posbp
postoperative
- Satisfaction (NRS Government
Menigaux et al. . . Intraoperativel  or categorical) - ’
(2001) France No 50 Orthopedic Ketamine only - Function (Time to 3 Beneficial effect No Founde_ltlon/
ambulation) Charity
. . . Intraoperative - Satisfaction (NRS -
Mentes egl. (2008)| Turkey No 83 Gastrointestinal Magnesium only or categorical) 1 Beneficial effect No None
Mercanoglu et al. Turkey No 90 Gastrointestinal Ketamine; Dexmedetomidin Intraoperative - Well-being (QoR 2 Beneficial effect No None
(2022) only 15)
New . o . Intraoperative| - Well-being (Sleep . .
Merry et al. (2004) Zealand No 1001 Specialty Unspecified Tenoxicam then quality) 14 Equivocal/uncertain No None
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continued to

postoperative)
Intraoperative, Government
Mitchell et al. New . . . then - Well-being (Beck . . :
(1999) Zealand No 65 Cardiac Lidocaine continued to inventory) 180 Equivocal/uncertain No Foundgtlon/
. Charity
postoperative]
Intraoperative,
Mitchell et al. New . . . then
(2009) Zealand No 158 Cardiac Lidocaine continued to 175 No effect No None
postoperative
. . . .- Intraoperative| - Satisfaction (NRS -
Mizrak et al. (2012)| Turkey No 40 Otorhinolaryngologic Dexmedetomidine only or categorical) 1 Beneficial effect No Unreported
Intraoperative
. . . then - Satisfaction (NRS _ Institutional/
Moeen et al(2019) Egypt Yes 111 Urologic Lidocaine continued to or categorical) 3 Beneficial effect No Academic
postoperative)
- Satisfaction (Othe
- Overall Benefit of
i . ; ; Analgesia Score) -
Mohamad et al. . . . Acetaminophen; Parecoxily Intraoperativel = Institutional/
(2014) Australia Yes 240 ObstetrieGynecologic Acetaminophen + Parecoxi only Well b%l)ng (QoR 1 No effect No Academic
- Acute pain multi
dimensional (Other
Intraoperative,
Mohamed et al. . . then R -
(2010) Egypt No 150 Mastectomy/lumpectom] Venlafaxine, Gabapentin continued to - Chronic pain 180 Beneficial effect No None
postoperative)
. ; ; - Chronic pain
Momon et al. (2019] France Yes 160 Orthopedic Dexamethasone; Pregabali. Intraoperative - Aberrant opioid 180 No effect No None
Dexamethasone + Pregaba only use posop
Moro et al. (2017) Brazil Yes 135 Gastrointestinal Ketamine Intragrﬁ)lsratlve ) We"'bii)r;g (QoR 1 No effect No Unreported
. . . Intraoperativel - Satisfaction (NRS -
Mostafa et al. (20220  Egypt Yes 70 Otorhinolaryngologic Duloxetine only or categorical) 1 Beneficial effect No None
Murphy et al. (2011 United No 117 Cardiac Dexamethasone Intraoperative - Well-being (QoR Unspecified  Beneficial effect No None
States only 40)
Intraoperative,
United . . then - Satisfaction (NRS . Institutional/
Murphy et al. (2021 States Yes 130 Orthopedic Ketamine continued to or categorical) 3 Beneficial effect No Academic
postoperative)
Intraoperative )
then - Well-being (Sleep
Myhre et al. (2017)] Norway Yes 80 Urologic Pregabalin . quality) 365 Beneficial effect No None
continued to - Chronic pain
postoperative)
Myles et al. (1999)| Australia No 156 Cardiac Clonidine Intra(())rrl)liratlve - HRQOL (SF36) 180 Beneficial effect No None
Na et al. (2016) ligruetg Yes 94 Mastectomy/lumpectom Nefopam Intragrp])liratlve - Chronic pain 90 Beneficial effect No Unreported
- Well-being (Sleep
. . . . . .| Intraoperative quality) .~ Institutional/
Nakhli et al. (2018)| Tunisia Yes 90 Gastrointestinal Pregabalin; Gabapentin only - Function (Time to 2 Beneficial effect No Academic
ambulation)
. . . Intraoperativel - Well-being (State -
Nasr et al. (2013) Egypt No 40 ObstetrieGynecologic Gabapentin only trait inventory) 1 Beneficial effect No None
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NesekAdam et al. . . . Diclofenac; Ketamine; | Intraoperativel - Satisfaction (NRS -
(2012) Croatia No 80 Gastrointestinal Diclofenac + Ketamine only or categorical) 1 Beneficial effect No None
Intraoperative,
Newman et al. United . . . | then - Satisfaction (NRS .-
(2019) States No 143 Plastic & reconstructivg Acetaminophen, Gabapenti continued to or categorical) 30 Beneficial effect No Unreported
postoperative
- Satisfaction (NRS
or categorical)
- Well-being (Sleep
: ; quality) —
Nielsen eal. (2015 Denmark Yes 160 Orthopedic Dexamethasone Intraoperative Function (Daily 365 Deleterious No InSt'tUtlon.aV
& 2016) only activit Academic
y level)
- Life impact (Days
off work)
- Chronic pain
- Satisfaction (NRS
or categorical)
- Well-being
(Hospital anxiety &
depression scale)
- HRQOL (EuroQol
Nielsen et al. (2017 . Intraoperative 5D-5L) - Institutional/
& 2019) Denmark Yes 150 Neurosurgery Ketamine only - Function 365 Beneficial effect No Academic
(Oswestry)
- Life impact (Time
to return to work)
- Chronic pain
- Aberrant opioid
use posbp
Intraoperative| - Life impact (Tim?
: to return to usual . :
Nikanne et al. Finland No 120 Otorhinolaryngologic Celecoxib; Ketoprofen t_hen activities) 21 Beneficial effect No Instltutlon_all
(2005) continued to | _ Acute pain muli Academic
postoperative| gimensional (Other
Intraoperative,
. . . . ) . then -HRQOL (Other -
Ning et al. (2016) China No 120 Gastrointestinal ParecoxibSodium continued to QoL measure) 2 Beneficial effect No Unreported
postoperative)
NistakNuno et al. ) . . B Intraoperative| - Satisfaction (NRS
(2014) Spain Yes 48 Gastrointestinal Ketamine only or categorical) 1 No effect No Unreported
NistakNuno et al. . . . Intraoperative| - Satisfaction (NRS
(2017) Spain Yes 48 ObstetrieGynecologic Ketorolac only or categorical) 1 No effect No Unreported
Intraoperative,
: ’ : : then - Satisfaction (NRS - Institutional/
Nong et al. (2013) China Yes 80 ObstetrieGynecologic Parecoxib continued to or categorical) 2 Beneficial effect No Academic
postoperative
Intraoperative
Ohnesorge et al. German No 87 Mastectomy/lumpectom] Acetaminophen; Metamizo then - Function (Time to 1 Beneficial effect No Inlsrt]iijt?tisct)rr?/all
(2009) Y yAump phen continued to ambulation) )
. Academic
postoperative
. . . Intraoperative - Satisfaction (NRS -
Olgun et al. (2012)| Turkey No 60 Gastrointestinal Magnesium Sulphate only or categorical) 1 Beneficial effect No None
both (at least
. . Dexamethasone + one arm - Satisfaction (NRS -
Ormel et al. (2011)] Norway No 337 ObstetrieGynecologic Ondansetron + Droperidol| intraoperative| or categorical) 1 Beneficial effect No None
only and at
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least one otheg

arm
intraoperative
and
postoperative
. . Intraoperative - Satisfaction (NRS -
Ozer et al. (2012)| Turkey No 100 Plastic & reconstructive Dexketoprofen only or categorical) 1 Beneficial effect No None
Intraoperative| - satisfaction (NRS
Ozgencil et al. - . then or categorical) .-
(2011) Turkey No 90 Neurosurgery Pregablin; Gabapentin continued to | - Well-being (Set 1 Beneficial effect No None
postoperative|  rating VAS)
Ozhan et al. (2015) Turkey No 60 Gastrointestinal Ketamine Intra(())rpl)liratlve Unspecified Equivocal/uncertain No None
o . . Intraoperativel - Satisfaction (NRS - Institutional/
Ozmete et al. (201§ Turkey Yes 60 ObstetrieGynecologic Acetaminophen only or categorical) 0 Beneficial effect No Academic
Intraoperative,
United . . then - HRQOL (Other- .-
Pan et al(2008) States No 64 ObstetrieGynecologic Dexamethasone continued to | FLIE questionnaire) 5 Beneficial effect No None
postoperative)
] . . - Intraoperativel - Well-being (Self -
Paris et al. (2009)| Germany Yes 60 Otorhinolaryngologic Clonidine only rating VAS) 1 Beneficial effect No None
South . . Intraoperative - Satisfaction (NRS o -~ Institutional/
Park et al. (2020) Korea Yes 120 Urologic Magnesium only or categorical) Unspecified|  Beneficial effect No Academic
. - Satisfaction (NRS
Intraoperative|  or categorical)
United ) ) then - Well-being (Sek . :
Parker et al. (1994 States No 210 ObstetrieGynecologic Ketorolac continued to rating VAS) 3 Equivocal/uncertain No None
postoperative| - Function (Time to
return to bowel)
) . . - Intraoperativel - Satisfaction (NRS _
Patil et al. (2022) India No 60 Orthopedic Dexmedetomidine only or categorical) 0 Beneficial effect No Unreported
Intraoperative,
. . then - Satisfaction (NRS Institutional/
Paul et al. (2015) | Canada Yes 102 Orthopedic Gabapentin continued to o categorical) 3 No effect No Academic
postoperative)
- Satisfaction (NRS v
. . . . Intraoperativel  or categorical) Institutiona
Paulin et al. (2021) India Yes 52 Orthopedic Ketamine only - Function (Timed 30 No effect No Academic
up and go)
Pauls et al. (2015) United Yes 74 ObstetrieGynecologic Dexamethasone Intraoperative - Well-being (QoR 1 Beneficial effect No None
States only 40)
Intraoperative| - satisfaction (NRS
. . . then or categorical)
Peng et al. (2010)| Canada Yes 165 Gastrointestinal Pregabalin continued to | - Well-being (QoR 7 No effect No Industry
postoperative 40)
. . . Intraoperative - Well-being Institutional/
Peng et al. (2016)| China Yes 94 Neurosurgery Lidocaine only (Hamilton scale) 180 No effect No Academic
Pereira et al. (2023 Portugal Yes 138 Gast_romtestmal . Ketamine Intraoperative - Well-being (QoR 1 No effect No None
ObstetrieGynecologic only 15)
Intraoperative,
. . . then N . Institutional/
Pesonen et al. (201] Finland No 70 Cardiac Pregabalin continued to - Chronic pain 90 Beneficial effect No Academic
postoperative
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- Well-being (QoR

15)
; - Function (WHO
Gastrointestinal Intra?hpeer:atlve DAS 2.0 12 Institutional/
Peyton et al. (2017] Australia Yes 80 Mastectomy/lumpectom Ketamine continued to question) 180 No effect No Academic
Thoracic (norcardiac) . - Chronic pain
postoperative| - acute pain multi
dimensional (Brief
pain inventory)
. . Intraoperativel - Satisfaction (NRS - Institutional/
Pinar et al. (2017)| Turkey Yes 42 Orthopedic Ibuprofen only o categorical) 2 Beneficial effect No Academic
Intraoperative| - satisfaction (NRS
Pinsornsak et al. : . then or categorical) o . Institutional/
(2022) Thailand Yes 84 Orthopedic Nefopam continued to| - Function (Timed Unspecified|  Beneficial effect No Academic
postoperative| up and go)
- Satisfaction (NRS
. . . Acetaminophen Etoricoxib; | Intraoperativel  or categorical) .~ Institutional/
Puura et al. (2006), Finland No 75 Gastrointestinal Etoricoxib only - Function (Fatigue 1 Beneficial effect No Academic
NRS/VAS)
. . . .- Intraoperativel - Satisfaction (NRS . Institutional/
Qiu et al. (2018) China Yes 48 Endocrine Dexmedetomidine only or categorical) 1 Beneficial effect No Academic
. . . . . Intraoperative| - Well-being -
Qiu et al. (2022) China Yes 184 ObstetrieGynecologic Ketamine | (Hospital anxiety & 3 Beneficial effect No Government
only depression scale)
Intraoperative
. United . . . then -HRQOL (SF12)
Quail et al. (2017) States Yes 100 Gastrointestinal Gabapentin continued to - Chronic pain 730 No effect No None
postoperative)
Gastrointestinal
Mastectomy/lumpectom
Ragazzoni et al. Oralmaxillofacial : Intraoperative - Satisfaction (NRS
(2019) Uganda Yes 46 Orthopedic Ketamine only or categorical) 1 No effect No Unreported
Otorhinolaryngologic
Urologic
- Satisfaction (Othe
- North American
; ; Spine Society ;
Rajaetal. (2018)| India No 100 Neurosurgery Acetaminophen, Ketorolac Intraoperative  \aqy rictactionl 90 Beneficial effect No Foundation/
Orthopedic And Pregabalin only scale) Charity
- Function
(Disability index)
Raksakietisak et al . Neurosurgery Intraoperativel - Acute pain multi Institutional/
(2022) Thailand Yes 50 Orthopedic Nefopam only dimensional (Other 30 No effect No Academic
Ran etal. (2021) | China Yes 126 Thoracic (norcardiac) Dexmedetomidine Intragﬁliratwe - ';gg\fﬂ;?e%i)”y 30 Equivocal/uncertain No None
Intraoperative,
Rapchuk et al. . . . then - Well-being (QoR
(2010) Australia No 60 Cardiac Gabapentin continued to 9) 3 No effect No None
postoperative)
. . Intraoperative,
United Celecoxib+ Gabapentin + thpen - Acute pain mult Institutional/
Reagan et al. (2017 Stat Yes 138 ObstetrieGynecologic Dexamethasone tinued t dimensional (Brief 9 Beneficial effect No Academi
ates +Acetaminophen continued to | = i inventory) cademic
postoperative
Rek?zt(s;;f)et al | Greece | Yes 91 ObstetricGynecologic | Dexmedetomidine; Lidocain Intragrﬁ);ranve ; S(?rt'cs;?gggﬂ C(Q:)RS 2 Beneficial effect No Government
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- Well-being (Sleep
quality)

- Satisfaction (NRS
or categorical)

Rekazt(s)lzng etal. Greece Yes 81 ObstetrieGynecologic | Dexmedetomidine; Lidocain Intraopleratlve - Well-being (Sleep 365 Beneficial effect No Government]
( ) only quality)
- Chronic pain
Intraoperative,
Ren};l&)%ng(; et al. France No 160 Orthopedic Ketamine con:iieur:e dto - Chronic pain 180 Beneficial effect No None
postoperative)
: - Well-being
Ren et al. (2022) China No 104 Gastrointestinal Ketamine Intraopleratlve (Hospital anxiety & 3 Beneficial effect No Government]
only depression scale)
Intraoperative, )
) ) ) then - Well-being (QoR
Richebé et al. (2013 France Yes 90 Cardiac Nefopam tinued t 40) 365 No effect No Unreported
continue : 0 - Chronic pain
postoperative
Intraoperative| - satisfaction (NRS
. United ’ . . then or categorical) Institutional/
Rindos et al. (2019 States Yes 183 ObstetrieGynecologic Acetaminophen continued to | - Well-being (QoR 28 No effect No Academic
postoperative 40)
Canada,
Royse et al. (2017 ggizg Yes 555 Cardiac Methylprednisone Intragrpl)lsratlve ) HRQgEgOStOp 180 No effect No Government
Australia
Ryu et al. (2008) l‘i’g;}etg No 50 ObstetrieGynecologic Magnesium Intra(c))r?lsranve ) S(f}t's;?gggzc(;\:;{s 2 Beneficial effect No Government
Sahin et al. (2012)| Turkey No 60 ObstetriGynecologic Ketamine Intragrp])Eratlve - S;“f;?gggzc(gfs Unspecified Deleterious No None
Sahmeddini et al. . . . . Intraoperative - Satisfaction (NRS -
(2018) Iran Yes 180 Orthopedic Lidocaine, Ketamine only or categorical) 1 Beneficial effect No Unreported
Salman et al. (2009 Turkey No 60 ObstetrieGynecologic Dexmedetomidine Intraoperative - Satisfaction (NRS Unspecified Equivocal/uncertain No None
only or categorical)
Sampson et al. United ) ) Intraoperativel - Satisfaction (NRS .-
(1996) States No 99 ObstetrieGynecologic Ketorolac only or categorical) 1 Beneficial effect No Industry
_ New . . . Intraoperative - Life impact (Time Institutional/
Sanders et al. (201 Zealand Yes 73 Otorhinolaryngologic Gabapentin only {0 return to work) 14 No effect No Academic
Sara;/IarEgggrll;mal 8 India No 66 ObstetricGynecologic Dexmedetomidine Intragﬁliranve - We"'bfg;g(QOR' 1 Beneficial effect No Unreported
Sattari et al. (2020 Iran Yes 60 ObstetrieGynecologic Duloxetine Intragrpl)lsratlve ) We"'big;g (QoR 1 Beneficial effect No None
Intraoperative,
Schelling et al. . : then - Well-being (PTSB . Foundation/|
(2004) Germany No 48 Cardiac Hydrocortisone continued to 10) 180 Beneficial effect No Charity
postoperative
SChI?;I’(;)]T)? etal. Italy No 82 Gastrointestinal Dexamethasone Intra(c))slt;:-/ratlve ) Fuﬂgg@ggt'gue 30 Beneficial effect No None
Intraoperative,
Schlachta et al. . . then - Satisfaction (NRS - Foundation/|
(2007) Canada No 44 Gastrointestinal Ketorolac continued to o categorical) 4 Beneficial effect No Charity
postoperative)
Schulmeyer et al. . . : . Intraoperative| - Satisfaction (NRS . Institutional/
(2010) Chile No 82 Gastrointestinal Pregabalin only or categorical) 1 Beneficial effect No Academic
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- Satisfaction (NRS
or categorical)

Intraoperative, Well-being (Self
Seman et al. (2021 United No 39 Gastrointestinal Ketamine t.h en rating VAS) 2 Beneficial effect No Instltutlon_al/
States continued to | _ ite im Academic
. pact (Other
postoperative| . pain interference
with daily activities)
- Satisfaction (NRS
. ) S . Intraoperativel  or categorical) = Institutional/
Sen et al. (2009) Turkey No 60 ObstetrieGynecologic Ketamine; Gabapentin only - Life impact (Time 180 Beneficial effect No Academic
to return to work)
Intraoperative
. . . . . . then - Function (Time to - Institutional/
Shakir et al. (2023)| Pakistan No 60 Gastrointestinal Lidocaine continued to ambulation) 1 Beneficial effect No Academic
postoperative)
Intraoperative i Government
then | - Lie mpat (g Foundationy
Shan et al. (2022) China Yes 114 Urologic Dexmedetomidine continued to | alive and out of 365 Beneficial effect No Ins(t:igi?gﬁall
i hospital at 1yr) :
postoperative] Academic
; B ; - Life impact (Time T
Shariffuddin et al. Malaysia Yes 60 Urologic Dexmedetomidine Intraoperative to return to usual 5 Beneficial effect No Instltutlon_all
(2018) only activities) Academic
4 . . . Dexmedetomidine; Intraoperative - Satisfaction (NRS -
Sharma et al. (201 India No 100 Gastrointestinal Acetaminophen only or categorical) 1 Beneficial effect No None
Intraoperative,
. . . . . then - Satisfaction (NRS -
Sharma et al. (2022 India Yes 70 Gastrointestinal Lidocaine continued to or categorical) 1 Beneficial effect No None
postoperative)
. . ) . - .. | Intraoperativel - Well-being (QoR - Institutional/
Sherif et al. (2017)] Egypt Yes 150 Gastrointestinal Lidocaine; Dexmedetomidin| only 40) 3 Beneficial effect No Academic
Intraoperative ) We"-bi(l)ng (@R Government
Shi et al. (2017) China No 54 Mastectomy/lumpectom Dexmedetomidine orFl)Iy B Function)(Fatigue 7 Beneficial effect No Foundation/
severity scale) Charity
Shi et al. (2020) China Yes 106 Thoracic (norcardiac) Dexmedetomidine Intragrﬁ)liratlve -Wzlltli-rt:glchSelf 7 Beneficial effect No Government
lidocaine; Dexmedetomiding Intraoperative] - Well-being (QoR
Shivaji et al. (2021) India Yes 96 ObstetrieGynecologic lidocaine + orrl)l 15)9 Q Unspecified|  Beneficial effect No None
Dexmedetomidine Y
Shu et al. (2022) China Yes 120 Endocrine Lidocaine; Dexmedetomidin| Intraoperative - Well-being (QoR 1 Beneficial effect No Instltutlon_al/
only 15) Academic
Intraoperative| - Satisfaction (NRS
United then or categorical)
Schurr et al. (2009 No 55 Gastrointesntinal Rofecoxib - - Acute pain multi 5 Beneficial effect No Industry
States continued to | gimensional (Brief
postoperative| pain inventory)
[Erp— . - Multidimensional -
Siddiqui et al. Canada No 82 Gastrointestinal Gabapentin Intraoperative opioid adverse effec 2 No effect No InSt'tUt'On.aV
(2014) only scale Academic
Intraoperative
- United . . . then - Satisfaction (NRS -
Silinsky et al. (2020 States Yes 57 Gastrointestinal Meloxicam continued to or categorical) 3 Beneficial effect No Industry
postoperative)
. United ) ) ) Intraoperative| - Satisfaction (NRS -
Sinatra et al. (2006 States No 164 ObstetrieGynecologic Rofecoxib then or categorical) 5 Beneficial effect No Industry
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continued to

postoperative)
Singh et al. (2013) India No 100 ObstetrieGynecologic Ketamine + Propofol Intragrpl)lsratlve ) S:rt's;?gggzc(g? S 0 Deleterious No Unreported
Intraoperative,
Sivakumar et al. United . then . . Institutional/
(2018) States Yes 212 Neurosurgery Acetaminophen continued to 2 Equivocal/uncertain No Academic
postoperative
Smischney et al. United . - . Intraoperativel - Satisfaction (NRS .- Institutional/
(2012) States Yes 85 Specialty Unspecified Ketamine only or categorical) 1 Beneficial effect No Academic
Sohn etl. (2017) Eg:gg Yes 66 Thoracic (norcardiac) Magnesium Intragreln)alranve - Chronic pain 365 Beneficial effect No Unreported
South . . Intraoperative - Satisfaction (NRS - Institutional/
Sohn et al. (2022) Korea Yes 80 Orthopedic Magnesium only or categorical) 2 Beneficial effect No Academic
Intraoperative,
United . . then - Well-being (Sleep . .
Spence et al. (2011 States No 70 Orthopedic Gabapentin continued to quality) 2 Equivocal/uncertain No None
postoperative
- Satisfaction (NRS
. or categorical)
Spreng et al(2010) | Norway Yes 83 Gastrointestinal Ketamine Intraopleratlve - Chronic pain 90 Deleterious No None
only - Aberrant opioid
use posbp
Srivastava et al. . h —_— Intraoperative - Well-being (Sleep .-
(2012) India No 44 Orthopedic Etoricoxib only quality) 1 Beneficial effect No None
Intraoperative| - satisfaction (NRS
Subramaniam et alf  United . then or categorical)
(2011) States No 38 Neurosurgery Ketamine continued to| - Function (Daily 2 No effect No None
postoperative|  activity level)
Intraoperative Satisfaction (NRS
Subramaniam etall - United Yes 180 Gastrointestinal Acetaminophen then or categorical) 30 No effect No Government
(2022) States continued to | _ HRQOL (SF12) Industry
postoperative)
Sunetal. (2014) | China Yes 40 Otorhinolaryngologic Dexmedetomidine Intragrp])Eratlve 'Wg:i'rt]’ge'{}%ge” 1 Beneficial effect No Government
Intraoperative| - Well-being (Sleep
. . . . then quality) ) -
Taheri etal. (2021) Iran No 70 Gastrointestinal Pregabalin - - Acute pain multi 2 Beneficial effect No Unreported
continued to dimensional (Brief
postoperative|  pain inventory)
Intraoperative
Takmaz et al. (2019 Turkey Yes 80 ObstetrieGynecologic Duloxetine t.h en - Well-being (QoR 2 No effect No Instltutlon_all
continued to 40) Academic
postoperative)
Tavanael et al. Iran Yes 104 Neurosurger Magnesium; Pregabalin; | Intraoperative {gsli'v’i'f r]) 84 Beneficial effect No None
(2022) gery Magnesium + Pregabalin only - Chronic ;?;in
Intraoperative,
Terkawi et al. (2015 United Yes 80 Mastectomy/lumpectom Lidocaine t_hen - Chronic pain 180 Beneficial effect No InSt'tUt'on.aV
States continued to Academic
postoperative|
A . . . . Intraoperative| - Satisfaction (NRS . :
Thomas et al. (2014 Jamaica No 84 ObstetrieGynecologic Ketamine only or categorical) 1 Equivocal/uncertain No None
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Gastrointestinal

Neurosurgery Intraoperativel - Satisfaction (NRS
Tirault et al. (2010)| France No 210 ObstetrieGynecologic Gabapentin P - Satisfaction ( 1 Beneficial effect No None
i only or categorical)
Orthopedic
Otorhinolaryngologic
’ - Well-being (QoR
. . . Lidocaine + Magnesium +| Intraoperative 40) -
Tochie et al. (2022) Cameroon| Yes 36 ObstetrieGynecologic Ketamine only - Function (Time to 28 Beneficial effect No Unreported
return to bowel)
. . . Intraoperative| - Satisfaction (NRS . :
Togrul et al. (2011)] Turkey No 50 Plastic & reconstructive Acetaminophen only o categorical) 1 Equivocal/uncertain No None
- Well-being (QoR
15) Foundation/
Intraoperative| - Function (WHO oundation
then DAS 2.0 36 Charity
Toner et al. (2021)| Australia Yes 150 Mastectomy/lumpectom Lidocaine continued to question) 180 Beneficial effect No Industry
| -Lifeimpact (#day Institutional/
postoperative|  alive and out of Academic
hospital at 30d)
- Chronic pain
Intraoperative,
Townsend et al. United . . . then - Satisfaction (NRS Foundation/|
(2018) States Yes 110 Otorhinolaryngologic Gabapentin continued to or categorical) 3 No effect No Charity
postoperative)
Intraoperative| - well-being (Sleep
] . . . then quality) -
Tramer et al. (1996 Switzerland] No 42 ObstetrieGynecologic Magnesium Sulfate continued to| - Acute pain multi 30 Beneficial effect No None
postoperative| dimensional (Other
Tramer et al. (2007| Switzerland] No 200 Gastrointestinal Magnesium Intraoperative - Well-being (Sleep 3 No effect No None
Vascular only quality)
. . . . - Intraoperativel - Satisfaction (NRS .
Tsai etal. (2010) Taiwan Yes 40 Otorhinolaryngologic Dexmedetomidine only or categorical) 1 Beneficial effect No None
] . Intraoperative| - Satisfaction (NRS .-
Tsaousi et al. (2020 Greece Yes 74 Neurosurgery Magnesium Sulfate only or categorical) 1 Beneficial effect No None
- Satisfaction (NRS
. or categorical)
Tseng et al. (2021) Taiwan Yes 36 Gastrointestinal Dexmedetomidine Intraoperative Life impact 2 Beneficialeffect No None
only (Restricted
activity/bed rest)
¢ I | d - Satisfaction (NRS Industry
Tufanogullari et al.|  Unite: . . - Intraoperativel  or categorical) - -
(2008) States Yes 80 Gastrointestinal Dexmedetomidine only - Well-being (QoR 7 Beneficial effect No Instltutlon_all
9) Academic
) . Intraoperative - Satisfaction (NRS -
Tuncer et al(2003) | Turkey No 50 ObstetrieGynecologic Ketoprofen only or categorical) 1 Beneficial effect No None
Intraoperative| - satisfaction (NRS
: . then or categorical) - Institutional/
Turan et al. (2006)| Turkey No 40 Orthopedic Gabapentin continued to | - Well-being (QoR 3 Beneficial effect No Academic
postoperative 9)
- Satisfaction (NRS
Intraoperative V\(;r”citegori(gll)R
. . Gabapentin; Rofecoxib; then - vell-being (Qo . Institutional/
Turan et al. (2006)| Turkey No 100 ObstetrieGynecologic Gabapentin + Rofecoxib | continued to | _, . img)act (Time 90 Beneficial effect No Academic
postoperative| o return to work)

- Chronic pain
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Canada,

United . _—
Turan et al. (2015)| States, Yes 1043 Cardiac Methylprednisolone Intraoperative Chronic pain 180 No effect No Instltutlon_al/
Australia, only Academic
China
Intraoperative| - Chronic pain
United . . then - Acute painmulti-
Turan et al. (2017) States Yes 150 Cardiac Acetaminophen continued to | dimensional (Brief 90 No effect No None
postoperative| Pain inventory)
- Satisfaction (NRS
or categorical)
. - Well-being (QoR
. . Intraoperative 15)
United Gastrointestinal then -HRQOL (SF12)
Turan et al. (2020) States Yes 580 ObStetlillfc)CrgniiCOIOglc Acetaminophen continued to | - Function (Fatigue 90 No effect No Industry
9 postoperative NRS/VAS)
- Acute pain multi
dimensional (Brief
pain inventory)
Intraoperative, Well-being (S|
United . o then - Well-being (Sleep _
Turan et al. (2020) Yes 798 Cardiac Dexmedetomidine ; quality) 90 Deleterious No Industry
States continued to - Chronic pain
postoperative)
- Acute painmulti-
United ) . . Intraoperative dimensional Foundation/|
Turner et al. (2019 States Yes 202 ObstetrieGynecologic Acetaminophen only (American Pain 30 No effect No Charity
Society Outcome)
Intraoperative
: : then N -
Ucak et al. (2011)| Turkey No 40 Cardiac Gabapentin continued to - Chronic pain 920 Beneficial effect No None
postoperative)
Intraoperative,
. . Acetaminophen; then - Satisfaction (NRS . :
Unal et al. (2013) | Turkey No 60 ObstetrieGynecologic Dexketoprofen continued to or categorical) 1 Equivocal/uncertain No Unreported
postoperative)
Intraoperative
. . then - Satisfaction (NRS
Unal et al. (2015) | Turkey No 60 Urologic Acetaminophen continued to or categorical) 1 No effect No Unreported
postoperative)
. . - Well-being (Beck
Valentin et al. Brazil Yes 140 Others Dexamethasone Intraoperative inventory) 180 Beneficial effect No Government
(2016) only - HRQOL (SF36)
Van Elstraete et al, . . . Intraoperative - Satisfaction (NRS
(2004) France No 40 Oralmaxillofacial Ketamine only or categorical) 1 No effect No None
; : - Well-being
van Norden et al. Germany Yes 63 Car_dlac . Dexmedetomidine Intraoperative (VAS/NRS Anxiety) 90 Beneficial effect No Industry
(2021) Gastrointestinal only - Chronic pain
. . . — . Intraoperative L -
Varas et al. (2020)|  Chile Yes 63 Plastic & reconstructiveg ~ Ketamine; Magnesium only - Chronic pain 90 Beneficial effect No Unreported
Intraoperative
. . . then - Satisfaction (NRS - Institutional/
Varrassi et al. (1994 Italy No 95 Gastrointestinal Ketorolac continued to or categorical) 1 Beneficial effect No Academic
postoperative)
. . L . Intraoperative| - Satisfaction (NRS . Institutional/
Vasigh et al. (2016 Iran Yes 114 Orthopedic Gabapentin; Celecoxib then o categorical) 1 Beneficial No Academic
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continued to

postoperative)
Intraoperative,
. Gabapentin; Gabapentin + then - Satisfaction (NRS - Institutional/
Vasigh et al. (2016 Iran Yes 114 Neurosurgery Celecoxib continued to or categorical) 1 Beneficial effect No Academic
postoperative
Intraoperative,
Vig et al. (2019) India Yes 80 Mastectomy/lumpectom Pregabalin cont&eul dto - Chronic pain 90 No effect No Unreported
postoperative
United
States,
Taiwan,
Spain. ) )
Austria, Intraoperative| - Function (Time to
N Estonia i ) - then retum to bowel) .
Viscusi et al. (2012 H ! Yes 440 ObstetrieGynecologic Etoricoxib tinued to | Multidimensional 14 Beneficial effect No Industry
ungary, continued 1o opioid adverse effeq
ISreIach, postoperative scale
weden,
Mexico,
Peru,
Philippines
Intraoperative| - Well-being
United thpen (Hospital anxiety & Government
Vlisides et al. (2021 Yes 65 Gastrointestinal Caffeine Citrate ; depression scale) 30 No effect No Institutional/
States continued to |~ aperrant opioid A )
h cademic
postoperative) use posbp
von (I;I;ltg)et al Finland Yes 130 Gastrointestinal Pregabalin Intragrﬁ)liratlve ) Sﬁ'ﬁ;?gggﬂég;{ S 30 No effect No Government
Intraoperative, Chronic pain Foundation/|
. . . . then ) . Charity
; -A -
Wallon et al. (2022) France Yes 144 Otorhinolaryngologic Lidocaine pi)c;r;t(') B:f gtitvo ) S:grzgts gzlmd 180 No effect No IrL‘s(t: ';l:jté ?rr:iil /
Wang et al. (2008)| China Yes 236 Mastectomy/lumpectom Flurbiprofen Intragﬁlt;:-/ratlve ) S;tics;?gggz C(Q:)R S 1 Beneficial effect No None
. . . Intraoperative - Satisfaction (NRS . -~ Institutional/
Wang et al. (2015)] China No 60 Urologic Ketamine only or categorical) Unspecified  Beneficial effect No Academic
: h . - Intraoperative - Satisfaction (NRS .- Foundation/|
Wang et al. (2016)| China Yes 84 Thoracic (norcardiac) Dexmedetomidine only or categorical) 2 Beneficial effect No Charity
Wang et al. (2019)| China Yes 40 ObstetrieGynecologic Lidocaine Intragrﬁ)liratlve ) We"'bzg;g (QoR 5 Beneficial effect No Unreported
Wang et al. (2020)| China Yes 99 Otorhinolaryngologic Lidocaine Intragrrl)liratlve ) We"'bjg;g (QoR 2 Beneficial effect No Government
Wang et al. (2020)| China No 181 Urologic Gabapentin Intracc))ﬁlt;:‘/ratlve ) S;ticsg?gggz C(Q:)RS 2 Beneficial effect No Unreported
Wang et al. (2020)| China No 417 ObstetrieGynecologic Ketamine Intragr;]aliranve (Aawqﬁ{tﬁes'zgle) 30 Beneficial effect No Government
Wang et al. (2021)]  China Yes 70 Thoracic (norcardiac) Lidocaine Intragﬁliratwe 'We"'bzg;g (QoR 1 Beneficial effect No Unreported
Wang et al. (2022)| China Yes 125 Urologic Dexmedetomidine Intragrﬁ)lsratlve ) Well—igggg (zung 3 Beneficial effect No Government
Wang et al. (2022)] China Yes 200 Gastrointestinal Lidocaine Intra(())rrl)lz)e/ratlve ) We"'bjg;g (QoR 7 Beneficial effect No Government
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Intraoperative

- Well-being (Sleep

Wang et al. (2022)| China Yes 356 Vascular Dexmedetomidine only quality) 0 Beneficial effect No None
) . . Dexmedetomidine + Intraoperative - Well-being (QoR -
Wang et al(2023) China Yes 80 Thoracic (norcardiac) Lidocaine only 40) 2 Beneficial effect No Government
) - Satisfaction (NRS Industry
Wanna et al. (2004] Thailand No 100 ObstetrieGynecologic Ketamine Intragr?leratlve . ngl‘l:_?)t;%”gzep 1 Beneficial effect No Institutional/
y quality) Academic
Intraoperative,
Webb et al. (2007)| Australia No 120 Gastrointestinal Ketamine t.h en - Well-being (Sleep Unspecified|  Beneficial effect No None
continued to quality)
postoperative)
Wei et al. (2022) China Yes 62 Mastectomy/lumpectom Lidocaine Intragrpl)liratlve ) We"'bf'sr;g (QoR 2 Beneficial effect No Unreported
Wei et al. (2022) China Yes 62 Mastectomy/lumpectom Lidocaine Intra(())rpl)liratlve ) We"'bf'sr;g (QoR 2 Beneficial effect No Unreported
Intraoperative )
) ) ) then - Well-being (PTSD o
Weis et al. (2006) | Germany No 36 Cardiac Hydrocortisone ] 10) 180 Beneficial effect No None
continuedto| _ HRQOL (SF36)
postoperative)
Gastrointestinal - Satisfaction (NRS Foundation/|
White et al. (2009) United No 108 Otorhinolaryngologic Pregabalin Intraoperativel  or categorical) 7 No effect No Charity
' States Plastic & reconstructive 9 only - Well-being (QoR Institutional/
Urologic 9) Academic
- Well-being (Sleep
quality)
Williams et al. United . . Methylprednisolone; Intraoperative - Life impact (Other
(1999) States No 48 Otorhinolaryngologic Dexamethasone only - Restriction of diet 7 No effect No None
and physical activity
for 7 days.)
. . . Intraoperative - Satisfaction (NRS -
Wau et al. (2009) Taiwan No 60 Gastrointestinal Dexamethasone only or categorical) 7 Beneficial effect No None
Intra?hpeer:atlve Satisfaction (NRS Government
Wu et al. (2018) China Yes 150 Orthopedic Dexamethasone ; - Satisfaction ( 90 Beneficial effect No Foundation/
continued to or categorical) A
. Charity
postoperative]
. . . . Intraoperative N . Institutional/
Xia et al.(2022) China Yes 82 Mastectomy/lumpectom Lidocaine only Chronic pain 0 Beneficial effect No Academic
. . Intraoperative - Well-being . :
Xu et al. (2017) China No 50 Mastectomy/lumpectom Ketamine only (Hamilton scale) 7 Equivocal/uncertain No None
Intraoperative ) )
] ) then - Function (Identity »
Xu et al. (2018) China Yes 108 Orthopedic Dexamethasone ; consequence fatigu 3 Beneficial effect No Government
continued to scale)
postoperative)
Intraoperative,
Xu et al. (2018) China Yes 182 Orthopedic Dexamethasone con:ir;ﬁjr:e dto - Chronic pain 90 Beneficial effect No Government
postoperative
lntra?hpeer:ative - s(?rucs;?gggg C(Eli\:)RS Government
Xu et al. (2021) China Yes 260 Gastrointestinal Lidocaine continued to | - Function (Time to 3 Beneficial effect No |I”1AStItL(thIOI’l.a|/
post_operative return to bowel) cademic
. . . . . Intraoperative| - Satisfaction (NRS .-
Yalcin et al. (2012)| Turkey No 90 ObstetrieGynecologic | Ketamine; Acetaminophen only or categorical) 2 Beneficial effect No None
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Intraoperative

Yamauchi et al. . . then - Satisfaction (NRS -
(2008) Japan No 202 Orthopedic Ketamine continued to or categorical) 10 Beneficial effect No None
postoperative)
Satisfaction (NRS Government]
- Satistaction :
. . Foundation/
Yao et al.(2021) China Yes 84 Thoracic (norcardiac) Lidocaine Intraoperative  or categorical) 2 No effect No Charity
only - Well-being (QoR o
15) Institutional/
Academic
Intraoperative
Ya2|2:|2c())gllg)et al. Turkey Yes 60 Gastrointestinal Tizanidine con:ir;s; dto| ~ HRQOL (SF36) 30 Beneficial effect No Unreported
postoperative)
Yeo et al. (2022) Eg:gg Yes 99 Thoracic (norcardiac) Nefopam Intra(())rrl)liratlve - Chronic pain 90 No effect No Unreported
Intraoperative, HRQOL (SF36)
. . . . then . ; Institutional/
Yik et al. (2019) | Singapore| Yes 87 Orthopedic Pregabalin continued to O-I\Ilzcl;r’:ﬂc;:gr; 180 No effect No Academic
postoperative)
South . : : : Intraoperative - Satisfaction (NRS Institutional/
Yon et al. (2014) Korea Yes 36 Gastrointestinal Lidocaine only or categorical) 2 No effect No Academic
Intraoperative| - Well-being (QoR
South . . then 15 .
Yoon et al. (2022) K Yes 90 Thoracic (norcardiac) Nefopam tinued t - Chronic pain 90 Beneficial effect No Industry
orea continue ,0 - Aberrant opioid
postoperative] use posbp
Yu et al. (2022) China Yes 96 Otorhinolaryngologic Dexmedetomidine Intragrr])lizlranve ; We"'bfg;g (QoR 2 Beneficial effect No None
- Satisfaction (NRS
Intraoperative|  OF categorical Government
Yuan et al(2022) China Yes 91 Thoracic (norcardiac) Esketamine or?l - Well-being (Sleep 180 Beneficial effect No Foundation/
Y quality) Charity
- Chronic pain
. . . Intraoperative - Satisfaction (NRS e -
Yuce et al. (2013) | Turkey No 152 ObstetrieGynecologic Ketamine only or categorical) Unspecified  Beneficial effect No None
Intraoperative
. . . then - Satisfaction (NRS . .~
Yucel et al. (2011)| Turkey No 90 ObstetrieGynecologic Pregabalin continued to or categoric(al) Unspecified  Beneficial effect No Unreported
postoperative)
. . . . Intraoperative - Satisfaction (NRS -
Yucel et al. (2016)| Turkey No 50 Otorhinolaryngologic Lornoxicam only or categorical) 1 Beneficial effect No None
Yuvaraj et al. (2023 India Yes 60 Mastectomy/lumpectom EZ?;;ZZ;‘(?;?;‘Q? Intragr?lt)e/ratlve ) We"'bjg;g (QoR 30 No effect No Unreported
: .+ - Function (Identity :
ZargarShoshtari et New . . Intraoperative ) . Foundation/|
al. (2009) Zealand Yes 70 Gastrointestinal Dexamethasone only Consei%i?zf)e fatigu 2 Beneficial effect No Charity
. . . - Intraoperativel - Well-being (QoR - Institutional/
Zeeni et al. (2019)| Lebanon Yes 60 Gastrointestinal Dexmedetomidine only 40) 0 Beneficial effect No Academic
Intraoperative| - Acute pain mult
) ) ] ] then dimensional (Brief o
Zhang et al. (2012 China Yes 126 ObstetrieGynecologic Parecoxib tinued t pain inventory, 2 Beneficial effect No Unreported
continued to American Pai
postoperative| society Outcome)
’ - . . Intraoperative - Satisfaction (NRS . Foundation/|
Zhang et al(2016) China Yes 120 ObstetrieGynecologic Flurbiprofen only or categorical) 1 Beneficial effect No Charity
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. . . - Intraoperative| - Satisfaction (NRS - Foundation/
Zhang et al. (2018 China Yes 52 Gastrointestinal Dexmedetomidine only or categorical) 1 Beneficial effect No Charity
Zhang et al. (2019 China No 100 Thoracic (norcardiac) Dexmedetomidine Intragrpl)lsratlve ) We"'b(fg;g (QoR 2 Beneficial effect No None
- Well-being
(Hospital anxiety &
. depression scale) -
Zhao et al. (2021) China Yes 100 Mastectomy/lumpectom Ketamine Intraopleratlve - Function (Identity | Unspecified| No effect No Fogr? da}ttlon/
only consequence fatigu arty
scale)
- Chronic pain
Zhao et al. (2022) China Yes 70 Neurosurgery Lidocaine Intragﬁlizlranve 'We”'bfg;g (QoR Unspecified|  Beneficial effect No Unreported
Intraoperativel - Well-being (QoR Governmen
Zheng et al. (2020 China No 60 Gastrointestinal Dexmedetomidine or?l 40)9 1 Beneficial effect No Foundation/
Y Charity
: - Well-being .
Zhou et al. (2021) China Yes 84 Neurosurgery Ketamine Intraopleratlve (Hospital anxiety & 60 Beneficial effect No Ir}:tltlétlon_all
only depression scale) cademic
Zhu etal. (2022) | China Yes 99 Mastectomy/lumpectom Esketamine Intragﬁliranve - We"'bfg;g (QoR 90 Equivocal/uncertain No Fogag:;i\tt)l/on/
Government
Intraoperative - Well-being (Zun Foundation/
Zi et al. (2020) China Yes 139 Cardiac Dexmedetomidine orﬁ)l indeg 9 1 Beneficial effect No Charity
y Institutional/
Academic
Intraoperative
Waikakul Waraporn . . Gabapentin; Celecoxib; then - Satisfaction (NRS - Institutional/
etal. (2011) Thailand No 99 Orthopedic Gabapentin + Celecoxib | continued to| or categorical) 1 Beneficial effect No Academic
postoperative)
hased on reviewerds interpretation
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eTable 3. Test set of citations for crowdsourced screening

Screening decision

Fwat(é:rt)hor Paper title (based on Titles & Reason for exclusion
Abstracts only)
Jokela (2010) The influence of ondansetron on the analgesic effect of Include
acetaminophen after laparoscopic hysterectomy
Zargar . Randomized clinical trial of the effect of glucocorticoids on
Shoshtari . ; . . Include
(2009) peritoneal inflammation and postoperative recovery after colect
Sen (2009) A comparison of gabapentin and ketamine in acute and chronig Include
pain after hysterectomy
Hudetz (2009) Ketamine attenuates pesperative cognitivelysfunction after Include
cardiac surgery
Duale (2009) Perioperative ketamine does not prevent chronic pain after Include
thoracotomy
The effect of intraoperative infusion of dexmedetomidine on the
Bekker (2013) quality of recovery after majapinal surgery Include
Efficacy of intravenous lidocaine in improving pagierative
Wang (2019) | nausea, vomiting and early recovery after laparoscopic Include
gynaecological surgery
De Oliveira Esmolol does not improve quality of postsurgical recovery after
(2018) ambulatory hysteroscopy: A prospective, randomized, deuble Include
blinded, placebaontrolled, clinical trial
A prospective, randomized, doukldéind, placebecontrolled trial
Liu (2018) of acute postoperative pain treatment ugipgid analgesics with Include
intravenous ibuprofen after radical cervical cancer surgery
Moon (2018) _Preventatlve effect of ketamine on peurglcal_hype_ralgesm Include
induced at a body part remote from the surgical site
Cameron Intraoperative Ketamine for Analgesia R@xironary Artery
(2020) Bypass Surgery: A Randomized, Controlled, Dotiblied Clinical Include
Trial
Mishina Comparison between dexmedetomidine and midazolam as a
(2018) sedation agent with local anesthesia in inguinal hernia repair: Exclude Ineligible population
randomized controlled trial
The Effect of Prophylactic Phenylephrine and Ephedrine Infusig
Higgins on Umbilical Artery Blood pH in Women With Preeclampsia Exclude No intervention of interes
(2018) Undergoing Cesarean Delivery With Spiralesthesia: A
Randomized, Doubl8lind Trial
Diaz (2010) Therapeutic strategies for severe acute lung injury Exclude No intervention of interes|
Cocelli (2010) Eff_ects of preope_ra_tlvely or postoperat!vely |n|t|§\ted thoracic Exclude No eligible comparator
epidural analgesia in patients undergoing elective lung surgery
Preckel (2010)| Perioperative betRezeptorerBlockade. Exclude Wrong study design
Phase Il study to evaluate the safety afiitacy of the oral
Singla (2010) neur_ol_<|nm1 receptor antagonist casopitant (GW679769) Exclude No intervention of interes
administered with ondansetron for the prevention of postoperat
and postdischarge nausea and vomiting in-nigfpatients
. Protein balance in nondiabetic versus diabetic patients undergg Non-systemic
Lugli (2010) ) X . : ; Exclude . i
colon surgery: effect of epidural analgesia and amino acids intervention
Zimmer Bupivacaine use in the Insuflow device during laparoscopic Nomsvstemic
cholecystectomy: results of a prospective randomized ddulibie Exclude ) yste
(2010) . intervention
controlled trial
Essving Reduced morphine consumption and pain intensity with local Nor-systemic
(2010) infiltration analgesia (LIA) following total knee arthroplasty: a Exclude intervention

randomized doubiblind study involving 48 patients
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Stephens

State of the science: betockers and reduction of perioperative

Exclude

Wrong study design

(2010) cardiac events
Neumann The surgical treatment of hepatic metastases in colorectal . . .
. Exclude No intervention of interes|
(2010) carcinoma
Paloheimo Autonomic nervous system state: the effect of general anaesth Exclude No intervention of interes
(2010) and bilateral tonsillectomy after unilateral infiltration of lidocaing
. Trendelenburg chest optimization prolongs spontaneous breath
Gutierrez L ; : - . . - .
(2010) Fn_als in ventilatordependent patients with low cervical spinal co Exclude Ineligible population
injury
Hartrick Aprepitant vs. multimodal prophylaxis in the prevention of naus -
(2010) and vomiting following extenderklease epidural morphine Exclude No eligible comparator
Gunda (2010) Vasoprgssor choice for h_ypotensmn in elective Cesarean secti Exclude No intervention of interes
ephedrine or phenylephrine?
Ritzema Physiciandirected patient sethanagement of left atrial pressure . . .
A X Exclude No intervention of interes
(2010) advanced chronic heart failure
Kasaee (2010) External dacryocystorhinostomy: local versus general anestheg Exclude Ineligible population
\(/;/gfg)ell The use of hyaluronan after arthroscopic surgery of the knee Exclude No intervention of interes|
Does intraoperative autologous blood transfusion in coronary a|
Heidari (2010)| bypass graftingurgery reduce the incidence of postoperative Exclude No intervention of interes
mediastinal bleeding?
Gajarski Adrenocortical response in infants undergoing cardiac surgery Exclude Wrona study desian
(2010) cardiopulmonary bypass and circulatory arrest 9 Y 9
Axillary block by "selective" injections at the nerves involved in
Sia (2010) surgery using a peripheral nerve stimulator: a comparison with Exclude Ineligible population
"standard" tripleinjection technique
Achievement of at Least Very Good Partial Response Is a Simj
Harousseau | and Robust Prognostic Factor in Patients With Multiple Myelom Exclude No intervention of interes
(2009) Treated With HigkDose Therapy: Londerm Analysis of the IFM
9902 and 9904 Trials
(onolgggmans Perioperative Strokes and bé&ckade Exclude Wrong study design
Parmenter Intravenous lidocaine and its effect on intraoperative and
(2009) postoperative outcomes...State of the Science General and Org Exclude Wrong study design
Poster Sessions, AANA Annual Meeting, San Diego, California
Jagsi (2009) Postmastectomy radiation therapy for patients with locally Exclude No intervention of interes
advanced breast cancer
Boutonnet Perioperative bethlockade: how long does tiperioperative .
(2009) period last?...Acta Anaesthesiol Scand. 2009 May;53(5%553 Exclude Wrong study design
Inoue (2009) | Safety and efficacy of ketorolac in children after cardiac surgen Exclude Ineligible population
Messerli Cardioprotection with bethlockers: myths, facts and Pascal's Exclude Wrong study design
(2009) wager
Patients' assessment of the convenience of fentanyl HCI
Pennington iontophoretic transdermal system (ITS) versus morphine Exclude No intervention of interes
(2009) intravenougatientcontrolled analgesia (IV PCA) in the
management of postoperative pain after major surgery
Nilsson (2009) Soothing music ca.n increase oxytocin Ievel_s during bed rest aff Exclude No eligible comparator
opertheart surgery: a randomised control trial
Pandya (2009) Pre_dlgtors o_f hemodynaIrmC compromise with propofol during Exclude Ineligible population
defibrillator implantation: a single center experience
The effect of a multimodahtervention on treatmemelated
Jarden (2009) | symptoms in patients undergoing hematopoietic stem cell Exclude No intervention of interes|
transplantation: a randomized controlled trial
Phase | study of concurrent weekly docetaxel and repeated
Tu (2009) samariuml53 lexidronam in patients with castratimsistant Exclude No intervention of interes|

metastatic prostate cancer
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The effect of transmucosal 0.2 mg/kg midazolam premedicatior
Hosey (2009) | dental anxiety, anaesthetic induction and psychological morbid Exclude Ineligible population
in children undergoing general anaesthesia for tooth extraction

A pilot study of a nursing intervention protocol to minimize

Nolan (2009) maternadinfant separation after Cesarean birth Exclude No intervention ofnterest

Bax (2009) Sten_t plagement in pat|e!1tSIW|th ather(_)sclerc_)tlc renal artery ste Exclude No intervention of interes
and impaired renal function: a randomized trial

Karon (2009) Conservative management of continence in women over the ag Exclude Wrong study design

65 years living in the community: a review

Ultrasoundguided transversus abdominis plane block: descripti

El-Dawlatly . . X . . Non-systemic
(2009) of a new technlque and comparison with conventional systemiq Exclude intervention
analgesia during laparoscopic cholecystectomy
Short (1991) | Propofol and midazolam act synergistically in combination Exclude No intervention of interes
eTable 4. Number of trials for each patiericentred outcome measure instruments
Domain Outcomemeasure/instrument Nutrg;glir of
Bauer 0
Evaluation du v®cu de-Gbanest 0
Heidelberg questionnaire 0
Hei deggtemm 6s 29 0
Numerical or categorical rat.i 206
Satisfacton |[Cal j ouwds Leiden questionnair 0
Other
North American Spine Society satisfaction scale 1
Overall Benefit of Analgesia Score 1
VAS discomfort 1
Total 209
Quiality of recovery 40 (QofR0) 58

Quality of recovery 15 (QoR5)
Quality of recovery 9 (QoR)
Complete recoverwithin 30 days (selhssessed)
Beck Depression inventory
Zung depression index
Statetrait anxiety inventory
Hospital anxiety and depression scale
Psychological general welleing index
Self rating of anxiety level, depression, relaxation
Well-being Geriatric depression scale
Sleep quality
Patient health questionnaire (PFXD
Other quality of recovery (QoR) instrument
PTSD-10
VAS/NRS Anxiety
VAS/NRS Mood
Hamilton depression and anxiety scale
Other
Karnofsky Performance Status (KPS) for quality of life

& I P N
vwonvasnvIAdvEoRodvoooR

e
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Kessler k10 Psychological Destress Scale and Patient
Catastrophizing Scale
Mental Health Inventory
Profile of Mood Scale
Rey Auditory Verbal Learning Test
SelfRating Inventory for PTSD (SRIP)
Social Support Scale
Veterans Rand 12 Survey; Richards Campbell Sleep Questiont
(RCSQ); Positive and Negative Affect as evaluated by the Posi
and Negative Affect Schedule
Total

RPRRRRR

210

Functional

WHO disability assessment schedule @®@S) 12-question
WHO disability assessment schedule 2.0 (DASE@6stion
Modified Rankin scale

Timed up and go test

6 minute walk test

ECOG performance status

Karnofsky Performance Index

Functional assessment of chronic illness theffafigue
Identity-consequence fatigue scale

Rolandmorris low back pain and disability questionnaire
Fatigue severity scale

Oswestry low back pain questionnaire/disability index
Berthel index

Time to return to bowel

Time to ambulation

Daily Activity Level

Disability Index

WOMAC

Orthopedic Functional Recovery Scores

VAS/NRS Fatigue

Other

@O?OOOJ'SO?OOI\JOO\]OO-PHOO@OJI—‘HH

Maximum Range of Motion with Continuous Passive Motion De 1

tolerance

Functional outcome swallowing scale; modified Japanese Japa 1

Orthopaedic Association myelopathy scores; Neck disability ing

Osteoarthritis Outcome Scarehysical function Shoifiorm 1

(KOOSPS)

Quality of Lifé@ Functional Living IndexEmesis (QOLFLIE) 1

Sports activity, walk more than 1000m (Daily Activity Level) 1

Time to return to regular diet 1
Total 80
EuroQot5D-3L 1
EuroQot5D-5L 5

%i?lti?yrgﬁitfeed EuroQob3D-3L 0

SF12 8
SF36 13
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Who Quality of life (brief) 1
EuroQotVAS 1
15d HRQOL score 0
SF6D 0
Health Utilities Index Mark 3 0
VAS (0-100 or 010) for general health status 0
Patientreported outcomes measurement information system 0
(PROMISG10)
PostOpQRS 1
RAND-36 0
Recovery Index, 4%tem 0
Core Outcome Measures Index (COMI) 0
Other QoL scales 3
Other
Short Form 8 (SE) healthsurvey 1
FLIE questionnaire 1
"European Organization for Research and Treatment of Cance 1
Quality of Life Questionnair€30"
Total 37
Discharge destination 0
Number of days alive and out bbspital (1 year time point) 2
Number of days alive and out of hospital (30 days time point) 4
Time to return to work 6
Days off work at particular endpoints postoperative 1
Restricted activity days/bed rest in previous 14 days 1
Time to return to usual activities 10
Other
Pain interference with daily activities 1
Life | Any medication use or sleep disturbance attributable to pain ov 1
ife impact .
the previous 7 days at 6 months
DiseaseFree Survival (DFS) at two years 1
Number of days alive and out of hospital (90 days poist); 1
Comprehensive Complication Index (Clavieimdo Classification)
Number of patients back at work at 3 months 1
Postoperative work transfer 1
Restriction of diet and physical activity for 7 days. 1
The Dane Spine Questionnaire (also included sports active, wg 1
distance)
Total 32
Persistent opioid use (>=1 month/30 days)/use or dependence/us 15
Opioid-related | disorder/overdose
outcomes Postoperative opioid related adverse effects (multidimensional) 6
Total 21
Chronic pain outcome (>= 3 months/90 days) 95
: Acute pain multidimensional (<3 months) 25
Pain-related ) ) ) . . .
outcomes Amerlcan_Paln S()_Clety _Patlent Outcome questionnaire 2
McGill Pain questionnaire 6
Brief Pain Inventory 15
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Other
Multi-dimensional (unvalidatedjuestionnaire
Neuropathic Pain Symptom Inventory
DN4 and painDETECT questionnaires
Leeds Assessment of Neuropathic Symptoms and Signs sca
Interference of acute pain with normal activities
Overal Benefit of Analgesia Score

Total

[EEY
NRPRPNRRE R
|_\
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Pharmacologic agent class

Specific agents

Acetaminophen

Acetaminophen
Paracetamol

Alpha-2 agonists

Clonidine
Dexmedetomidine
Moxonidine
Tizanidine

Gabapentinoids

Gabapentin
Pregabalin

Antidepressants

Duloxetine
Escitalopram
Venlafaxine

Beta-blockers

Esmolol

Cannabinoids

Delta9-tetrahydrocannabinol

COX-2 inhibitors

Celecoxib
Etoricoxib
Parecoxib
Rofecoxib
Valdecoxib

Systemically administered
local anesthestic

Lidocaine

Methylxanthine

Caffeine citrate

NMDA antagonists

Ketamine
Magnesium

Non-specific antk
inflammatories

Diclofenac
Flurbiprofen
Ketorolac
Ketoprofen
Dexketoprofen
Ibuprofen
Lornoxciam
Lysine acetylsalicylate
Meloxicam
Piroxicam
Tenoxicam

Non-opioid central analgesics

Metamizol
Nefopam

eTable 5. List of all included pharmacologic agents and their respective class




eFigure 1. Search strategy for MEDLINE/Ovid

1
2
3

21
22

23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

exp Surgical Procedures, Operative/

su.fs. or (surger* or surgical*).tw,kf.

(curettage or debridement or electrosurger* or fasciotom* or Keratectom* or laparotom* or lymph node
excision or mastectom* or metastasectom* or microsurger* or myotom* or neurosurgical procedure* ol
orthopedic procedure* or amputation or Osteotom* dvip@&xenteration or pneumonectom* or
prosthesis implantation or reoperation or splenectom* or symphysiotom* or transplantation).tw,kf.
or/1-3

((opioid* or opiate*) adj3 (sparing or minimi?ation or free)).tw,kf.

(multimodal adj5 (an?esthes* or analges*)).tw,kf.

S5or6

analgesics/ or exp analgesics, fi@rcotic/

exp Adrenergic alph& Receptor Agonists/

Caffeine/

exp antiinflammatory agents/

exp Adrenal Cortex Hormones/

exp Cyclooxygenase 2 Inhibitors/

exp Adrenergic betAntagonists/

Receptors, NMethyl-D-Aspartate/ai [Antagonists & Inhibitors]

magnesium compounds/ or magnesium sulfate/

exp Anticonvulsants/

(Lidocaine or Alpha2 Receptor Agonist* or Caffeine or Corticosteroid* or Beta block* or NMDA
receptor antagonist* or Magnesium or Acetaminophen or NSAID* or-éartivulsant* or
anticonvulsant* or Antidepressant* or gabapentinoid* or-2arhibitor*).tw,kf.

Dexmedetomidine/ or lidocaine/ or ketamine/ or Propanolamines/ or Clonidine/

(Pregabalin or Gabapentin or Carbamazepine or Carbazepin or Esmolol or Propanolamine* or
Metoprolol or Labetolol or Clonidine or Dexmedetomidine or Catapressan or Caffeine or Ketamine or
Dextromethorphan or Dexamethasone or Methylprednisolone or hytisoed or Prednisone or
magnesium or Amitriptyline or Duloxetine or Tryptophan or Bicifadine or Desipramine or fluoxetine or
Venlafaxine or Citalopram).ti.

or/8-20

perioperative period/ or intraoperative period/ or exp Administration, Intravenous/ or Combined
Modality Therapy/

(perioperat* or peri operat* or intra operat* or intraoperat*).tw,kf.

(an?esthes* adj2 induction).tw,kf.

or/22-24

21 and 25

7 or 26

4 and 27

randomized controlled trial.pt.

controlled clinical trial.pt.

random*.tw.

placebo.ab.

clinical trials as topic.sh.

trial.ti.

0r/29-34

exp animals/ not humans/

35 not 36
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38 28 and 37
39 38 use medall

101



Records identified from:
MEDLINE (n =10076)
Embase (n = 10842)
CENTRAL (n = 13677)

Web of Science (n = 8421)
CINAHL (n = 3224)
Bibliographies of reviews and
included trials (n=2)

v

Records screened
(n = 24842)

Records removed before
screening:
Duplicate records removed
(n = 21400)

A4

Reports sought for retrieval
(n = 4155)

\4

Records excluded
Not eligible (n = 20648)
Retracted (n = 2)
Duplicates (n = 37)

A4

Reports assessed for eligibility
(n =4023)

\ 4

Reports not retrieved
(n=132)

Reports included in review

(n = 463)
Trials included in the review
(n =457)

eFigure 2. Flow diagram

\4

Reports excluded:
Not a randomized control trial (n = 525)
Population <80% adults (n = 12)

No surgical procedure under general anaesthesia (n=85)

Ineligible comparator (n = 45)

No intraoperative systemic opioid minimization strategy

(n = 220)

Sample size less than 30 (n = 119)

No patient-centered outcomes (n = 2339)
Patient-centered outcomes not assessed after post-
anesthesia care unit (n = 9)

Not all arms eligible (n = 36)

Not English or French (n = 166)

Duplicates (n = 4)
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Gastrointestinal
Obstetric-Gynecologic
Orthopedic
Thoracic (non-cardiac) 38
Mastectomy/lumpectomy 37
Cardiac 29
Otorhinolaryngologic 26
Neurosurgery 25
Urologic 25
Endocrine 10
Plastic & reconstructive 10
Oral-maxillofacial 8
Vascular 6
Dermatologic [] 1
Ophthalmic ] 1
Other 4
Unspecified 7

87

95

107

0 20 40 60 80

Number of trials

100

120

eFigure 3. Types of surgery represented among included trials
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45
40
35
30
25
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5
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o
N N
Year of publication

Number of trials

20,1 2 |
2017 |
20018 |

2013
2014 | ——
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2011

2015
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2010 I ——
202 0 |
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2005

2006 N
2007

1991 mmmm
1992

1993 =

1994 I

1996 .

1997 =

1999 .

2000 =

2002 N
2003 I

1985 =
2001 mmm
2

*The year 2023 is incomplete as the search strategy was ran in February 2023.

eFigure 4. Randomized controtrials on pharmacologic opioid minimization strategies and

assessing at least one patiegentred outcome per year of publication
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Appendix 1. Definitions

Intraoperative period: For our reseapmogram, pharmacologic interventions administered the
same day of surgery and before patientods extu
mechanism of action and effect duration properties.

Opioid minimization strategyAny nonopioid drug with antinociceptive properties.

Multimodal strategies: The use of different classes of drugs, combining different action
mechanisms aiming to reduce adverse effects and improve benefits.

Patientcentred outcome domains: wéking, functional outcomes, patient satisfaction, quality of
life, life impact, opioidrelated, and pairelated

Systemic administration: Oral, intravenous, intramuscular or subcutaneous administration.
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Appendi x 2. Distiller SROs artificial int el

Distiller SRo6s artificial i ntelligence (Al)
reviewer for title and abstract screening once a predicted relevant reference rate of 92% (4323
references discovered /4658 references predicted, which vehedeafter screening by two

reviewers of 16,340 citations) was reached (i.e. approximative proportion of included trials that
the active machine learning predicts we have identified at a specific time point). The Al reviewer
was set to exclude all remaigimecords while a human reviewer inspected all remaining

citations, consulting a second human reviewer anytime there was a decision that conflicted with
that if the Al reviewer. We also used the audit tool to ensure no relevant studies were excluded in
error.
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4.1 Prefaceto manuscript 3

The most promising strategy identified@mapter 3Jscoping reviewas dexmedetomidinén
partnership with our patient partners panel (c.f. approach and development in Chapter 2) and our
partner organizationsJed asystematic review and Bayesian matelysisof RCTs to evaluate

the impact of intraoperative dexmedetomidine on patientred outcomes arnd assess the

certainty of evidence supporting this practiCe-authors involved in this project helpéat the
supervison the project and analytical plan, reis of the manuscript, scramg of thestudies
extraction of the data anid conductertainty of evidence assessment in duplicates. Patient
partners and partner organizasamontributedto refinethe research question, provitiaput on

the design of the study as well@s thedevelopnent ofthe dissemination plan.

This systematigeview protocol was published in BMJ Open:

Verret M, Le JBP, Lal MM, et al.Effectiveness of dexmedetomidine duringgery under
general anaesthesia on patieahtred outcomes : a systematic review and Bayesian meta
analysis protocoBMJ Open. 202414:e080012

| anticipate submitting the manuscrigporting the final resultss March2024

117



4.2 Manuscript 3

Effectiveness of dexmedetomidine on patieantred outcomes in surgical patients under general
anesthesia: a systematic review and Bayesian-aretlysis

Michael Verret2>7 John Bao Phuc '€, Manoj M. Lalut?7, Matthew S. JeffersDaniel |
Mclsaaé?’, Stuart G. Nicholls’, Alexis F. Turgeofh®, Rashi Ramchandahi?Hongda L1®

Brian Hutton™’, Fiona Zivkovid?, Megan Grahatd, Maxime Lé?, Allison Geist?, Mélanie
Bérubé&® Kat i el®landGHatad PatriciaPoulint’, Helena Daudf, Guillaume Martéet®,
Jason McVicar?, Husein Molod, and Dean A. Fergussbh’-8°

IClinical Epidemiology Program, Ottawa Hospital Research Institute, University of Ottawa,
Ontario, Canada

’Department of Anesthesiology and Pain Medicine, uOttawa, The Ottawa Hospital, Ontario,
Canada

SFaculty of Medicine, University of Ottawa, Ontario, Canada

“Population Health and Optimal Health Practices Research Unit (Tramargency Critical
Care Medicine), CHU de Québebtiniversité Laval Research Center, Québec, Canada
SDepartments of Anesthesiology and Critical Care Medicine, Faculty of Medicine, Université
Laval, Québec, Canada

6Ottawa Methods Centre, Ottawa Hospital Research Institute

’School of Epidemiology and Public Healtbpiversity of Ottawa, Ottawa, Ontario, Canada

8Department of Surgery, The Ottawa Hospital, Ottawa, Ontario, Canada

9Department of Medicine, The Ottawa Hospital, Ottawa, Ontario, Canada

10Faculty of Nursing, 1050 Avenue de la Médecine, Université Laval, Québec City, Quebec,

Canada, G1V 0A6

HQuebec Pain Research Network, 3001 12e Avenue Nord, Sherbrooke, Quebec, Canada, J1H

5N4

12Patient partner, The Ottawa Hospital, Ontario, Canada

BDepartment of Anesthesiology and Perioperati\
Ontario, Canada

14pain Canada, Pain BC, British Columbia, Canada

BInstitute of Health Policy, Management and Evaluation, University of Toronto, Toronto,

Canada

BMDCM, Faculty of Medicine and health sciend&gGill university, Montreal, Quebec

"Department of Anesthesiology and Pain Medicine, Faculty of Medicine, University of Ottawa

and The Ottawa Hospital Pain Clinic

¥Chil drendos Hospital of Eastern Ontario Resear

Corresponding author

Michael Verret

Clinical Epidemiology Program, Ottawa Hospital Research Institute, 501 Smyth Road, PO Box
201B, Ottawa, Ontario K1H 8L6, Canada.

Phone: 61337-8899 (x79842)

Michael.verret. med@ssss.gouv.gc.ca

118


mailto:Michael.verret.med@ssss.gouv.qc.ca

ABSTRACT

Importance: Dexmedetomidine is increasingly used for surgical patients requiring general
anesthesia. However, its effectiveness on patientred outcomes including quality of recovery
remains uncertain.

Objective: Evaluate the patierdentred effectiveness of intraoperative dexmedetomidine for
adult patients requiring surgery under general anesthesia.

Data Sources:We conducted a systematic search of MEDLINE, Embase, CENTRAL, Web of
Science and CINAHL from inception to October 2023.

Study Selection:Randomized controlled trials (RCTs) comparing the intraoperative use of
dexmedetomidine to placebo, opioid, or usual care in adult patients requiring surgery under
general anesthesia. At least one patamtired outcomegs defined by the Standardised
Endpoints in Perioperative Medicine (SHEE®MPAC) consensus, was required to be eligible.

Data Extraction and Synthesis:Study selectiondata extraction, and risk of bias assessment
were performed by two reviewers independentig synthesized data using a random effects
Bayesian regression framework to derive effect estimates and the probability of a clinically
important effect. For continuous outcome®, pooled instruments with similar constructs using
standardized mean differences (SMD) and we converted SMD and credible intervals (Crl) to
their original scale when appropriaWWe assessedaistical heterogeneity using taquared and
explored sources of heterogeneity with raetgressionWe assessed the risk of bias of included
RCTs wusing the Cochraneds Risk of Bias tool
GRADE methodology

Main Outcome(s) and Measure(s)Our primary outcome was quality of recovery after surgery.
To guide interpretation on the original scale, (helity of Recoveryl5 (QoR15) instrument
was used (range=1060 points, minimally important difference [MID] of 6 points).

Results: We identified 49,069 citations, from which 44 RCTs involving 5904 participants were
eligible. Intraoperative dexmedetomidine administration was associated with an improvement in
postoperative quality of recovery (mean difference in Q8R= 9.04; 95% creble interval

[Crl]; 3.58 to 14.11, n = 21 RCTs, low certainty of evidence). We found a 99% probability of
any benefit and an 88% probability of achieving MID. We estimated a 99% probability of any
benefit on chronic pain incidenc®R=0.42, 95%Crl0.18 to 0.79, n=7 RCTkw certainty of
evidence). There was also an increased risk of clinically significant hypote@sieri (98,

95%Crl: 0.84 to 3.92, n= 8 RCJrand clinically significant bradycardi®R=1.74, 95%Crl:

0.93 to 3.34, n= 10 RCT,swith very low certainty of evidence for both.

Conclusions and RelevanceDexmedetomidine initiated during general anesthesia may result in
clinically important improvement in the quality of recovery and chronic pain after surgery.
Pragmatic multicentre RCTs are needed to confirm clinical significance of these findings
consideing the low certainty of evidence.

PROSPERO registration number: CRD42023439896
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KEY POINT

Question: What is the impact of systemic dexmedetomidine initiated (i.e., intraoperative) during
general anesthesia on postoperative patientred outcomes among adult surgical patients?

Findings: In this systematic review and Bayesian matalysis, 44 randomized controlled trials
were included. The probability of clinically significant effect (i.e., reaching the minimally
important difference) from dexmedetomidine on the quality of recoverysaftgery was high

and the certainty of evidence was |loMere was limited evidence to inform the risk of clinically
significant adverse events associated with dexmedetomidine.

Meaning: Intraoperative dexmedetomidine may result in clinically meaningful improvement of

postoperative quality of recovery. High quality randomized controlled trials are needed to
confirm effectivenesand safety.
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INTRODUCTION

Since its approval in 1999 for sedation of critically ill patients in the intensive care unit,
dexmedetomidine (i.e. an alpRaagonist) has been increasingly used as alabél opioid
minimization strategy during surgef¥-5) Dexmedetomidine can reduce shiatm opioid

us€6, 7)and some adverse effects related to opioids (i.e., nausea and vomiting and respiratory
depression§8-11) However, its impact on patiesentred outcomes remains uncertain and as a

result, its use during surgery requiring general anesthesia is still déb2tdd)

Patientcentred outcomes are those identified as meaningful and important to patients and
caregiverg14) They can provide a holistic perspective on the patient postoperative experience
including the quality of recovery and pain impact onction and daily living(15-21) which are

core domains that should drive evideii@sed strategies to minimize opioid utilizat{@2-28)
Prominent perioperative national and international expert consensus sta(2g2éi2934)

such asAmerican Society for Enhanced Recovery & Perioperative Quality Initiative Joint
Consensus StatemdB6, 36)emphasized the importance of patieehtred outcomes in the

assessment of opioid minimization strategies.

Previous systematic reviews and randomized controlled trials (RCTs) have evaluated the
effectiveness of dexmedetomidine using unidimensional (e.g. visual analogue scale for pain
intensity) or indirect (e.g. shetérm opioid exposure) endpoints withoutadit patienicentred

outcome assessment, limiting relevance and applicability of the fin(B@e&9) However, a

recent scoping review of RCTs evaluating potential opioid minimization strategies in which
patientcentred outcomes were assessed, indicated that dexmedetomidine was among the most
promising pharmacologic strategies for intraoperative(48gOur objective was to estimate the
magnitude and certainty of intr acpred ati ve dex
outcomes, such as the quality of recovery and chronic pain after surgery, among adult patients

requiring surgery under general anesithes
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METHODS

We performed a systematic review and Bayesian Haweddysisfollowing the recommendations
from the Cochrane Handbook for Systematic Reviews of Interverddn©ur review is

reported in accordance to the Preferred Reporting Items for Systematic Reviews and Meta
Analyses (PRISMA) 2020 statement ahd WAMBS-checklist for Bayesian analyqi$2-44)

We registered our systematic review in PROSPERR42023439896and published our
protocol prior to data analysé$5) As detailed in our protocol and in a separate reflective
article(46) we used a collaborative approach involving a multidisciplinary team, patient partners,
and multiple partner organizations across all steps of this systematic review (eTable 1). Our
patient engagement approach is reported according to the Guidance fdirfgdpwolvement

of Patients and the Public (GRIRRR(eTable 2)47)

Information sources and search strategy

Our search strategy was used in our scoping review inclusive of all opioid minimization
strategiegAppendix 1)(38, 40)We systematically searched MEDLINE, Embase, CENTRAL,
Web of Science and CINAHL from inception to Octobe¥ 2023 for relevant key terms with

no language or date restrictions. The search strategy was developed following the Peer Review
of Electronic Search Strategies (PRESS) recommendations and was\pewed independently

by two information specialisigl4)

Study selection

We included peereviewed RCTs assessing the effectiveness of systemic dexmedetomidine
compared to placebo, opioids, or usual standard of care. To be considered eligible,
dexmedetomidine had to be initiated during the intraoperative periodléyeof surgery before
the patient is in the post anesthesia care.URETs were included if they reported at least one
patientcentred outcome after the p@staesthesia care unit phase of caj®Ve defined and
classified patiententred outcomes based on the Standardised Endpoints in Perioperative
Medicine initiative (SEEFCOMPAC) recommendations and examples can be found in eTable
3.(48) In addition, we included lonterm opioid use (including opioid substance use disorder or
overdose), opioidelated adverse effects (multidimensional assessment), acute pain

(mul tidi mensional assessment <3 monaskpaignt and
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centred outcome@l6) RCTs published in suspected predatory journals (i.e., notrpeiewed)

were excluded. A predatory journal was defined as an-apeess journal that is not registered

nor in the Directory of Open Access Journals (DOAths://doaj.ord) nor in Committee on
Publication Ethics (COPHittps://publicationethics.orpy(49, 50)

Data extraction
After removing duplicates in Zotero (https://www.zotero.org), we imported the citations into
InsightScope (i.ean online software designed to facilitate large reviews,

https://insightscope.ted(51) We performed study selection and data abstraction independently

and in duplicate and resolved conflicts with a third senior reviewer when needed (M.V, J.B.P.L,
R.R, and H.LX51) We used a standardized data extraction form, informed by our
multidisciplinary team, which included: (1) study design characteristics, (2) study methods, (3)
patient eligibility criteria, (4) surgery, (5) the type of anaesthesia and analgesia, (6)¢asityn
associated with the procedure, and (7) the source of fudii)g.

Outcomes

Our primary outcome was the postoperative quality of recovery, regardless of the measurement
instrument used (see eTable 3 for exampl&8) When multiple time points were available, we
prioritized the 24hour time point or the closest time point available. If multiple quality of

recovery instruments were reported in an RCT, we prioritized the Quality of Reckivésgore
between 0 and 150,immally important differencé 6 pointsj53) as this valid and reliable
instrument54) is recommended by the StEFOMPAC group (patiertentred and patient

comfort consensu@)8, 55)and also highly ranked by our multidisciplinary team including

patient partner§45, 46)

We assessed other pati@eintred outcomes, such as wading (i.e. other than quality of
recovery), patient function, healtblated quality of lifelife impact,acute pain
(multidimensional assessment), chronic pain, opieldted adverse events (multidimensional

assessments) and chronic opioid (ss eTable 3 for examples)
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We assessed nguatientcentred outcomes including hospital and post anaesthesia care unit
lengths of stay, adverse events includigigum, nonfatal/fatal cardiac arrest, mortality, and
respiratory depression as well as adverse events requiring intervention (i.e. bradycardia,
hypotension, tachycardia, hypertensi(sg, 57)

Risk of bias

We (M.V, J.B.P.L, R.R, and H.L) assessed the dorspétific and overall risk of bias in

duplicate using the Cochrane Collaboration Risk of Bias (RoB 2.0§5840) The risk of bias
assessment was outcomeented using our three outcome categories: quality of recovery, other

patientcentred outcomes, and additional outcomes sepa(a@ly.

Data synthesis and analyses

For each outcome measure reported, we conducted a raeftents Bayesian Meta

Analysis(61-63) Bayesian modelling directly estimates the probability of an effect (or a certain
effect size) being credible based on a combination of prior knowledge and the observed data, in
contrast to a frequentist approach which estimates the probability of theexbdata (e.g.,-p

value based null hypothesis testing). We pooled instruments with similar constructs using
standardized mean differences and their 95% credible intéB64I5or our primary analysis, we
assessed the effect of dexmedetomidine on the quality of recovery. We used hierarchical models
(i.e., arandom effect for each study, and study level estimates as fixed effects) to estimate the
standardized mean difference araresponding 95% credible intervals (Crls) using linear
regression. We also converted standardized mean differences to their original scale (i.e., QoR
15) to facilitate clinical interpretation (i.e. multiplication of the pooled SMD by the-Q®R

mean stadard deviation across intervention groups of included RCTs [SD = 1065j\ve
calculated the probability of any benefit/harm using the highest density probability interval of the
posterior distribution and the probability of achieving a mean difference as large or larger than
the minimally important difference (MID) using the pimcal cumulative distribution function
(ECDF). The same approach was used for pooling secondary outcomes; modelling continuous
data with mean differences (or SMD if more than one instrument sharing similar constructs) and
standard errors (i.e. linear megsion) and binary data with odds ratio (logarithmic scale) and

standard errors along with 95% credible intervals. A SMD equal or larger than 0.2 was
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considered clinically significarfd1) We used weak informative prior distributions for effect size
estimation of continuous outcomasd binary outcomes, and we conducted sensitivity analyses
using norinformative priors (see Appendix 2 for priors and model specificatidvis)estimated

the heterogeneity distribution usitay (J prior distribution: Hal§CauchyD0,0.5)(66-68) We
interpretedJas reasonable (between 0.1 and 0.5), fairly high (between 0.5 and 1.0) or fairly
extreme (higher than 1.082, 69)We assessed potential publication bias with funnel plots when

more than ten trials were included in a rmatealysis.

Subgroup group analyses

For each patiententred outcome measure that was reported in ten or more(RQTge

performed metaegressions to explore sources of heterogeneity, namely: type of surgery (high
risk of chronic pain vs. no{),0) population (older adults>p5] vs. younger, chronic pain or

opioid use at baseline vs. not vs. mixed), type of dexmedetomidine administration (bolus vs.
bolus and infusion vs. infusion vs. target plasma concentration), the dosage of dexmedetomidine
(concentration and duration), risk bias within RCTs with available data (low, high, or some
concerns), mean pain intensity in the control group (low vs. moderate or severe pain irftensity (

4 on a 16point scale), and type of funding (academic, industry, @oécland industry}71)

Model diagnostics and code

Bayesian metanalyses and posterior distribution results were calculated using the brms package
in R version 4.3.263) We implementeadur sampling procedure using the Markov Chain Monte
Carlo-based method, with an iteration phase of 6000, a vwgriphase of 2000 iterations

followed by 4 chains as the initial approd@R) We assessed model convergence and validity

with the Rhat values (<1.01 for adequate convergence) and Potential Scale Reduction Factor
(PSFR) approact¥.3, 74)We also assessed visual mixing of the chains (density plots), marginal
posterior distribution of parameters (i.e., similarity between observed and predicated data), and

autocorrelation using lag plots.

Certainty assessment
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To determine confidence in the estimates, for each outcome, we assessed the certainty of
evidence in duplicate using the Grading of Recommendations Assessment, Development and
Evaluation (GRADE) working group methodolo@gb)
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RESULTS

Study characteristics and study selection

We identified 49,069 citations from our search, of which 46 RCTs involving 6024 participants
(range: 39 to 798 participants per RCT) were included in our systematic review. Some results
could not be included in metmalyses (reasons provided in eTableaa}l a total of 44 RCTs
involving 5904 participants were included in our matelyses (Figure 1).

Most RCTs were conducted in one centre (n=40; 3&ficipants) and 13% were multicentre
RCTs (n=6; 2112 participants). The mean age of participants was 56 * 14 years old and 51%
were female (eTable 5). The most common types of surgery within RCTs were gastrointestinal
surgery (24%, n=11; 742 participaptsoncardiac thoracic surgery (17%, n=8; 726

participants), and obstetrigcg/naecological surgery (13%, n=6; 405 participants). The
comparator was placebo in 91% (n=42; 5774 participants), opioids in 7% (n=3; 186 participants),
and usual care in 2% of R& (n=1; 64 participants). Dexmedetomidine was administered as a
bolus (i.e., single dose) in 17% of RCTs (n=8; 712 participants), an infusion in 35% of RCTs
(n=16; 1963 participants), and using a combination of a bolus followed by an infusion in 48% of
RCTs (n=22; 3349 participants). In 17% of RCTs (n=8; 1884 participants), dexmedetomidine
administration continued during the postoperative period. The median duration of infusion was
2.3 h (IQR: 1.73.9) and the median dose of the bolus and intraoperafiv&on respectively

were 0.5 pg/kg (IQR: 0-4.0) and 0.5 pg/kg/h (IQR: 0:@.5). Analyses accounting for sex (i.e.,
stratification for sex) were performed in 15% of RCTs (n=7; 1436 participants). A summary of
characteristics of included RCTs is providaceTable 5. Quality of recovery was reported in 25
RCTs (n=2155), other patienentred outcomes were reported in 23 RCTs (n=4271), and
clinically important adverse events or lengths of stay were reported in 37 RCTs (n=5387).
Results from RCTs that couladtbe pooled are summarized in eTable 4. Authors were contacted
to provide detail quantitative results of quality of recou@) sleep quality,77) quality of

life,(77) acute pair(;/8) and chronic paiii/7) but no responses were obtained.

Risk of bias
For the 25 RCTs in which the primary outcome (quality of recovery) was reported, the overall
risk of bias was considered low for 40% (n = 10), unclear (n = 13), and high for 8% (n = 2). The

overall risk of bias for other patiesentred outcomes (n=23) wiasv for 22% (n = 5), unclear
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for 65% (n = 15), and high for 13% (n = 3). The overall risk of bias for the clinically important
adverse events and lengths of stay was low for 19% (n = 7), unclear for 68% (n = 25), and high
for 13% (n = 5) (eTablé-8 and eFigure -B).

Primary outcome

Quality of recovery

Among the 25 RCTs that assessed the quality of recovery, 21 RCT/@8participants) were
pooled (i.e., outcome measure with same or similar construct). The quality of recovery
instruments pooled were the Quality of Recov@ign=1), Quality of Recoverg5 (n=5), and
Quiality of Recoveryd0 (n=15). The timing of evaluation wa4 hours after surgery except for
two RCTs that reported a later tirpeint (76, 79)

The estimated mean increase in the quality of recovery was 0.83 SMDAm84€(I: 0.33 to

1.30, Tau = 1.12Results were similar when using a riaformative prior SMD=0.86,

95%Crl: 0.34 to 1.38, Tau=1.17) (eTable 9 and Appendix 4). Following conversion to original
scale (QoR15), themean increase in the Quality of Recovery was 9.04 pd@58&Crl: 3.58 to
14.11) (Table 1 and Figure @&5) The posterior probability of any benefit (i.e., probability that
there is a difference between groups in favour of dexmedetomidine [MD>0]) from
dexmedetomidine on the quality of recovery was 99% and the probability of a clinically
significant benefit (MD>6.0 nits on QoR15 scale) was 88%@3) After removing three RCTs

with extreme results (i.e., >3 times the pooled SMD), the posterior probability of clinically
significant benefifMD>6.0 units on QoRL5 scale]) wa81%. The certainty of evidence was

low (Table 1). Based on forest plot visual inspection andmegfeession coefficients (Figure 3),
some factors partly explained heterogeneity, such as the risk of bias (i.e., RCTs at lower risk of
bias reported larger fefct sizes from dexmedetomidine), dosage regimen (the use of combined
bolus anl infusion were associated with increased effect size), and type of population (increased
effect size when used among the +ga@miatric population). The duration of infusion (in hours)
had no strong impact on the quality of recovery based onmgtassia (SMD=0.02, 95%Crl:
0.07 to 0.10).
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Other patient-centred outcomes

Life impact

There was little evidence that dexmedetomidine improved patiéependancafter surgery
(MD=-5, 95%CI:-5 to 0, n= 1 RCT evaluated with tBarthel score}80) The certainty of

evidence was very low (Table 1, Appendix 3).

Patient healthrelated quality of life

Pooled estimates suggested no strong benefit from dexmedetomidine ofrdlatdth quality of
life after surgery (SMD=0.05, 95%CH0.61 to 0.72, Tau = 0.40, n= 2 RCTs). The posterior
probability of any benefit was 46% (combining Short F@1t8F8) andSF12). The certainty

of evidence was low (Table 1, Appendix 3).

Multidimensional acute pain

One RCT evaluated the effect of dexmedetomidine on DN4 (i.e., Neuropathic Pain Detection
Questionnaire) and found mmpact from dexmedetomidine (i.e., absence of neuropathic pain in
all intervention and control armgj8) No RCTs reported multidimensional acute pain

assessment.

Wellbeing (Sleep quality)

The posterior probability of any benefit from dexmedetomidine on sleep quality was 94% (MD=
0.61 [NRS 0 to 10, lower is better], 95%C11:29 to 0.10, Tau = 0.89, n= 7 RCTSs, low certainty
of evidence) (Table 1, Appendix 3).

Postoperative function

No RCTs reported data on postoperative function.

Chronic pain

The posterior probability of any benefit (OR<1) was 99% and the posterior probability of
clinically significant benefit (OR<0.70) on postoperative chronic pain incidence was 95%
(OR=0.42, 95%Crl: 0.18 t0 0.79, Tau = 0.77, n=7 RCTs, low certainty of eajl€hable 1,
Appendix 3).
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Other outcomes

Theposterior probability of any harm on hypotension requiring an intervention was 94%
(OR=1.98, 95%Crl: 0.84 to 3.92, Tau = 0.91, n= 8 RCTSs, very low certainty of evidence) and it
was 95% for bradycardia requiring an intervention (OR=1.74, 95%Crl: 0.934pT8 = 0.62,

n= 10 RCTs, very low certainty of evidenc&he posterior probability of any benefit on

mortality was 93%(OR=0.69, 95%Crl: 0.37 to 1.21, Tau = 0.36, n= 10 RCTs, low certainty of
evidence)Theposterior probability of any benefit on hygesion requiring an intervention was
90% (OR=0.81, 95%Crl: 0.25 to 2.15, Tau = 0.62, n= 2 RCTs, very low certainty of evidence),
and 80% for the posterior probability of any benefit on tachycardia requiring an intervention
(OR=0.80, 95%Crl: 0.25 to 2.3Tau = 0.65, n= 2 RCTs, very low certainty of evidence).

The posterior probability of any benefit on postoperative delirium was 99% (OR=0.62, 95%Crl:
0.391t0 0.92, Tau = 0.52, n=12 RCTSs). There was no effect from dexmedetomidine on the odds
of respiratory depressid®R=1.14, 95%Crl: 0.42 to 2.48, Tau = 0.51, n= 10 RCTs, posterior
probability of any benefit=47%No RCTSs reported results @hronic opioid use, fatal/nefatal
cardiac arrest, and opierglated adverse effects (multidimensional assessment) outcome.

measures.

Lengths of stay

The posterior probability for dexmedetomidine increasing post anesthesia care unit duration was
88% (MD=0.69 minutes, 95%CH0.49 to 1.79, Tau = 1.8, n= 16 RCTSs), and the posterior
probability of a reduction in hospital length of stay was 92% (MDE8 days, 95%Crl:0.49 to

0.05, Tau = 0.33, n= 21 RCTs).

Publication biases
For all metaanalyses including more than ten RCTs, we found no evidence of publication bias

based on visual assessment of funnel plots (eFig8je 4

Model diagnosis
All our models converged adequately with Rhat <1.01 (i.e., representative regions were explored
by the chains) and marginal posterior distributions were adequate (i.e., results from statistical

models resembled the observed data). We also obtained good wfithe Markov chains based
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on the trace plots and there was no autocorrelation (i.e., dependency among Markov chain
samples) except for the primary outcome model (i.e., QoR) as well as fortedatdd quality

of life that was resolved with increased thinning (sehsampling each chain of simulation
generated by the modgeWhile providing similar effect estimates (thin=Bensity plots, trace
plots, posterior check and autocorrelation figures are provided in Apperiglesdlts were

similar whether a weak informative or a Rioformative prior was used (eTable 9).

Protocol deviation

All diagnostic tests (convergence, replication, density) were satisfactory (Appendix 4). While we
planned to explore the impact of the dose (continuous variable) of dexmedetomidine
administration on our primary outcome (i.e., quality of recovery), we dddml categorize this
independent variable given the overall limited range of doses utilized (i.e. low: 0 to 0.49 mcg/kg,
medium: 0.5 to 0.99 mcg/kg, and high: mcg/kg).
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DISCUSSION

In this systematic review and medaalysis of RCTs, we found a high probabitiat
dexmedetomidine improves the quality of recovery after surgery among adult patients
undergoing surgery requiring general anesthesia. There was also a high probability that this
effect may be clinically significar{63) The certainty of evidence was, however, low as a result

of the risk of bias and the high level of statistical heterogeneity (i.e., inconsistency). We
identified factors that partially explained heterogeneity such as risk of bias, dosage regimen, and
type of population. While the certainty of evidence was also low, we found a high probability
that dexmedetomidine improved postoperative chronic pain. Intraoperative dexmedetomidine
was also promising to improve sleep quality, and delirium incidence. Dexmadate may

increase the risk of clinically significant (i.e., requiring an intervention) hypotension and
bradycardia, but the certainty of evidence was very low. However, mortality and hospital length
of stay were reduced with the use of dexmedetomidnukicating that bradycardia and

hypotension episodes had likely minimal impact on patients. There were either few RCTs or
none reporting the effect of dexmedetomidine on life impact, hegliited quality of life,
postoperative acute pain (multidimensioagsessment), loAgrm opioid use, fatal/nefatal

cardiac arrest, clinically significant tachycardia, clinically significant hypertension, and-opioid

related adverse effects outcome measures.

Our findings are consistent with a previous systematic review andamalgsis that included

nine RCTs evaluating the effect of dexmedetomidine on the quality of recovery among patients
undergoing elective surge($7) Results from this previous systematic review have also shown a
statistically significant effect from dexmedetomidine on the postoperative quality of recovery
(MD: 15.71; 95% ClI, 0.43 to 31.00). However, their analysis was restricted to one type of
instrument (QoR40, score range between 40 and 200) and the analyses did not address the
clinical (vs. statistical) significance of the findings. Thus, our results strengthen previous
findings regarding the effectiveness of dexmedetomidine in improving theyoofatécovery

and suggests that the effect may be clinically meaningful.

Other systematic reviews have shown a lack of evidence to inform the analgesic effectiveness of

dexmedetomidine in perioperative cét@, 81)While we focused our shetérm analgesic
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assessment on multidimensional pain assessment or pain interference scores, our findings are
congruent with previous reviews; confirming an absence of evidence in thd 2yea.

Furthermore, our assessment is compliant with an updated international pain definition
incorporating the subjective experience and expert consensus recommending multidimensional
pain assessment in clinical care and rese@2})As for longterm analgesic effectiveness (i.e.,
prevention of chronic pain), our findings are incongruent with previous systematic reviews that
did not observe evidence of an effé81) As a result of our exhaustive search strategy and new
evidence that have been published, we observed that intraoperative dexmedetomidine may

reduce the incidence of postoperative chronic pain after surgery.

Our review has a number of strengths. We employed a rigorous and contemporary approach for
conducting our systematic review. First, emphasizing the importance of paened outcomes
in perioperative care and to inform appropriate use of opioid miatioiz strategy, we

conducted a comprehensive patieahtred assessment to determine effectiveness. We thus
implemented the StEROMPAC consensus recommendations for perioperative patetted
outcomes which was previously identified as an importaniviedge ga40) It also represents

a pragmatic approach to identify promising alternatives in the context of the worldwide opioid
crisis(28) Second, to enhance the clinical relevance and applicability of our findings, we
evaluated the clinical significance of our findings using established minimally important
difference thresholds (e.g., QdF$ MID = 6.0) and following guidelines for patiergported
outcome measures evaluati@®) Third, we used the most recent version of the-ofskias
assessment tool (RoB 2.0) and adhered to Cochrane group guidance for systematic review.
Fourth, we implemented a Bayesian framework to allow modelling of heterogeneity, enable
efficient utilization of available data, and to enhance the interpretability of our r¢86jts.

Finally, we used an innovative -@peation approach, actively involving partner organizations
and patient partners throughout the research process, thereby fostering a collaborative and

multidisciplinary perspective.

Our review also had limitations. First, while pati@entred outcomes are extremely important to

guide clinical decisiormaking during general anesthesia, other important outcomes may be

relevant to clinicians. Our hatgignoteassess dtleastr evi ew
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one patiententred outcome, thus our assessment of harms is not exhaustive. Second, our
systematic review does not compare dexmedetomidine with other opioid minimization strategies

(i.e., comparative effectiveness research).

CONCLUSION

Our pooled analysesuggesthat intraoperative systemic dexmedetomidimey be gromising
pharmacologic strategy to improve the quality of recovery after surgery and potentially reduce
postoperative chronic pain incidence among adult patients. However, the certainty of evidence
was low. Thus, there is a need for further higlality RCTs evaluating the patiexentred

effectiveness and safety of dexmedetomidine initiated during the intraoperative period.
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Table 1.Summary estimates from Bayesian metanalyses with the assessment of the certainty
of the evidence

Posterior L . .
Number of participants
o Relative effect Probability Number p p Hejerogeneny Certamty of
utcome (95%Crl or CI) © of any of Dexmede using Tau the evidence
benefith RCTs tomidine Comparator | (95% Crl) (GRADE)
Primary
. MD=9.04 ©5%Crl: 3.58
Quality of o 1.12 Low?
Recovery to 14.11) 99% 21 908 885 (0.81 to 1.56)
Secondary
Health
related
) . SMD=0.05 (95%Crl: 0.40
quality of life 46% 2 209 219 Low*®
(ShortForm 0.611t00.72) (0.01 to 1.36)
score)
Life impact
(Barthel MD=-5 (95%CI:-5 to 0) | NA 1 55 55 NA Very low?
Indexy
Sleep Quality| _ 0 .
(Numerical _'\g; ?66011(8;3 ACr: 94% 7 858 854 ?6837 {0 1.60) Very low?
Rating Scale) ™ ' ' '
Chronic Pain | OR=0.42 (95%Crl: 0.18 o 0.77 Low?
Incidences | to 0.79) 99% ! 692 683 (0.23 to 1.60)
. OR=0.70 (95%Crl: 0.37 0 0.36 c
Mortality 10 1.21) 93% 10 1254 1261 (0.01 to 1.12) Low
= Y .
Deliium | Oy 3532(95 #Cr0:39 | 9906 12 1457 1459 0.52 very low
Bradycardia
S OR=1.74 (95%Crl: 0.93 0.62 Very low?
requiring an 5% 10 1106 888
intervention to 3.34) (0.08 to 1.49)
Hypotension _ .
- OR=1.98 (95%Crl: 0.84 0.91 Very low?
requiring an 6% 8 1026 808
intervention t0 3.92) (0.4010 1.72)
Tachycardia
. OR=0.8 (95%Crl: 0.25 td 0.65 Very low®
requiring an 80% 2 195 196
intervention 2.37) (0.03t0 1.91)
Hypertension _ .
- OR=0.81 (95%Crl: 0.25 0.62 Very low®
requiring an 80% 2 180 180
intervention to 2.15) (0.02 t01.90)

OR, odds ratio; MD, mean differences; SMD, standardized mean difference

@ue to risk of bias and inconsistency
Due to risk of bias, inconsistency, and imprecision

°Due to risk of bias and imprecision

€95%Crl: 95% crediblenterval and 95%CI: 95% confidence interval

fConversion of pooled Quality of Recovery results in Quality of ReceV¥&mynit bymultiplying the
pooled SMD by the QoR5 mean standard deviation across intervention groups of included RCTSs.
Score range between 0 (very poor recovery) and 150 (excellent recovery).

9Score range between 0 and 100 with lower score indicating increased disability.

hCalculated with Empirical Cumulative Distribution Function



Identification

Records identified from:
MEDLINE (n =10457)
Embase (n = 11634)
CENTRAL (n = 14748)
Web of Science (n = 8913)
CINAHL (n =3317)

A

Screening

Records screened
(n=27479)

\4

Records removed before screening:
Duplicate records removed (n = 21590)

A4

Full text reports assessed for
eligibility
(n=1088)

A4

Records excluded
(n = 26391)

Included

RCTs included in review

(n = 46; 6024 participants)
Reports of included studies
(n=49)

\4

Reports excluded:
Not a randomized control trial (n = 153)
Population <80% adults (n = 0)
No surgical procedure under general
anaesthesia (n=5)
Ineligible comparator (n = 2)

No intraoperative systemically administered

dexmedetomidine (n = 26)
Ineligible combination agent (n = 9)
No patientcentered outcomes (n = 823)

Outcomes not assessed after PACU (n=2)

Suspected predatory journal (n=10)
Duplicate study (n = 9)

Figure 1. Flow diagram

v

RCTs included in metanalysis
(n = 44; 5904 patrticipants)
Reports of included studies
(n=47)
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Study Effect measure [95%Crl]

Sivaji P 2022 —_— . 36.01 [27.07, 44.81]
Jiang M 2019 e 35.75 [28.22, 43.15]
XuS 2023 . 33.05 [27.03, 39.19]

ShuT 2022 12.99 [8.05, 17.85]

Ren B 2023 12.56 [7.36, 17.97]
YuP 2022 12.26 [6.96, 17.5]
Zheng L 2020 11.07 [5.15, 17.07]

| el
A
_A_
Zhang L 2019 A 9.61 [5.35, 13.95]
A

Kim SH 2013 7.48[2.89, 12]

Saravanaperumal G 2022 1 6.6 [1.22, 11.99]
LiS (1)2023 (2) Zeng M 2023 5.65 (3.1, 8.22)

Lee S 2016 A 5.46 [1.09, 9.5)

Kim SY 2013 — 4.65[0.47, 8.78]

ChoiJ 2021 3.1 [-1.26, 7.63]

GeD 2015 2.82[-2.17,7.92]
Tufanogullari B 2008 2.8 [-2.64, 8.13]
KimJ 2019 1.24 [-2.21, 4.73]

GeD 2016 1.14 [-4.21, 6.15]

Bekker A 2013 0.93 [-4.67, 6.59]
Hou Y 2023 -2.81 [-7.68, 1.95]

Zeeni C 2019 -3.48 [-9.18, 2.05]
Pooled Effect e 9.04 [3.58, 14.11]

0 20 40 60
Mean Difference

Figure 2. Forest plot for Quality of Recovery outcome measure (mean difference)

Black vertical line indicates null value (mean difference = 0), grey dashed vertical line indicates
the threshold for minimally important difference. A value above zero (right direction) favors
dexmedetomidine. A value below zero (left direction) favorgrod.
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Subgroup

Effect measure [95%Crl] (trials)

Timing: intraop | —— 0.81[0.3, 1.32] (n=20)
Timing: intra and postop - 1.12[-1.19, 3.42] (n=1)
RoB: some concerns —:—'— 0.39[-0.3, 1.07] (n=10)

RoB: low 1.35[0.683, 2.04] (n=10)
RoB: high 0.03 [-2.21, 2.25] (n=1)
Pain risk: low 0.79[0.22, 1.35] (n=16)
Pain risk: high 0.92[-0.13, 1.96] (n=5)

Pain intensity: unknown
Pain intensity: moderate/high

Pain intensity: low

Opioid naive only: yes

0.28 [-1.12, 1.64] (n=3)
0.67 [-0.54, 1.83] (n=4)
0.98[0.34, 1.61] (n=14)

1.14[0.37, 1.91] (n=9)

Opioid naive only: NS — 0.59 [-0.06, 1.23] (n=12)
Infusion: none l—-— 0.9[0, 1.8] (n=7)
Infusion: medium - 0.81[-0.19, 1.8] (n=6)
Infusion: low — 0.76 [-0.08, 1.63] (n=8)

Funding: not reported

Funding: none

0.930.02, 1.81] (n=7)
0.23 [-1.16, 1.61] (n=3)

Funding: academic E —_— 0.91[0.19, 1.61] (n=11)
Chronic pain: NS ;e 0.84 [0.33, 1.33] (n=20)
Chrenic pain: excluded - 0.65[-1.72, 2.96] (n=1)
Bolus: none : 0.14 [-0.89, 1.16] (n=5)

Bolus: medium G ——— 1.07 [0.38, 1.76] (n=11)

Bolus: high : 0.94 [-0.1, 1.97] (n=5)

Age: no restriction —_—— 0.49[-0.2, 1.18] (n=10)

Age: geriatric only

Age: Geriatric excluded

Administration: infusion
Administration: both

Administration: bolus

_——
—_——

L —

-0.36 [-2.56, 1.86] (n=1)
1.28 [0.59, 1.99] (n=10)

0.14[-0.89, 1.15] (n=5)
1.14 [0.36, 1.89] (n=9)
0.91 [0.04, 1.76] (n=7)

25 0.0 2.5 5.0
Standardized Mean Difference

Figure 3. Forest plot showing mategression results

Blue dashed vertical line indicates nul value (standardized mean difference = 0). Values above
zero (right direction) favours dexmedetomidine.
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eTable 1. Partner organizations

Type of knowledge users

Interested parties identified

Practitioners and researchers
Anesthesiologists

Anesthesiologists
Surgeons

Nurses

Pain expert
Psychologist
Researcher
Trainee

Patients

Patient panel

Patient organization

Strategy for PatierDriented
Research (SPOR)

Policy makers

Health Canada
Choosing Wisely

Institutions

Department of Anesthesia and
Pain Medicine (University of
Ottawa)

Interdisciplinary organization

Pain BC

Solving Pain

Réseau Québécois de Recherche
sur la Douleur

Chronic PairNetwork

Researcher and practitioner
organization

Perioperative Anesthesia
Clinical Trials group
Canadian Anesthesia Society
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eTable2. GRIPP2 short form

positive and negative effects

Section and topic Item Reported on
page No
1: Aim Report the aim of PPl inthe | 4
study
2: Methods Provide a clear description of | 4
the methods used for PPI in tf
study
3: Study results Outcomed Report the results | 5
of PPl in the study, including
both positive and negative
outcomes
4: Discussion and conclusions Outcomed Comment on the | 5 (additional
extent to which PPI influenceg information
the study overall. Describe provided in

our reflective
article [Verret

from this experience

et al. CJA.
2023])
5: Reflections/critical perspective Comment critically on the N/A
study, reflecting on the things| (additional
that went well and those that | information
did not, so others can learn | provided in

our reflective
article [Verret
et al. CJA.
2023))

PPI=patient and public involvement
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eTable 3. Patientcentred outcome measure domains and instruments

Outcome measure domain

Instruments?2

Well-being (quality of recovery)

*Quality of Recovery (QoRj)i 9, 15, 40

Functional Ability Questionnaire (FAQ)

Post Dischargsurgical recovery (PDSR)

General Symptom Distress Scale (GSDS)

Functional Status Questionnaire (FSQ)

Post Anesthesia Shete¢rm Quality of Life
(PASQOL)

Surgical Recovery Index (SRI)

Functional Recovery Index (FRI)

Postoperative Quality of Recovery Score (PQRS)

Surgical Recovery Scale (SRS)

Function (O 1

md

*WHO disability assessment

Six-minute walk test (6MWT)

ECOG performance status

Healthrelated quality of life

*EuroQuol 5D5L

EuroQuol 3D3L

*SF-36

SF12

SF8

Life Impact

30 days alive and out of hospital

1 year alive and out of hospital

Time to return to work

Time to return to usual activity

Barthel index

Acute pain multidimensional
assessmeht

*Brief Pain Inventory

McGill Pain Questionnaire

Activity -based checks of pain (ABCSs)

American Pain Society Patient Outcome
guestionnaire

Opioid-related adverse events
multidimensional assessments

*Opioid-Related SymptorDistress Scale (ORSDS

Numerical Opioid Side Effect (NOSE) scale

Opioid Side Effect Scale (OSES)

Side Effect/Symptom Distress Score(s)

Chronic paifd

Chronic pain incidende
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Chronic opioid use, disorder, or Any tool assessing opioid use/disorder/overdose
overdose

Non exhaustive list of instrumerttsat should be assessed once the patient has left the recovery room to be
eligible

224 hours after surgery of closest time point available will be extracted except for intermediateterrfong
instruments (i.e. time to return to work, chronic pain and chronic opioid use)

3Pain at surgery site will be prioritized

‘Latest time point available after 3 months will be extracted

*Instruments that will berioritized if more than one is reported tbe same domain in the same trial
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eTable 4. Summary of randomized controlled trials that could not be included in metanalyses with reasons that preclude quantitative

ooling
Intervention Intervention Control Control effect
Binary or : effect+ SD (or . + SD (or Lo Reason for exclusion
Study Instruments ) sample size sample size Findings X
Continuous number of number of from meta-analysis
(analyzed) 2 (analyzed) 2
events) events)

Well-being (quality of recovery)
Efe Quality of Recove
Mercanoglu 15 y 'Y | Continuous 30 Not specified 30 Not specified | No effect No quantitative results
2022

Quality of Recovery Uncertainty regarding
Sherif 2017 20 y Y| continuous 49 182.0 49 140.0 Benefit effect size andariance

of mean

Khanduja | Clinical recovery | oo nin0us 30 10.2 + 0.61 30 9.67+0.661 | Benefit No other RCT reporting
2014 score this instrument
Mao 2020 | SurgicalRecovery | oo ninous 29 32.97 +9.59 29 32.86+13.41 | No effect | \O Other RCT reporting

Scale this instrument
Well-being (other outcome measures)
van Norden . . - - Not - Not oL
2021 Sleep Quality Continuous Not specified | Not Specified specified Not specified specified No quantitative results
Wang 2022 | S€ep Quality NRS | 0 i 16us 283 3.34+ 161 68 3+1.48 Noeffect | NO other RCT reporting

(1-6) this instrument
Mao 2020 | St Mary's Hospital | oo 29 45+7.4 29 4.0+0.0 Benefit No other RCT reporting

Sleep Questionnaire

this instrument
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Intervention

Control effect

Binary or Interventl_on effect+ SD (or Control . + SD (or oo Reason for exclusion
Study Instruments ) sample size sample size Findings .
Continuous number of number of from meta-analysis
(analyzed) 2 (analyzed) 2
events) events)
Well-being (other outcome measures)
Zi 2020 Zung'sSelfRating | ¢ i us 62 475+9.2 61 51.2+9.1 | Noeffect | O Other RCT reporting
Anxiety Scale this instrument
Zung's Depression | ¢ yiinyous 60 40.8+2.8 60 40.7£25 | Benefit No other RCT reporting
Scale Score this instrument
Wang 2022 . . -
StateTrat Anxiety | oo niinyous 60 42.9+2 60 436+16 | Noefect | NOOtherRCT reporting
Inventory this instrument
yu2023 | Beck Anxiety Continuous 156 12.6+7.2 154 140+59 | Benefi No other RCT reporting
Inventory this instrument
Life impact
Ran2021 | Activity of Daily Continuous 52 21.6+3.6 50 26.1+36 | Noeffect | NOOother RCT reporting
Living 14 items score this instrument
Chen 2022 | Barthel Index Continuous 80 333+7.4 80 6.67+11.11 | No effect E:Sf’é’”r;eed reduction fron
No other RCT reporting
Shan 2022 Barthel Index Continuous 56 26.67 + 3.7 55 28.33+3.7 No effect this instrument with
adequate data
Shariffuddin | Ability to return to ; ) No other RCT reporting
2018 daily activities Binary 35 24 35 19 Benefit thisinstrument
Health-related Quality of Life
Jain 2012 Quality of Life Score | Continuous 34 80.5+8.2 35 68.0£9.6 Benefit No other RCT reporting

this instrument
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Intervention

Control effect

Binary or Interventl_on effect+ SD (or Control . + SD (or oo Reason for exclusion
Study Instruments ) sample size sample size Findings .
Continuous (analyzed) number of (analyzed) number of from meta-analysis
y events)? y events)?
Health-related Quality of Life
\zlgglN orden EuroQot5D Continuous Not specified | Not Specified sz?eEcifie d Not specified | No effect No quantitative results
. . Values
(1) Li 2020 | World Health Values provided . . .
(2) Xing Organization Quality | Continuous 243 in multiple 234 FT{SI\QdI?a din No effect {\rl]?sc::]r;?:uFr{n(;treportlng
2023 of Life-brief version domains d P
omains

Acute pain Multidimensional
Andielkovic DN4 and Pain
20118 Detection Continuous 20 Not specified 19 Not specified | No effect No quantitative results

Questionnaire
Chronic Pain
vanNorden | Chronic Pain Intensity : o o Not o Not o
2021 (VRSINRS) Continuous Not specified | Not Specified specified Not specified specified No quantitative results
(1) Li 2022 .
(2)Zeng | SFMPQ-2 Continuous 128 1.0+22 124 1.7+22 Benefit Ny other RCTreporting
2023 this instrument

tWhether the effect was a statistically significant reduction or increase

2Intervention + SD for continuous outcomes. Number of events for binary outcomes




eTable 5. Characteristics of included randomized controlled trials

Study

Year

Country

Number of patients

Surgical characteristics

Anaesthaesia and

Analgesia

Age

Control

Dext

Surgery type

Mean
Pain
Intensity
in
Control?

Type of
General
Anaesthesia

Regional
analgesia

Con-
trol

Dext

Sex
(Yofe-
male)

Compar
ator

Intervention

Bolus
dose

(uglkg)

Intra -
operative
Infusion
dose
(ug/kg/h)

Duration
of
Infusion
(mins)®

Patient-
centred
outcome

Other
outcomes

Shu, T

2022

China

40

40

Endocrine

Low (<4)

Intravenous
anaesthetis

No

46.2

115

45.6

11.9

76

Placebo

0.5

0.5

- Quality of
Recovery
15

- Post
anaesthesia
care unit or
PACU

Length of
Stay (in mins)
- Bradycardia
requiring an
intervention

- Hypotension
requiring an
intervention

- Respiratory
failure

Sivaji,
P

2022

India

24

24

Obstetrie
gynecologic

Low (<4)

Anaesthetic
gases

No

46.6

5.2

45.8

55

100

Placebo

0.6

Duration
not
specified

- Quality of
Recovery
15

- None

Ge, D

2015

China

35

36

Gastre
intestinal

Moderate
/ High
(04)

Intravenous
anaesthetie

No

53.2

13

52.8

1.9

49

Placebo

NA

0.4

134

- Quality of
Recovery-
40

- Post
anaesthesia
care unit or
PACU

Length of
Stay (in mins)
- Respiratory
failure

Wang,

2022

China

69

287
(4 arms)

Vascular

Not
specified

Anaesthetic
gases

No

57.0

8.9

60.3

108

a7

Placebo

NA

0.4%

94

- Sleep
Quality

- Hospital
Length of
Stay (indays)
- Post
anaesthesia
care unit or
PACU

Length of
Stay (in mins)
- Bradycardia
requiring an
intervention

- Hypotension
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requiring an
intervention
Efe 36.4 | 36.4 - Quality of
Mercan | 2022 | Turkey 30 30 _Gastr_e Low (<4) Intravenom_Js No + + 55 Placebo | 1 0.5 90 Recovery - None
intestinal anaesthetie
oglu, E 8.1 7.8 15
- Hospital
. 43.3 | 435
Shan, 1 5022 | china | 57 57 Transplant | Low (<4) | Anaesthetic |\, + + 42 Placebo | NA 0.4 180" - Barthel | Length of
X gases Index Stay (in days)
109 | 10.7 .
- Mortality
LiH | 2021 | china | 37 38 Thoracic Low (<4) | Intravenous | o 08| P2 33 Placebo | 0.5 05 181 ;Dgir']‘ronic - None
' (non-cardiac) anaesthetie o - ' ' )
8.1 7.3 Incidences
. 55.3 - Quality of
Bekker United . Not Intravenous 57 %
A 2013 States 33 33 Spinal specified | anaesthetis No 11 iz . 33 Placebo | NA 0.5 211 Egcovery- - None
. 60.2 | 56.7
Chen, . Gastro Anaesthetic - Sleep
c 2016 | China 31 31 intestinal Low (<4) gases No i . ; . 52 Placebo | 1 0.3 178 Quality - None
. 58.0 | 56.0 - Quality of
Zhang, . Thoracic Not Intravenous
L 2019 | China 50 50 (non-cardiac) | specified | anaesthetis No + + 47 Placebo | 1 0.4 113 Recovery - None
12 11 15
-DN4and | _ Hospital
Andjel Gastre Intravenous 58.0 | 68.0 Pain LengtFr)1 of
kovic, 2018 | Slovenia | 20 19 intestinal Low (<4) anaesthetis No + + 51 Placebo | NA 0.5 115 Detection Stay (in days)
L 14.8 | 185 Questionnai S
re - Delirium

15t




Moderate ’ 53.9 | 57.3 - Quality of
fhe”g' 2020 | China ?ZOarms) 20 casto /'High A;‘:eess‘thet'c No + + 36 Opioid | 0.8 0.45 148 Recovery | - None
(04) |9 83 | 90 40
. ) 56.0 | 55.0 Duration | - Chronic
ﬁ'e"‘a’ 2018 | Ukraine | 30 30 E?:St:ﬁ]al Low (<4) A;‘:ee:thet'c No + + 89 Placebo | NA 05 not Pain - None
9 12.6 | 8.9 specified | Incidences
- Post
anaesthesia
care unit or
. . . - Quality of | PACU
g'm' 2013 | South | 59 50 otorhino 1 o (<gy | Anaesthetic | 33x 132 x| og Placebo | NA 0.4 77 Recovery | Length of
Y Korea laryngologic gases N/A N/A A
40 Stay (in mins)
- Bradycardia
requiring an
intervention
- Hospital
Length of
Stay (in days)
- Post
anaesthesia
care unit or
) i 52.0 | 53.0 - Quality of | PACU
g;:” 2013 ig;‘éz 46 46 m;sézg:gmy Low (<4) g;‘:ee:thet'c No + + 100 Placebo | 0.5 NA i’;']?usion Recovery | Length of
9.0 8.0 40 Stay (inmins)
- Bradycardia
requiring an
intervention
- Hypotension
requiring an
intervention
. ! 38.0 | 38.0 | Not - Quality of
(Z:eenl, 2019 | Lebanon | 30 30 &?:st:i(rzal Low (<4) ggsaéessthetlc No + + Specifi | Opioid 1 0.5 100 Recovery | - None
104 | 124 | ed 40
. 50.9 | 52.7 - Chronic
Han, C | 2019 | China | 40 40 Obstetrie | Not | Intravenous | + |+ |100 | Placebo | NA 05 85 Pain - None
gynecologic | specified | anaesthets )
7.0 8.4 Incidences

15¢€




- Quality of

. 40.4 | 42.2 Duration | Recovery:
Khand | 2014 | India 30 30 Castto MOl g | Anacsthetic | o £ |+ |80 Placebo | 0.25 0.6 not Clinical - None
12, P 9 11.1 | 121 specified | Recovery
Sore
- Post
anaesthesia
care unit or
PACU
. Length of
. 42.0 | 43.0 - Quality of L
Kim,J | 2010 | 204" | g5 84 Endocrine | (% oo | phos o | No £ |z |74 Placebo | 0.5 NA Niusion | Recovery | Sy (8 THES)
9.0 11.0 40 -
requiring an
intervention
- Hypotension
requiring an
intervention
- Quality of
. . Mastectomy/ Anaesthetic 5211508 Life SCé.lle
Jain, G | 2012 | India 43 43 lumpectomy Low (<4) gases No * + 100 Placebo | 1 0.5 1424 - Chronic - None
140 | 164 Pain
Incidences
- Hospital
Length of
Stay (in days)
- Mortality
- Bradycardia
. -SF12 requiring an
. . 62.0 | 63.0 Duration . . f
AN | 2020 | dMMed | 30 400 Cardiac MOl g | Anacsthetic | No £ |+ |30 Placebo | NA 0.2 ot Lohronic | Intervention
P 9 12.0 | 11.0 specifie ! PO
Incidences | requiring an
intervention
- Non-
fatal/fatal
cardiac arrest
- Delirium




. Moderate ) 39.0 Duration | - Quality of
ihe”f’ 2017 | Egypt 50 50 E?esst:i(;al / High A;\;aeessthetlc No igg + 81 Placebo | 1 0.4 not Recovery- - None
(04) |9 * 9.0 specified | 40
- Hospital
. Length of
- Quality of A
R(egcove);y: Stay (in days)
Surgical -Post
Recovery anaesth_?sm
care unit or
. Moderate 63.5 | 65.2 Score
Mao, Y | 2020 | China | 31 31 Thoracic | /pjgn | Intravenous £ |+ |19 Placebo | 0.5 0.3 168 -Sleep | AU
(non-cardiac) (64) anaesthetie 8.4 73 Qualit Length of
’ ' B SFSy Stay (in mins)
- Chronic | - 1Ime to
pain discharge
) ays
Incidences | * Mortality
- Delirium
Lee,s | 2016 | SOUth | 57 54 Thoracic Low (<4) | Anaesthetic | 62+ | 62+ | o Placebo | 1 NA No Rggc?\lllg o None
' Korea (noncardiac) gases 115 | 105 infusion 40 ¥
- Post
anaesthesia
. care unit or
. 52.6 - Quality of
B Obstetrie Intravenous 53+ PACU
Ge, D 2016 | China 35 35 gynecologic Low (<4) anaesthetis No il o 112 100 Placebo | NA 04 115 Egcovery- Length of
’ Stay (in mins)
- Respiratory
failure
- Post
anaesthesia
. care unit or
. } } 376 | 37.1 - Quality of
Jdiang, | 5019 | china | 30 30 Plastic& 1) (<a) | Anaesthetic |\, + + 32 Placebo | 0.5 NA No Recovery: | FACY
M reconstructive gases 111 | 12.2 infusion 40 Length of
' ' Stay (in mins)
- Respiratory
failure
- Sleep
ualit .
EDEuro}(/QoL- - Hospital
van Not 70.5 | 70.4 5D Length of
Nordon | 2021 | Germany | 33 30 Multiple . Both No + + 30 Placebo | NA 0.7 409 . Stay (in days)
specified - Chronic .
,J 6.2 7.1 Pain- - Mortality
VAS/NRS - Delirium
(0-100)

15€




Thoracic Intravenous 68.7 | 68.7 - Sleep
Shi,H | 2020 | China 53 53 . Low (<4) . Yes + + 0 Placebo | NA 0.5 180 - - None
(non-cardiac) anaesthetie 34 46 Quality
Tufano . . 43.0 | 45.0 - Quality of
gullari, | 2008 g”'ted 20 6o Gastro Low (<4) | Anaesthetic |, + + 76 Placebo | NA 0.47° 126 Recovery | - None
B tates (3arms) | intestinal gases 16 10.2 9
- Sleep
(1) Li, ) Quality - Hospital
C 2020 69.0 | 69.0 - World Length of
2) @) China 310 310 Multiple Low (<4) | Both No * + 60 Placebo | 0.6 0.5 156 Health Stay (in days)
Xing, 2023 6.4 6.6 Organizatio | - Mortality
M n Quality of | - Delirium
Life brief
Shariff Moderate Anaesthetic 46.3 | 392 No ;eAtt?:Irllt}t/c:O
uddin, | 2018 | Malaysia | 30 30 Urologic / High No + + 27 Placebo | 0.5 NA . . - None
- gases infusion usual
[ (04) 13.1 | 11.2 <
activity
- Hospital
Length of
Stay (in days)
- Mortality
- Bradycardia
requiring an
intervention
- Hypotension
requiring an
Moderate 67.5 | 66.4 - Slee intervention
Li, X 2017 | China 143 142 Cardiac / High Both No + + 31 Placebo | 0.6 04 17¢ I'tp - Tachycardia
(04) 53 |54 Quality requiring an
intervention
Hypertension
requiring an
intervention
- Non-
fatal/fatal
cardiac arrest
- Delirium




. -Zung?éd
66.2 | 64.6 Duration
zi,J | 2020 | china | 61 62 Cardiac Not | Intravenous |, + |+ |33 Placebo | NA 0.65 not Self Rated | _\5ne
specified | anaesthetie 6.3 8.2 specified Anxiety
. . pecifie
Scale
- Hospital
Liu T 2022 | chi 60 60 Oral L <4 Intravenous N 12'1 11'3 50 Placeb 0.5 0.4 160 - Sleep éiggt(?nocgays)
u, ina maxillofacial ow (<4) anaesthetis 0 g 9 g 7 acebo ' ) Quality - Respiratory
’ ' failure
- Delirium
. 39.7 | 40.3 - Quality of
. Otorhino Intravenous Usual No
Yu, P 2022 | China 32 32 laryngologic Low (<4) anaesthetis No ; X i 50 Care 0.5 NA infusion Recovery | - None
. .9 40
-Zungo
Self-Rated
Wang . . Not Intravenous 66.7 | 656 Depression
F ' | 2022 | China 63 62 Urologic specified | anaesthetis No + + 43 Placebo | NA 0.4 64 Scale - None
4.1 3.4 - StateTrait
Anxiety
Inventory
- Time to
) - Sleep discharge
Rekatsi | (1) Mod 498 | 45.2 S;‘gi%lo) (%ay? di
. oderate ’ . . - Bradycardia
na, M 2021 Greece 30 31 Obstetrie . / High Anaesthetic No + + 100 Placebo 0.6 0.6 112 - Chronic requiring an
(2) (2) gynecologic . gases ) . .
Rekatsi | 2022 (04) 101 | 7.2 Pain- intervention
na. M VAS/NRS - Hypqtensmn
’ (0-100) requiring an
intervention
- Activity - Hospital
. Moderate } 62.1 | 59.0 )
Ran,J | 2021 | China | 63 63 Thoracic | /op | Anaesthetic | + + 4 Placebo | 0.5 05 107 of Daily Length of
(noncardiac) A gases Living Stay (in days)
(04) 7.5 7.7 S .
core - Mortality
- Quality of | - Hospital
(2) Li, ) Recovery Length of
S 2022 Moderate 44.0 | 45.0 15 Stay (in days)
(2) @) China 130 130 Neurosurgery | / High Both Yes + + 48 Placebo | 0.6 0.4 240 - Sleep - Post
Zeng, 2023 (04) 141 | 12.6 Quality anaesthesia
M - SFMPQ2 | care unit or
- Chronic PACU

16C




Pain Length of
Intensity Stay (in mins)
- Chronic - Mortality
Pain - Delirium
Incidences
Sarava L 29.7 | 30.6 - Quality of
naperu | 2022 | India 33 33 Obstetrie . Low (<4) Intravenogs No + + 100 Opioid 1 NA _No . Recovery - None
mal. G gynecologic anaesthets 58 28 infusion 15
Thoracic Moderate Intravenous 60.7 | 572 - Quality of -L::r? Strk)litgfl
Ren, B | 2023 | China 33 33 . / High - No + + 50 Placebo | 0.5 0.5 175 Recovery- oy
(non-cardiac) : anaesthetie Stay (in days)
(04) 79 | 102 40 .
- Mortality
- Quality of
. 49.6 | 50.9 Recovery
Xu, S | 2023 | China 40 40 Obnsé‘égl'g o | Low(<4) 'a”r::e"s‘;?gt“; No + + 100 Placebo | 0.5 0.4 75 40 - None
oy 9 44 |51 - Sleep
Quality
. 46.3 | 41.7 - Quality of
Choi, J | 2021 ig;‘éz 45 45 ﬁf‘esst[ﬁ] al Low (<4) A;‘g::thet'c No + + 50 Placebo | 0.5 NA No Recovery | - None
9 11.0 | 11.0 infusion | 40
- Hospital
54.7 | 57.3 Length of
ghe”’ 2021 | Taiwan | 80 80 'S\'j“r; gloéciﬂe § g‘;;i";ﬁg:: Yes + + 61 Placebo | NA 05 234 I'n'fjaer;he' Stay (in days)
gery P 163 | 14.1 - Mortality
- Delirium
- Hospital
Length of
Stay (in days)
- Post
Thoracic 69.6 | 70.0 - Quality of | anaesthesia
Hou, Y | 2023 | China 38 42 (non-cardiac) Low (<4) | Both No + + 51 Placebo | 0.5 0.5 101 Recovery- | care unit or
5.0 5.4 40 PACU
Length of
Stay (in mins)
- Bradycardia
requiring an

161




intervention
- Hypotension

requiring an
intervention
Hypertension
requiring an
intervention
- Respiratory
failure
- Sleep
39.2 | 41.2 Quality
Yu, Y 2023 | China 175 175 Trauma Low (<4) :g;@gﬁgyg No + + 42 Placebo | NA 0.1 95¢ - Beck - None
104 | 10.0 Anxiety
Inventory

!Dex = Dexmedetomidine
2Pain recorded at 2dours was prioritized

3When duration of infusion was not specified, mean duration of surgery was substituted as appropriate

2Dose of dexmedetomidine administered could be adjusted by the physician or was sadaldlng to surgery duration (within same arsg) average doses were calculated

Dose of dexmedetomidine administered varied across different soraserage doses were calculated
°Dose of dexmedetomidine administered was reported as a median and IQR
4The infusion was continued after surgédyration reported exclude postoperative duration)
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eTable 6. Risk of bias evaluation for quality of recovery assessment

Randomization

Deviations from

Missing outcome

Measurement of the

Selection of the

Study 1D process ?ntended_ data outcome reported result Overall Bias
interventions

Shu 2022 Low Low Low Low Low Low

Sivaji 2022 Low Low Low Low Low Low

Ge 2015 Some concerns Low Some concerns Low Some concerns Some concerns
Efe Mercanoglu 2022 | Some concerns Some concerns Low Low Some concerns Some concerns
Bekker 2013 Low Some concerns Some concerns Low Some concerns Some concerns
Zhang 2019 Some concerns Some concerns Low Some concerns Some concerns Some concerns
Zheng2020 Some concerns Low Some concerns Low Some concerns Some concerns
Kim 2013 Low Low Low Low Some concerns Some concerns
Kim 2013 Low Low Low Low Low Low

Zeeni 2019 Low Low Low Low Low Low

Khanduja 2014 Some concerns Some concerns Low Someconcerns Some concerns Some concerns
Kim 2019 Low Some concerns Some concerns Low Low Some concerns
Sherif 2017 Low Low Low Low High High

Mao 2020 Low Some concerns Some concerns Low Some concerns Some concerns
Lee 2016 Low Low Low Low Low Low

Ge2016 Low Low High Low Some concerns High

Jiang 2019 Low Low Low Low Low Low
Tufanogullari 2008 Low Low Low Low Some concerns Some concerns
Yu 2022 Low Low Low Low Some concerns Some concerns
gg ;Iei(g);222023 Low Low Low Low Low Low
Saravanaperumal 202 Some concerns Low Some concerns Low Some concerns Some concerns
Ren 2023 Low Low Low Low Low Low

Xu 2023 Low Low Low Low Low Low

Choi 2021 Low Low Low Low Low Low

Hou 2023 Low Some concerns Low Low Some concerns Someconcerns




eTable 7. Risk of bias evaluation for other patienrtentred outcomes assessment

Randomization

Deviations from

Missing outcome

Measurement of the

Selection of the

Study 1D process :Eip\?een(iions data outcome reported result Overall Bias
Wang 2022 Low Low Low Low Some concerns Some concerns
Shan 2022 Low Low Low Low Some concerns Some concerns
Li 2021 Some concerns Low Low Low Some concerns Some concerns
Chen 2016 High Low Low Some concerns Low High
Andjelkovic 2018 Low Low Low Low Low Low

Bielka 2018 Low Low Low Low Low Low

Han 2019 Some concerns Some concerns Some concerns Low Some concerns Some concerns
Jain 2012 Low Low Some concerns Low Some concerns Some concerns
Turan 2020 Low Low High Low Someconcerns High

Mao 2020 Low Some concerns Some concerns Low Low Some concerns
Shi 2020 Low Low Low Low Some concerns Some concerns
g; I)_<Iir?§22%23 Low Low Low Low Low Low
Shariffuddin 2018 Low Low Low Low Some concerns Some concerns
Li 2017 Low Low Some concerns Low Low Some concerns
Zi 2020 Low Low Low Low Low Low

Liu 2022 Low Low Low Low Some concerns Some concerns
Wang 2022 Low Low Low Low Low Low

(1) Rekatsina 2021

(2) Rekatsina 2022 Low Some concerns Some concerns Low Someconcerns Some concerns
Ran 2021 Some concerns Some concerns High Low Some concerns High

8 ;;31%222023 Low Low Low Low Some concerns Some concerns
Xu 2023 Low Low Low Low Some concerns Some concerns
Chen 2021 Low Low Low Low Someconcerns Some concerns
Yu 2023 Low Low Some concerns Low Some concerns Some concerns
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eTable 8. Risk of bias evaluation for adverse events and lengths of stay assessment

Randomization

Deviations from

Missing outcome

Measurement of the

Selection of the

Study 1D process ?ntended_ data outcome reported result Overall Bias
interventions

Shu 2022 Low Low Low Low Some concerns Some concerns
Sivaji 2022 Low Low Low Low Some concerns Some concerns
Ge 2015 Some concerns Low Some concerns Low Some concerns Some concerns
Wang 2022 Low Low Low Low Some concerns Some concerns
Efe Mercanoglu 2022 | Some concerns Some concerns Low Low Some concerns Some concerns
Shan 2022 Low Low Low Low Low Low

Bekker 2013 Low Some concerns Some concerns Low Some concerns Some concerns
Chen 2016 High Low Low Low Low High

Zhang 2019 Some concerns Some concerns Low Low Some concerns Some concerns
Andjelkovic 2018 Low Low Low Low Low Low

Bielka 2018 Low Low Low Low Some concerns Some concerns
Kim 2013 Low Low Low Low Some concerns Some concerns
Kim 2013 Low Low Low Low Some concerns Some concerns
Kim 2019 Low Some concerns Some concerns Low Some concerns Some concerns
Turan 2020 Low Low Low Low Some concerns Some concerns
Sherif 2017 Low Low Low Low Some concerns Some concerns
Mao 2020 Low Some concerns Some concerns Low Some concerns Some concerns
Lee 2016 Low Low Low Low Some concerns Some concerns
Ge 2016 Low Low High Low Some concerns High

Jiang 2019 Low Low Low Low Some concerns Someconcerns
van Norden 2021 Low Low Low Low Some concerns Some concerns
Shi 2020 Low Low Low Low Some concerns Some concerns
Tufanogullari 2008 Low Low Low Low Some concerns Some concerns
gg I)_(Iirfg?22%23 Low Low Low Low Low Low

Li 2017 Low Low Some concerns Low Low Some concerns
Zi 2020 Low Low Low Low Some concerns Some concerns
Liu 2022 Low Low Low Low Low Low

Yu 2022 Low Low Low Low Some concerns Some concerns

165




Randomization

Deviations from

Missing

Measurement

Selection of the

Study ID process :zigrfeen(iions outcome data of the outcome reported result Overall Bias
Wang 2022 Low Low Low Low Some concerns Some concerns
(1) Rekatsina 2021 . .

(2) Rekatsina 2022 Low High Low Low Some concerns High

Ran 2021 Some concerns Some concerns High Low Some concerns High

Li 2022

Zeng 2023 Low Low Low Low Low Low

Ren 2023 Low Low Low Low Low Low

Xu 2023 Low Low Low Low Low Low

Chen 2021 Low Low Low Low Some concerns Some concerns
Hou 2023 Low Someconcerns Low Low Some concerns Some concerns
Yu 2023 Low Low Some concerns Low High High
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eTable 9. Sensitivity analyses to compare the impact of priors on effect estimate

Outcome measure Effect estimate
Weak prior | Non-
informative prior

Quiality of recovery 0.83 0.86
Health related quality 0.05 0.07
of life

Chronic pain 0.42 0.34
Mortality 0.70 0.65
Delirium 0.62 0.59
Respiratory failure 1.14 1.02
Hypotension 1.98 1.99
Bradycardia 1.74 1.81
Hypertension 0.81 0.65
Tachycardia 0.80 0.71
Sleep NRS -0.61 -0.66
PACU length of stay 0.69 0.81
Hospital length of stay -0.18 -0.18
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eFigure 1. Summary of the risk of bias assessments of included randomized controlled trials for
quality of recovery assessment

Overall Bias [ |
|

Selection of the reported result I

Measurement of the outcome I |

Mising outcome data [ |

Deviations from intended interventions I |

Randomization process | |

0 20 40 60 80 100

OLow risk @Some concerns mHigh risk
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eFigure 2. Summary of the risk of bias assessments of included randomized controlled trials for
other patient-centred outcomes assessment

Overall Bias | ]

Selection of the reported result |

Measurement of the outcome [ ]

Mising outcome data |

Deviations from intended interventions I |

Randomization process [ ||

0 20 40 60 80 100

OLow risk ©OSome concerns mHigh risk

eFigure 3. Summary of the risk of bias assessments of included randomized controlled trials for
other outcomes (adverse events and lengths of stay)
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eFigure 4. Funnel plot for Quality of Recovery
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Standard Error
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eFigure 5. Funnel plot for postanesthesia care unit length of stay

9.318 0

Standard Error
18.637

37.273 27.955

Observed Outcome
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eFigure 6. Funnel plot for hospital length of stay

Standard Error
2.321 1.161 0

3.482

4.643

Observed Outcome
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eFigure 7. Funnel plot for mortality

1.009 0.505 0

Standard Error

1.514

2.018

Observed Outcome
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eFigure 8. Funnel plot for delirium

0.415 0

Standard Error
0.8

1.245

1.66

Observed Outcome
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Appendix 1. Search strategy

MEDLINE/Ovid

1 expSurgical Procedures, Operative/
2 su.fs. or (surger* or surgical*).tw,kf.
3 (curettage or debridement or electrosurger* or fasciotom* or Keratectom* or laparotom*

or lymph node excision or mastectom* or metastasectom* or microsurger* or myotom®*
or neurosurgical procedure* or orthopedic procedure* or amputation or Osteotom* or
pdvic exenteration or pneumonectom* or prosthesis implantation or reoperation or
splenectom* or symphysiotom* or transplantation).tw,kf.

4 or/1-3

5 ((opioid* or opiate*) adj3 (sparing or minimi?ation or free)).tw,kf.

6 (multimodal adj5 (an?esthes* or analges*)).tw,kf.

7 50r6

8 analgesics/ or exp analgesics, fr@rcotic/

9 exp Adrenergic alph@ Receptor Agonists/

10 Caffeine/

11 exp antiinflammatory agents/

12 exp Adrenal Cortex Hormones/

13 exp Cyclooxygenase 2 Inhibitors/

14 exp Adrenergic betAntagonists/

15 Receptors, NMethyl-D-Aspartate/ai [Antagonists & Inhibitors]

16 magnesium compounds/ or magnesium sulfate/

17 exp Anticonvulsants/

18 (Lidocaine or Alpha2 Receptor Agonist* or Caffeine or Corticosteroid* or Beta block*
or NMDA receptor antagonist* or Magnesium or Acetaminophen or NSAID* or-Anti
convulsant* or anticonvulsant* or Antidepressant* or gabapentinoid* e2cox
inhibitor*).tw,kf.

19 Dexmedetomidine/ or lidocaine/ or ketamine/ or Propanolamines/ or Clonidine/

20 (Pregabalin or Gabapentin or Carbamazepine or Carbazepin or Esmolol or
Propanolamine* or Metoprolol or Labetolol or Clonidine or Dexmedetomidine or
Catapressan or Caffeine or Ketamine or Dextromethorphan or Dexamethasone or
Methylprednisolone or hydrodison* or Prednisone or magnesium or Amitriptyline or
Duloxetine or Tryptophan or Bicifadine or Desipramine or fluoxetine or Venlafaxine or
Citalopram).ti.

21 or/8-20

22 perioperative period/ or intraoperative period/ or exp Administration, Intravenous/ or
Combined Modality Therapy/

23 (perioperat* or peri operat* or intra operat* or intraoperat*).tw,kf.

24 (an?esthes* adj2 induction).tw,kf.

25 or/22-24
26 21 and 25
27 7 or 26
28 4 and 27

29 randomized controlled trial.pt.
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30
31
32
33
34
35
36
37
38
39

controlled clinical trial.pt.
random®*.tw.

placebo.ab.

clinical trials as topic.sh.
trial.ti.

or/29-34

exp animals/ not humans/
35 not 36

28 and 37

38 use medall
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Search strategy for Embase

40 exp *surgery/

41 (surg* or surgical*).tw.

42 (curettage or debridement or electrosurger* or fasciotom* or Keratectom* or laparotom*
or lymph node excision or mastectom* or metastasectom* or microsurger* or myotom*
or neurosurgical procedure* or orthopedic procedure* or amputation or Osteotom* or
pelvic exenteration or pneumonectom* or prosthesis implantation or reoperation or
splenectom* or symphysiotom* or transplantation).tw.

43 40 or 41 or 42

44 ((opioid* or opiate*) adj3 (sparing or minimi?ation or free)).tw.

45 (multimodal adj5 (an?esthes* or analges*)).tw.

46 44 or 45

a7 exp *analgesic agent/

48 exp *alpha 2 adrenergic receptor stimulating agent/

49 *caffeine/

50 exp *antiinflammatory agent/

51 exp *corticosteroid/

52 exp *cyclooxygenase 2 inhibitor/

53 exp *beta adrenergic receptor blocking agent/

54 exp *n methyl dextro aspartic acid receptor stimulating agent/

55 *magnesium/

56 *magnesium sulfate/

57 exp *anticonvulsive agent/

58 (Lidocaine orAlpha-2 Receptor Agonist* or Caffeine or Corticosteroid* or Beta block*
or NMDA receptor antagonist* or Magnesium or Acetaminophen or NSAID* or-Anti
convulsant* or anticonvulsant* or Antidepressant* or gabapentinoid* o2cox
inhibitor*).tw.

59 *dexmedetomidine/

60 *lidocaine/

61 *ketamine/

62 *propanolamine derivative/

63 *clonidine/

64 (Pregabalin or Gabapentin or Carbamazepine or Carbazepin or Esmolol or
Propanolamine* or Metoprolol or Labetolol or Clonidine or Dexmedetomidine or
Catapressan or Caffeine or Ketamine or Dextromethorphan or Dexamethasone or
Methylprednisolone or hydrodison* or Prednisone or magnesium or Amitriptyline or
Duloxetine or Tryptophan or Bicifadine or Desipramine or fluoxetine or Venlafaxine or
Citalopram).ti.

65 or/47-64

66 *perioperative period/

67 intraoperative period/

68 (perioperat* or peri operat* or intra operat* or intraoperat*).tw.

69 anesthesia induction/

70 *intravenous drug administration/

71 (an?esthes* adj1 induction).tw.
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72
73
74
75
76
77
78
79
80

or/66-71
65 and 72
46 or 73
43 and 74

random*.tw. or placebo*.mp. or doublind*.tw. or trial.ti.

75 and 76

(exp animal/ or nonhuman/) not exp human/

77 not 78
79 use emczd
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Search strategy forCENTRAL

81 exp SurgicaProcedures, Operative/

82 su.fs. or (surger* or surgical*).tw,kw.

83 (curettage or debridement or electrosurger* or fasciotom* or Keratectom* or laparotom*
or lymph node excision or mastectom* or metastasectom* or microsurger* or myotom*
or neurosurgical procedure* or orthopedic procedure* or amputation or Osteotom* or
pelvic exenteration or pneumonectom* or prosthesis implantation or reoperation or
splenectom* or symphysiotom* or transplantation).tw,kw.

84 or/81-83

85 ((opioid* or opiate*) adj3 (sparing or minimi?ation or free)).tw,kw.

86 (multimodal adj5 (an?esthes* or analges*)).tw,kw.

87 85 or 86

88 analgesics/ or exp analgesics, fr@rcotic/

89 exp Adrenergic alph& Receptor Agonists/

90 Caffeine/

91 exp antiinflammatory agents/

92 exp Adrenal Cortex Hormones/

93 exp Cyclooxygenase 2 Inhibitors/

94 exp Adrenergic betAntagonists/

95 Receptors, NMethyl-D-Aspartate/ai [Antagonists & Inhibitors]

96 magnesium compounds/ or magnesium sulfate/

97 exp Anticonvulsants/

98 (Lidocaine or Alpha2 Receptor Agonist* or Caffeine or Corticosteroid* or Beta block*
or NMDA receptor antagonist* or Magnesium or Acetaminophen or NSAID* orAnti
convulsant* or anticonvulsant* or Antidepressant* or gabapentinoid* c2cox
inhibitor*).tw,kw.

99 Dexmedetomidine/ or lidocaine/ or ketamine/ or Propanolamines/ or Clonidine/

100 (Pregabalin or Gabapentin or Carbamazepine or Carbazepin or Esmolol or
Propanolamine* or Metoprolol or Labetolol or Clonidine or Dexmedetomidine or
Catapressan or Caffeine or Ketamine or Dextromethorphan or Dexamethasone or
Methylprednisolone or hydroctison* or Prednisone or magnesium or Amitriptyline or
Duloxetine or Tryptophan or Bicifadine or Desipramine or fluoxetine or Venlafaxine or
Citalopram).ti.

101 0or/88100

102 perioperative period/ or intraoperative period/ or exp Administration, Intravenous/ or
Combined Modality Therapy/

103 (perioperat* or peri operat* or intra operat* or intraoperat*).tw,kw.

104 (an?esthes* adj2 induction).tw,kw.

105 0r/102104

106 101 and 105

107 87 or 106

108 84 and 107

109 108 use cctr

110 39 o0r80or 109

180



Search strategy forWeb of science

1. (TS=(surg*)) OR TS=(( curettage or debridement or electrosurger* or fasciotom* or
Keratectom* or laparotom* or lymph node excision or mastectom* or metastasectom* or
microsurger* or myotom* or neurosurgical procedure* or orthopedic procedure* or afnputat

or Osteotom* or pelvic exenteration or pneumonectom* or prosthesis implantation or reoperation
or splenectom* or symphysiotom* or transplantation ))

2. TS=(((opioid* or opiate*) NEAR/3 (sparing or minimi?ation or free)))

3. (TS=(multimodal NEAR/5 (an$esthes* or analges*)))

4. (#2) OR #3

5. (TS=(nonnarcotic analges* )) OR TS=(non narcotic analges*)

6. TS=((Pregabalin or Gabapentin or Carbamazepine or Carbazepin or Esmolol or
Propanolamine* or Metoprolol or Labetolol or Clonidine or Dexmedetomidine or Catapressan or
Caffeine or Ketamine or Dextromethorphan or Dexamethasone or Methylprednisolone or
hydrocortison* or Prednisone or magnesium or Amitriptyline or Duloxetine or Tryptophan or
Bicifadine or Desipramine or fluoxetine or Venlafaxine or Citalopram))

7. (TS=(Nonsteroid* antinflammatory)) OR TS=(Nonsteroid* antiinflammatory)

8. TS=((Lidocaine or Alph& Receptor Agonist* or Caffeine or Corticosteroid* or Beta block*

or NMDA receptor antagonist* or Magnesium or Acetaminophen or NSAID* orAnti

convulsant* or anticonvulsant* or Antidepressant* or gabapentinoid* o2dakibitor*))

9. ((#5) OR #6) OR #7) OR #8

10. TS=(intravenous) OR TS=(an$esthes* NEAR/2 induction)

11. ALL=(perioperat* or peri operat* or intra operat* or intraoperat*)

12. (#10) OR #11

13. (#9) AND #12

14. (#13) OR #4

15. (#1) AND #14

16. TS=((randomised OR randomized OR randomisation OR randomisation OR placebo* OR
(random* AND (allocat* OR assign*) ) OR (blind* AND (single OR double OR treble OR

triple) )) )

17. TS=((animal or animals or pisces or fish or fishes or catfish or catfishes or sheatfish or
silurus or arius or heteropneustes or clarias or gariepinus or fathead minnow or fathead minnows
or pimephales or promelas or cichlidae or trout or trouts @r @hchars or salvelinus or salmo

or oncorhynchus or guppy or guppies or millionfish or poecilia or goldfish or goldfishes or
carassius or auratus or mullet or mullets or mugil or curema or shark or sharks or cod or cods or
gadus or morhua or carp or cauqr cyprinus or carpio or killifish or eel or eels or anguilla or
zander or sander or lucioperca or stizostedion or turbot or turbots or psetta or flatfish or flatfishes
or plaice or pleuronectes or platessa or tilapia or tilapias or oreochromis oesadtothor

common sole or dover sole or solea or zebrafish or zebrafishes or danio or rerio or seabass or
dicentrarchus or labrax or morone or lamprey or lampreys or petromyzon or pumpkinseed or
pumpkinseeds or lepomis or gibbosus or herring or clupearendpas or amphibia or amphibian

or amphibians or anura or salientia or frog or frogs or rana or toad or toads or bufo or xenopus or
laevis or bombina or epidalea or calamita or salamander or salamanders or newt or newts or
triturus or reptilia or reptileroreptiles or bearded dragon or pogona or vitticeps or iguana or
iguanas or lizard or lizards or anguis fragilis or turtle or turtles or snakes or snake or aves or bird
or birds or quail or quails or coturnix or bobwhite or colinus or virginianus or garifooultries
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or fowl or fowls or chicken or chickens or gallus or zebra finch or taeniopygia or guttata or
canary or canaries or serinus or canaria or parakeet or parakeets or grasskeet or parrot or parrots
or psittacine or psittacines or shelduck or tadorna or gaogeese or branta or leucopsis or
woodlark or lullula or flycatcher or ficedula or hypoleuca or dove or doves or geopelia or
cuneata or duck or ducks or greylag or graylag or anser or harrier or circus pygargus or red knot
or great knot or calidris or catus or godwit or limosa or lapponica or meleagris or gallopavo or
jackdaw or corvus or monedula or ruff or philomachus or pugnax or lapwing or peewit or plover
or vanellus or swan or cygnus or columbianus or bewickii or gull or chroicocephalus or
ridibunduws or albifrons or great tit or parus or aythya or fuligula or streptopelia or risoria or
spoonbill or platalea or leucorodia or blackbird or turdus or merula or blue tit or cyanistes or
pigeon or pigeons or columba or pintail or anas or starling or storrawl or athene noctua or
pochard or ferina or cockatiel or nymphicus or hollandicus or skylark or alauda or tern or sterna
or teal or crecca or oystercatcher or haematopus or ostralegus or shrew or shrews or sorex or
araneus or crocidura or russula ara@ean mole or talpa or chiroptera or bat or bats or eptesicus
or serotinus or myotis or dasycneme or daubentonii or pipistrelle or pipistrellus or cat or cats or
felis or catus or feline or dog or dogs or canis or canine or canines or otter or dtiées @r

badger or badgers or meles or fitchew or fitch or foumart or foulmart or ferrets or ferret or
polecat or polecats or mustela or putorius or weasel or weasels or fox or foxes or vulpes or
common seal or phoca or vitulina or grey seal or halichaartsrse or horses or equus or

equine or equidae or donkey or donkeys or mule or mules or pig or pigs or swine or swines or
hog or hogs or boar or boars or porcine or piglet or piglets or sus or scrofa or llama or llamas or
lama or glama or deer or deenscervus or elaphus or cow or cows or bos taurus or bos indicus
or bovine or bull or bulls or cattle or bison or bisons or sheep or sheeps or ovis aries or ovine or
lamb or lambs or mouflon or mouflons or goat or goats or capra or caprine or chamois or
rupicapra or leporidae or lagomorpha or lagomorph or rabbit or rabbits or oryctolagus or
cuniculus or laprine or hares or lepus or rodentia or rodent or rodents or murinae or mouse or
mice or mus or musculus or murine or woodmouse or apodemus or rat@rnatss or

norvegicus or guinea pig or guinea pigs or cavia or porcellus or hamster or hamsters or
mesocricetus or cricetulus or cricetus or gerbil or gerbils or jird or jirds or meriones or
unguiculatus or jerboa or jerboas or jaculus or chinchilldhorcbillas or beaver or beavers or
castor fiber or castor canadensis or sciuridae or squirrel or squirrels or sciurus or chipmunk or
chipmunks or marmot or marmots or marmota or suslik or susliks or spermophilus or cynomys
or cottonrat or cottonrats or sigpdon or vole or voles or microtus or myodes or glareolus or
primate or primates or prosimian or prosimians or lemur or lemurs or lemuridae or loris or bush
baby or bush babies or bushbaby or bushbabies or galago or galagos or anthropoidea or
anthropoids psimian or simians or monkey or monkeys or marmoset or marmosets or callithrix
or cebuella or tamarin or tamarins or saguinus or leontopithecus or squirrel monkey or squirrel
monkeys or saimiri or night monkey or night monkeys or owl monkey or owl momkeys
douroucoulis or aotus or spider monkey or spider monkeys or ateles or baboon or baboons or
papio or rhesus monkey or macaque or macaca or mulatta or cynomolgus or fascicularis or green
monkey or green monkeys or chlorocebus or vervet or vervets aryiyges or hominoidea or

ape or apes or hylobatidae or gibbon or gibbons or siamang or siamangs or nomascus or
symphalangus or hominidae or orangutan or orangutans or pongo or chimpanzee or chimpanzees
or pan troglodytes or bonobo or bonobos or pan pasigcgorilla or gorillas or troglodytes))

18. (#16) NOT #17

19. (#15) AND #18
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Search strategy forCINAHL

S1
S2

S3
S4
S5
S6
S7
S8
S9

S10
S11
S12
S13
S14
S15
S16
S17
S18
S19
S20

(MH "Surgical Patients")
(MH "Surgery, Operative+")

TI ( (curettage or debridement or electrosurger* or fasciotom* or Keratectom* or
laparotom* or lymph node excision or mastectom* or metastasectom* or microsurge
myotom* or neurosurgical procedure* or orthopedic procedure* or amputation or
Osteotom* ompelvic exenteration or pneumonectom* or prosthesis implantation or
reoperation or splenectom* or symphysiotom* or transplantation) ) OR AB ( (curetta
debridement or electrosurger* or fasciotom* or Keratectom* or laparotom* or lymph
excision or nastectom* or metastasectom* or microsurger* or myotom* or neurosurg
procedure* or orthopedic procedure* or amputation or Osteotom* or pelvic exentera
pneumonectom* or prosthesis implantation or reoperation or splenectom* or
symphysiotom* or trasplantation) )

Tl surger* OR AB surger* OR Tl surgical* OR AB surgical*
S1 OR S2 OR S3 OR S4

opioid* N3 sparing OR opioid* N3 minimi* OR opioid* N3 free
opiate* N3 sparing ORpiate* N3 minimi* OR opiate* N3 free
multimodal N5 an*esthes OR multimodal N5 analges*

S6 OR S7 OR S8

(MH "Analgesics") OR (MH "Analgesics, Nonnarcotic+") OR (MH "Anesthesia
Adjuvants+")

(MH "Adrenergic BetaAgonists+")
(MH "Caffeine")

(MH "Antiinflammatory Agents+")
(MH "Adrenal Cortex Hormones+")
(MH "Adrenergic BetaAntagonists+")
(MH "Magnesium Compounds+")
(MH "Anticonvulsants+")

(MH "Lidocaine")

(MH "Ketamine")

"Dexmedetomidine"
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S21
S22

S23

S24

S25
S26
S27
S28

S29
S30
S31
S32
S33
S34
S35

S36
S37
S38

(MH "Propanolamines™)
(MH "Clonidine™)

TI ( (Lidocaine or Alpha2 Receptor Agonist* or Caffeine or Corticosteroid* or Beta
block* or NMDA receptor antagonist* or-Methyl-D-aspartate receptor antagonist* or
Magnesium or Acetaminophen or NSAID* or Atonvulsant* or anticonvulsant* or
Antidepressant* or gabapentinoid* or e@xnhibitor* or Nonsteroidal aninflammator*)

) OR AB ( (Lidocaine or Alph& Receptor Agonist* or Caffeine or Corticosteroid* or
Betablock* or NMDA receptor antagonist* ordNMethyl-D-aspartate receptor antagonis
or Magnesium or Acetaminophen or NSAID* or Aabnvulsant* or anticonvulsant* or
Antidepressant* or gabapentinoid* or e@xnhibitor* or Nonsteroidal aninflammator*)

)

Tl (Pregabalin or Gabapentin or Carbamazepine or Carbazepin or Esmolol or
Propanolamine* or Metoprolol or Labetolol or Clonidine or Dexmedetomidine or
Catapressan or Caffeine or Ketamine or Dextromethorphan or Dexamethasone or
Methylprednisolone or hydrocdison* or Prednisone or magnesium or Amitriptyline or
Duloxetine or Tryptophan or Bicifadine or Desipramine or fluoxetine or Venlafaxine (
Citalopram)

S10 OR S11 OR S12 OR S13 OR S14 OR S15 OR S16 OR S17 OR S18 OR S19(
OR S21 OR S22 OR S23 OR S24

(MH "Intraoperative Period")
(MH "Administration, Intravenous")
(MH "Combined Modality Therapy")

TI ( (perioperat* or peri operat* or intra operat* or intraoperat*) ) OR AB ( (periopera
peri operat* or intra operat* antraoperat*) )

Tl an*esthes* N2 induction OR AB an?esthes* N2 induction
(MH "Anesthesia Induction™)

S26 OR S27 OR S28 OR S29 OR S30 OR S31

S25 AND S32

S9 OR S33

S5 AND S34

(MH "Randomized Controlled Trials+") OR (MHDouble-Blind Studies") OR (MH
"Triple-Blind Studies") OR (MH "Clinical Trials")

Tl random* OR AB random* OR TI placebo OR AB placebo OR TI trial
(control W5 group)
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S39
S40
S41
S42
S43
S44
S45
S46
S47
S48
S49

(MH "Random Assignment")
S36 OR S37 OR S38 OR S39
S35 AND S40

(MH "Animals+")

(MH "Animal Studies")

TI animal model*

S42 OR S43 OR S44

(MH "Human")

S45 NOT S46

S41 NOT S47

S41 NOT S47
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Appendix 2. Model specifications

yi ~ Normal(6;,c?) (Likelihood)

6; ~ Normal(u, %)

1= Bo + Bsubgroup(t] (for subgroup analysis)
1 ~ Normal(0, 1) (Weakly informative prior)

7 ~ Half-Cauchy(0,0.5)

u ~ Students t(3, 0, 2.5) (Non-informative prior)
7 ~ Half-t(3,0,2.5)

B ~ Flat Prior (Subgroup prior)

Formula for continuous outcomes:SMDcohen | se(seSMD) ~ 1 + (1 | Study)
Formula for dichotomous outcomes= LnES| se(seTE) ~ 1 + (1 | Study)

Formula for outcomes on their original scale Effect_size| se(seES) ~ 1 + (1 | Study)

Formulas for univariable meta-regression:
Risk of bias = SMDcohen | se(seSMD) ~ 1 + RoB + (1 | Study)

Type of surgery (at risk high risk of pain vs. not) = SMDcohen | se(seSMD) ~ 1 + high_risk + (1
| Study)

Type of administration (bolus vs. bolus and infusion) = SMDcohen | se(seSMD) ~ 1 +
administration + (1 | Study)

Pain intensity in control group = SMDcohen | se(seSMD) ~ 1 + Apain_control + (1 | Study)
Type of population (geriatric population vs. not) = SMDcohen | se(seSMD) ~ 1 + only_geriatric+
(1 | Study)

Type of funding= SMDcohen | se(seSMD) ~ 1 + funding + (1 | Study)

Timing of administration = SMDcohen | se(seSMD) ~ 1 + timing_intervention + (1 | Study)
Bolus dose = SMDcohen | se(seSMD) ~ 1 + bolus_dose_c_numeric + (1 | Study)

Infusion dose = SMDcohen | se(seSMD) ~ 1 + infusion_dose_c_numeric + (1 | Study)

Duration of infusion = SMDcohen | se(seSMD) ~ 1 + total_duration + (1 | Study)

Patient with chronic opioid use = SMDcohen | se(seSMD) ~ 1 + chronic_opioid_use + (1 |
Study)

Patient with baseline chronic pain = SMDcohen | se(seSMD) ~ 1 + chronic_pain + (1 | Study)
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Appendix 3. Forest plots for all outcome measures

Study Effect measure [95%Crl]
Sivaji P 2022 — 3.31(2.49, 4.12)
Jiang M 2019 S 3.29 [2.6, 3.97]

XuS 2023 - . 3.04 [2.49, 3.61]

ShuT 2022 1.19[0.74, 1.64]

Ren B 2023 1.16 [0.68, 1.65]

Yu P 2022 1.13[0.64, 1.61]

Zheng L 2020 1.02 [0.47, 1.57]

.
el
Zhang L 2019 A 0.88 [0.49, 1.28]
Kim SH 2013 A 0.69 [0.27, 1.1]

0.61[0.11, 1.1]

Saravanaperumal G 2022

LiS (1) 2023 (2) Zeng M 2023 0.52 [0.28, 0.76)

Lee S 2016 0.5[0.1, 0.87]
Kim SY 2013 — 0.43 [0.04, 0.81]
ChoiJ 2021 0.29 [-0.12,0.7)
GeD 2015 0.26 [-0.2, 0.73]
Tufanoguliari 8 2008 0.26 [-0.24, 0.75)
KimJ 2019 0.11[-0.2, 0.43]
GeD 2016 0.11 [-0.39, 0.57]
Bekker A 2013 0.09 [-0.43, 0.61]
Hou Y 2023 -0.26 [-0.71, 0.18]
Zeeni C 2019 -0.32 [-0.84, 0.19]
Pooled Efect | i, 0.830.33, 1.3]
0 2 4 6

Standardized Mean Difference

Forest plot for Quality of Recovery outcome measure (Standardized mean difference)

Black vertical line indicates null value (standardized mean difference = 0), grey dashed vertical
line indicates the threshold for minimally important difference. A value above zero (right
direction) favors dexmedetomidine. A value below zero (left dwagtiavors control.
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Study Effect measure [95%Crl]

ShuT 2022 el ;061 145

Ren B 2023 A—— 0.98 [0.54, 1.44]

YuP 2022 . 0.95[0.5. 1.42]

Zheng L 2020 ——-—A——— 0.84[0.36, 1.35]

Zhang L 2019 —A 0.8[0.43,1.17]

Kim SH 2013 —A 0.64 [0.26, 1.02]
Saravanaperumal G 2022 ,__A_ 0.56[0.13, 1]
LiS (1) 2023 (2) Zeng M 2023 A 0.51[0.28, 0.74]

Lee S 2016 0.49[0.13, 0.84]
Kim SY 2013 0.42 [0.06, 0.78]
ChoiJ 2021 0.3 [-0.07, 0.67]

Tufanogullari B 2008

0.29 [-0.15, 0.72]

GeD 2015 0.29 [-0.14, 0.71]
GeD 2016 0.18 [-0.26, 0.6]
Bekker A 2013 0.16 [-0.31, 0.61]
Kim J 2019 0.15[-0.15, 0.45]
Hou Y 2023 -0.13 [-0.56, 0.28]
Zeeni C 2019 -0.14 [-0.62, 0.33]
Pooled Effect 0.46 [0.21, 0.69]

1

| el
_A

Standardized Mean Difference

1

2

Sensitivity analysis (exclusion of extreme values): Forest plot for Quality of Recovery outcome
measure (Standardized mean difference)

Black vertical line indicates null value (standardized mean difference = 0), grey dashed vertical
line indicates the threshold for minimally important difference. A value above zero (right
direction) favors dexmedetomidine. A value below zero (left dwagtiavors control.
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Study Effect measure [95%Crl]

ShuT 2022 —A 11.18 [6.64, 15.8]
RenB 2023 —A— 10.67 [5.83, 15.73]
YuP 2022 el ) (5 49 1542)
Zheng L 2020 e 5306 1469)

Zhang L 2019 A 8.7[4.74,12.69]
Kim SH 2013 A 6.94 [2.78, 11.16]

Saravanaperumal G 2022 N . 6.13[1.37, 10.87)
Li S (1) 2023 (2) Zeng M 2023 A 5.56 [3.02, 8.05]
Lee's 2016 | i, 5.29 (1.4, 9.15]
Kim SY 2013 ] el 46[0.69, B.51]
ChoiJ 2021 3.31 [-0.81, 7.35]
Tutanogullari B 2008 3.16 [-1.64, 7.87]
Ge D 2015 3.11 [-1.56, 7.75]
GeD 2016 1.91 [-2.78, 6.53]
Bekker A 2013 1.74 [-3.39, 6.59]
KimJ 2019 1.61 [-1.68, 4.91]
Hou'Y 2023 -1.42 [-6.1, 3.06]
Zeeni C 2019 -1.47 [-6.73, 3.6]
Pooled Effect 4.95[2.34, 7.47]
-10 0 10 20

Mean Difference

Sensitivity analysis (exclusion of extreme values): Forest plot for Quality of Recovery outcome
measure (original scale)

Black vertical line indicates null value (mean difference = 0), grey dashed vertical line indicates
the threshold for minimally important difference. A value above zero (right direction) favors
dexmedetomidine. A value below zero (left direction) favorgrod.

189



Study Effect measure [95%Crl]

0.08 [-0.34, 0.52)

jran A 2020 0.01[-0.15,0.17)

0.05[-0.61, 0.72)

2 a
Standardized Mean Difference

Forest plot for healtinelated quality of life assessed wilort Form8 (SF8) and SFL2
Black vertical line indicates null value (standardized mean difference = 0). A value above zero
(right direction) favors dexmedetomidine. A value below zero (left direction) favors control.
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Study Effect measure [95%Crl]

Xu§ 2023 A&.ﬂ [0.29, 0.93]
A -0.35[-0.63, -0.06]

LiX 2017 T -0.41 [-1.23, 0.43)
ShiH 2020 -0.63 [-0.87,-0.4]

LiC (1) 2020 (2) 2023

LiS (1)2023 (2) Zeng M 2023

-0.97 [-1.42, -0.52]

YuY 2023 A -1.21[-1.61, -0.82]

ChenC 2016 -1.79 [-2.76, -0.86]

Pooled Effect

- — -0.61[-1.29,0.1]

-3 -2 -1 0 1
Mean Difference

Forest plot for sleep quality (NRS) assessment

Black vertical line indicates null value (mean difference /A0yalue above zero (right
direction) favors dexmedetomidine. A value below zero (left direction) favors control.
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Study

Effect measure [95%Crl]

Xu'S 2023 A 4.16 [2.68, 5.68)
ShuT 2022 AA 1,99 [0.28, 3.72]
Hou'Y 2023 1.89 [-1.62, 5.82]

Wang W 2022 AA 1.54[0.25, 2.86)
Wang F 2022 1.42 [-0.41, 3.23]
Kim SH 2013 1.04 [-2.32, 4.41)
Mao Y 2020 0.92 [-2.86, 4.71]
KimJ 2019 0.88[-2, 3.8]

LiS (1) 2023 (2) Zeng M 2023

Bekker A 2013

0.64 [-2.93, 3.96]

0.58 [-3.36, 4.35]

Jiang M 2019 0.48 [-1.75, 2.67]
Lee S 2016 0.42 [-3.6, 4.11]
Kim SY 2013 0.05 [-1.82, 1.86]
GeD 2016 -0.57 [-4.5, 2.77]

Tufanogullari B 2008

GeD 2015

Pooled Effect

-10

-5

0 5

10

-0.62 [-4.92, 2.95]

-1.6 [-2.88, -0.32]

0.69 [-0.5, 1.79]

Mean Difference

Forest plot for post anesthesia care unit (PACU) length of stay duration (minutes) assessment
Black vertical line indicates null value (mean difference /A0yalue above zero (right
direction) favors dexmedetomidine. A value below zero (left direction) favors control.
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Study Effect measure [95%Crl]

Turan A 2020 0.22 [-0.06, 0.5]
Andjelkovic L 2018 0.11 [-0.45, 0.91]
Kim SH 2013 -0.04 [-0.3, 0.23]

LiX 2017 -0.04 [-0.33, 0.26]

Wang W 2022 -0.06 [-0.61, 0.53]
HouY 2023 -0.06 [-0.6, 0.52]

Chen P 2021 Y -0.09 [-0.82, 0.67]

Bielka K 2018 -0.09 [-0.24, 0.05]

Liu T 2022 -0.11 [-0.68, 0.45]

van Nordon J 2021 -0.16 [-1.03, 0.59]
Shan X 2022 -0.19 [-0.95, 0.46]

Li C (1) 2020 (2) 2023 -0.19 [-0.9, 0.41]
Li S (1) 2023 (2) Zeng M 2023 -0.24 [-0.74,0.2]
Tufanogullari B 2008 -0.24 [-0.95, 0.32]
Ren B 2023 -0.27 [-0.61, 0.03]

Lee S 2016 -0.28 [-1.13, 0.31]

Mao ¥ 2020 -0.29 [-1.25, 0.36]
Bekker A 2013 -0.3[-1.19, 0.31]
Chen C 2016 -0.41 [-1.35, 0.18]

RanJ 2021 -0.47 [-1.56, 0.16]

Zhang L 2019 -0.49 [-1.38, 0.09]
Pooled Effect -0.18 [-0.5, 0.05]

0
Mean Difference

Forest plot for hospital length of stay duration (days) assessment
Black vertical line indicates null value (mean difference /A0yalue above zero (right
direction) favors dexmedetomidine. A value below zero (left direction) favors control.
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Study Effect measure [95%Crl]

Turan A 2020 0.78 [0.54, 1.07]

MaoY 2020

0.75[0.24, 2]

Li§ (1) 2023 (2) ZengM 2023 0.42[0.25, 0.68]

Han C 2019 0.35[0.086, 0.97]
LiH 2021 0.31[0.07, 0.78]
Bielka K 2018 0.29 [0.05, 0.78]
Jain G 2012 0.25 [0.08, 0.57]
Pooled Effect 0.42[0.18, 0.79]

b 777777 -

25 7.5 10.0

5.0
Qdds ratio

Forest plot for chronic pain incidence assessment
Black vertical line indicates null value (odds ratio = 1). A value above one (right direction)
favors dexmedetomidine. A value below one (left direction) favors control.
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Study Effect measure [95%Crl]

Mao ¥ 2020 0.87 [0.31, 2.38]
Ren B 2023 0.8[0.23, 2.01]
Chen P 2021 0.79 [0.26, 1.96]
Turan A 2020 0.79 [0.26, 1.97]
Shan X 2022 0.79 [0.23, 2.05]
RanJ 2021 0.74 [0.21, 1.77]

Li C (1) 2020 (2) 2023 0.73[0.49, 1.06]

LiX 2017 0.7 [0.25, 1.44]
van Nordon J 2021

0.66 [0.16, 1.38]

Li S (1) 2023 (2) Zeng M 2023 0.65[0.21, 1.25]

diasanasnas

Pooled Effect

0.7 [0.37, 1.21]

0.

o

25 7.5 10.0

5.0
Qdds ratio

Forest plot for mortality assessment
Black vertical line indicates null value (odds ratio = 1). A value above one (right direction)
favors dexmedetomidine. A value below one (left direction) favors control.
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Study Effect measure [95%Crl]

Turan A 2020 1.34[0.87, 1.98]
YuY 2023 0.79[0.44, 1.31]
ShiH 2020 0.68 [0.27, 1.45]

Mao ¥ 2020 0.66 [0.18, 1.64]

Andjelkovic L 2018 0.66 [0.18, 1.62]

LiX 2017

0.66 [0.3, 1.26]

Liu T 2022 0.65[0.26, 1.3]

Aaannas’

Li C (1) 2020 (2) 2023 0.65[0.32, 1.16]

Chen P 2021 — 0.54 [0.25, 0.98]
van Nordon J 2021 - 0.53[0.19, 1.07]
ZiJ 2020 0.52[0.18, 1.09]
Li S (1) 2023 (2) Zeng M 2023

0.4 [0.23, 0.65]

Pooled Effect

0.62[0.39, 0.92]

>"rpp

0. 25 7.5 10.0

5.0
Qdds ratio

Forest plot for delirium assessment
Black vertical line indicates null value (odds ratio = 1). A value above one (right direction)
favors dexmedetomidine. A value below one (left direction) favors control.
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Study Effect measure [95%Crl]

ShiH 2020 1.57[0.39, 5.14]
ZiJ 2020 1.38 [0.45, 3.56)
Jiang M 2019 1.34[0.25, 4.21]
GeD 2016 1.33[0.24, 4.26]
Sivaji P 2022 1.33[0.24, 4.2]
Yu P 2022 1.32[0.25, 4.22]
Shu T 2022 1.32[0.25, 4.11]
HouY 2023 1.32[0.25, 4.08]
GeD 2015 1.31[0.24, 4.1]
Sherif A 2017 0.91 [0.15, 2.37]
Pooled Effect 1.14[0.43, 2.48]

0.0 25 5.0 75 10.0
Odds ratio

Forest plot for respiratory failure assessment
Black vertical line indicates null value (odds ratio = 1). A value above one (right direction)
favors dexmedetomidine. A value below one (left direction) favors control.
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Study Effect measure [95%Crl]

Hou Y 2023

b d 44 L O]
TZOT T, ooz

Rekatsina M (1) 2021 (2) 2022
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AL 4001
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KimdJ 2019

4]
ES
[« 2}
—_
[e3]

Shu T 2022

9544024, 9.66)

Sivaji P 2022 24946-25, 9.88]

e E s
e -
B I
Turan A 2020 A 2.35[1.76, 3.1]

Wang W 2022 1.75[1.01, 2.83]

Li X 2017

0.58 [0.31, 0.99]

Pooled Effect 1.98 [0.84, 3.92]

0.0 25 5.0 75 10.0
QOdds ratio

Forest plot for hypotension assessment
Black vertical line indicates null value (odds ratio = 1). A value above one (right direction)
favors dexmedetomidine. A value below one (left direction) favors control.
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Study Effect measure [95%Crl]

Shu T 2022 Ao b iu.au. uu.ua}
Kim J 2019 2-6+10.6, 9.63]
Rekatsina M (1) 2021 (2) 2022 2.34[0.61, 7.52]

Sivaji P 2022 2.05(0.38, 6.83]

Efe Mercanoglu E 2022

2.03[0.39, 6.8]

Kim SY 2013 2.03 [0.38, 6.6]
Hou ¥ 2023 1.94[0.82, 4.27]
LiX 2017 1.83[0.91, 3.43]
Wang W 2022 1.69 [0.96, 2.83]

Turan A 2020 0.93 [0.56, 1.45]

Pooled Effect 1.74 [0.93, 3.34]

0.0 25

5.0 75 10.0
QOdds ratio

Forest plot for bradycardia assessment
Black vertical line indicates null value (odds ratio = 1). A value above one (right direction)
favors dexmedetomidine. A value below one (left direction) favors control.

199



Study Effect measure [95%Crl]

HouY¥ 2023 0.81[0.12,2.7]

Li X 2017 0.67 [0.41, 1.04]

Pooled Effect 0.81[0.25, 2.15]

0.0 25 75 10.0

5.0
Qdds ratio

Forest plot for hypertension assessment
Black vertical line indicates null value (odds ratio = 1). A value above one (right direction)
favors dexmedetomidine. A value below one (left direction) favors control.
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Study Effect measure [95%Crl]

ShiH 2020 1.08 [0.14, 5.09]

LiX 2017 0.57 [0.33, 0.92]

Pooled Effect 0.8[0.25, 2.37]

0.0 25 75 10.0

5.0
Qdds ratio

Forest plot for tachycardia assessment
Black vertical line indicates null value (odds ratio = 1). A value above one (right direction)
favors dexmedetomidine. A value below one (left direction) favors control.
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Appendix 4. Model diagnostics

Diagnostics for the assessment of the quality of recovery (weak prior, thin = 5)
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Diagnostics for the assessment of the quality of recovery (weak prior, thin = 1)
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Diagnostics for the assessment of headtlated quality of life (SF) (weak prior, thin = 5)
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Diagnostics for the assessment of headtlated quality of life (SF) (weak prior, thin = 1)
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Diagnostics for thessessment of the postoperative sleep (NRS) (weak prior, thin = 1)
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Diagnostics for the assessment of PACU (weak prior, thin = 1)
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Diagnostics for the assessment of hospital length of stay (weak prior, thin = 1)
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Diagnostics for the assessment of postoperative chronic pain incidence (weak prior, thin = 1)
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