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Abstract

Background: Dexmedetomidine is increasingly used for surgical patients requiring general anaesthesia. However, its
effectiveness on patient-centred outcomes remains uncertain. Our main objective was to evaluate the patient-centred
effectiveness of intraoperative dexmedetomidine for adult patients requiring surgery under general anaesthesia.
Methods: We conducted a systematic search of MEDLINE, Embase, CENTRAL, Web of Science, and CINAHL from
inception to October 2023. Randomised controlled trials (RCTs) comparing intraoperative use of dexmedetomidine with
placebo, opioid, or usual care in adult patients requiring surgery under general anaesthesia were included. Study se-
lection, data extraction, and risk of bias assessment were performed by two reviewers independently. We synthesised
data using a random-effects Bayesian regression framework to derive effect estimates and the probability of a clinically
important effect. For continuous outcomes, we pooled instruments with similar constructs using standardised mean
differences (SMDs) and converted SMDs and credible intervals (Crls) to their original scale when appropriate. We
assessed the certainty of evidence using the Grading of Recommendations Assessment, Development and Evaluation
(GRADE) methodology. Our primary outcome was quality of recovery after surgery. To guide interpretation on the original
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scale, the Quality of Recovery-15 (QoR-15) instrument was used (range 0—150 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 improvement in postoperative QoR-15 (mean difference 9, 95% CrI
4—14, n=21 RCTs, moderate certainty of evidence). We found 99% probability of any benefit and 88% probability of
achieving the MID. There was a reduction in chronic pain incidence (odds ratio [OR] 0.42, 95% Crl 0.19-0.79, n=7 RCTs,
low certainty of evidence). There was also increased risk of clinically significant hypotension (OR 1.98, 95% Crl 0.84—3.92,
posterior probability of harm 94%, n=8 RCTs) and clinically significant bradycardia (OR 1.74, 95% CrI 0.93—3.34, posterior
probability of harm 95%, n=10 RCTs), with very low certainty of evidence for both. There was limited evidence to inform
other secondary patient-centred outcomes.

Conclusions: Compared with placebo or standard of care, intraoperative dexmedetomidine likely results in meaningful
improvement in the quality of recovery and chronic pain after surgery. However, it might increase clinically important
bradycardia and hypotension.

Systematic Review Protocol: PROSPERO (CRD42023439896).

Keywords: adult anaesthesia; chronic postsurgical pain; clinical pharmacology; dexmedetomidine; opioid minimisation

strategies; pain management; patient-centred outcomes

Editor’s key points

e Dexmedetomidine is a popular adjunct for intra-
operative management of patients undergoing major
surgery and was effective at improving pain scores
and reducing opioid administration in previous sys-
tematic reviews. However, evidence to support
improved patient-centred outcomes is lacking.

e This systematic review team actively involved pa-
tient partners in development of their review. They
used Bayesian modelling to directly estimate the
probability of an effect of dexmedetomidine being
credible based on prior knowledge and the observed
data.

In their pooled analyses, intraoperative dexmedeto-

midine likely provided substantial benefit in terms of

quality of recovery and potentially reduced the inci-
dence of postoperative chronic pain. However, the
credibility of evidence was moderate to low.

Future high-quality RCTs should include patient-

centred outcomes and clinically important adverse

events to confirm patient-centred effectiveness and
safety of intraoperative dexmedetomidine.

Since its approval in 1999 for sedation of critically ill patients
in the intensive care unit, dexmedetomidine, an alpha-2
adreneric receptor agonist, has been increasingly used as an
off-label co-analgesic during surgery to complement general
anaesthesia.' > Dexmedetomidine can reduce short-term
opioid use®’ and some adverse effects related to opioids (i.e.
nausea and vomiting and respiratory depression). It is thus
considered an opioid minimisation strategy.® ' However,
adverse effects have been observed, and net clinical benefit for
surgical patients remains uncertain.'>*3

Evaluation of patient-centred outcome measures (i.e. out-
comes important to patients and caregivers) can provide a
holistic perspective on the overall effectiveness and impact of
perioperative interventions. Patient-centred outcomes incor-
porate core domains that can drive evidence-based strategies
to minimise opioid utilisation, including pain impact on

function and daily living."*"?° Prominent perioperative na-
tional and international expert consensus statements?’ >!
such as the American Society for Enhanced Recovery and Periop-
erative Quality Initiative Joint Consensus Statement®>>*> emphas-
ised the importance of patient-centred outcomes such as the
quality of recovery after surgery in the assessment of opioid
minimisation strategies.>* Importantly, our recent scoping
review of randomised controlled trials (RCTs) evaluating po-
tential opioid minimisation strategies in which patient-
centred outcomes were assessed indicated that dexmedeto-
midine was among the most promising pharmacologic stra-
tegies for intraoperative use.>”

Previous systematic reviews and RCTs have evaluated the
effectiveness of dexmedetomidine using unidimensional (e.g.
VAS for pain intensity) or indirect (e.g. short-term opioid
exposure) endpoints without direct patient-centred outcome
assessment, providing results that were often inconsistent
and of limited applicability.>®~>® Similar limitations (i.e. lack of
patient-centred outcomes) are also encountered in interna-
tional guidelines®® *! that inform the use of opioids and opioid
minimisation strategies.*! To address this knowledge gap, our
objective was to estimate the magnitude and certainty of
intraoperative dexmedetomidine’s effect on patient-centred
outcomes, such as the quality of recovery and chronic pain
after surgery, among adult patients requiring surgery under
general anaesthesia.

Methods

We performed a systematic review and Bayesian meta-analysis
following the recommendations from the Cochrane Handbook
for Systematic Reviews of Interventions.*? Our review is reported
in accordance to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) 2020 statement and the
WAMBS-checklist for Bayesian analysis.*>~*> We registered our
systematic review in PROSPERO (CRD42023439896) and pub-
lished our protocol before data analyses.’® As detailed in our
protocol®® and in a separate reflective article,”” we used a
collaborative approach involving a multidisciplinary team, pa-
tient partners, and multiple partner organisations across all
steps of this systematic review (Supplementary Table S1). Our
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patient engagement approach is reported according to the
Guidance for Reporting Involvement of Patients and the Public
(GRIPP2-2) (Supplementary Table $2).*8

Information sources and search strategy

Our search strategy was used in our scoping review inclusive
of all opioid minimisation strategies (Supplementary
Appendix $1).*>* We systematically searched MEDLINE,
Embase, CENTRAL, Web of Science, and CINAHL from incep-
tion to October 17, 2023, for relevant key terms with no lan-
guage or date restrictions. The search strategy was developed
following the Peer Review of Electronic Search Strategies
(PRESS) recommendations and was peer-reviewed indepen-
dently by two information specialists.*®

Study selection

We included peer-reviewed RCTs assessing the effectiveness of
systemic dexmedetomidine compared with placebo, opioids, or
usual standard of care. We focused on RCT evidence considering
our study question focused on determining the effectiveness of
an intervention and RCTs (conducted in a low risk of bias
manner) offer the highest level of evidence to inform the use of
an intervention.*’ From our previous scoping review results, we
observed that a substantial number of RCTs were potentially
eligible and available for inclusion in the current systematic re-
view.* To be considered eligible, dexmedetomidine had to be
initiated during the intraoperative period (i.e. day of surgery
before the patient is in the PACU). RCTs were included if they
reported at least one patient-centred outcome after the PACU
phase of care.’® We defined and classified patient-centred out-
comes based on the Standardised Endpoints in Perioperative
Medicine initiative (StEP-COMPAC) recommendations, and ex-
amples can be found in Supplementary Table $3.°° In addition,
we included long-term opioid use (including opioid substance
use disorder or overdose), opioid-related adverse effects (multi-
dimensional assessment), acute pain (multidimensional
assessment <3 months), and postoperative chronic pain (>3
months) as patient-centred outcomes.*” RCTs published in sus-
pected predatory journals (i.e. not peer-reviewed) were
excluded. A predatory journal was defined as an open-access
journal that is not registered or in the Directory of Open Access
Journals (DOAJ, https://doaj.org/) or in the Committee on Publi-
cation Ethics (COPE, https://publicationethics.org/).”">?

Data extraction

After removing duplicates in Zotero (https://www.zotero.org),
we imported the citations into InsightScope, an online soft-
ware tool designed to facilitate large reviews (https://
insightscope.tech/).>® We performed study selection and data
abstraction independently and in duplicate and resolved
conflicts with a third senior reviewer when needed (MV, JBPL,
RR, and HL).”®> We used a standardised data extraction form,
informed by our multidisciplinary team, which included the
following: (1) study design characteristics, (2) study methods,
(3) patient eligibility criteria, (4) surgery, (5) the type of
anaesthesia and analgesia, (6) pain intensity associated with
the procedure, and (7) the source of funding.*®

Outcomes

Our primary outcome was postoperative quality of recovery,
regardless of the measurement instrument used (see

Supplementary Table S3 for examples).”* When multiple time
points were available, we prioritised the 24-h time point or the
closest time point available. If multiple quality of recovery
instruments were reported, we prioritised the Quality of
Recovery-15 (score between 0 and 150, minimally important
difference [MID] >6 points)°” as this valid and reliable instru-
ment° is recommended by the StEP-COMPAC group (patient-
centred and patient comfort consensus)*>*” and also highly
ranked by our multidisciplinary team including patient
partners.*®*

We assessed other patient-centred outcomes, such as well-
being (i.e. other than quality of recovery such as sleep qual-
ity), patient function, health-related quality of life, life impact,
acute pain (multidimensional assessment), chronic pain (clini-
cally significant benefit defined as OR <0.70), opioid-related
adverse events (multidimensional assessments) and chronic
opioid use (see Supplementary Table S3 for examples).”*>®

We assessed non-patient-centred outcomes including
hospital and PACU lengths of stay, adverse events including
delirium, non-fatal/fatal cardiac arrest, mortality, respiratory
depression, and adverse events requiring intervention (i.e.
bradycardia, hypotension, tachycardia, and hypertension).>*%°

Risk of bias

We (MV, JBPL, RR, and HL) assessed the domain-specific and
overall risk of bias in duplicate using the Cochrane Collabo-
ration Risk of Bias (RoB 2.0) tool.°* ®® The risk of bias assess-
ment was outcome-oriented using our three outcome
categories: quality of recovery, other patient-centred out-
comes, and additional outcomes separately.®’

Data synthesis and analyses

For each outcome measure reported, we conducted a random-
effects Bayesian meta-analysis.®*"® Bayesian modelling
directly estimates the probability of an effect (or a certain ef-
fect size) being credible based on a combination of prior
knowledge and the observed data, in contrast to a frequentist
approach that estimates the probability of the observed data
(e.g. P-value-based null hypothesis testing). As such, a
Bayesian statistical approach can facilitate translation of
research findings into practice®” 7° and guidelines.”"””? We
pooled instruments with similar constructs using stand-
ardised mean differences (SMDs) and their 95% credible in-
tervals (Crls).”® For our primary analysis, we assessed the
effect of dexmedetomidine on the quality of recovery. We used
two levels hierarchical models (i.e. participants nested within
study variation and between study variation) to estimate the
SMDs and corresponding 95% Crls using linear regression
(Supplementary Appendix S2). We also converted SMDs to
their original scale (i.e. QoR-15) to facilitate clinical interpre-
tation (i.e. multiplication of the pooled SMD by the QoR-15
mean SD across intervention groups of included RCTs [SD
10.87]).”* We 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
(MD) as large or larger than the MID using the empirical cu-
mulative distribution function (ECDF). The same approach was
used for pooling secondary outcomes; modelling continuous
data with mean differences (or SMDs if more than one in-
strument sharing similar constructs) and standard errors (i.e.
linear regression) and binary data with odds ratio (logarithmic
scale) and standard errors along with 95% Crls. An SMD equal
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to or larger than 0.2 was considered clinically significant.*> We
used weak informative prior distributions for effect size esti-
mation of continuous and binary outcomes, and we conducted
sensitivity analyses using non-informative priors (see
Supplementary Appendix S2 for priors and model specifica-
tions). We estimated the heterogeneity distribution using tau
(r; prior distribution: half-Cauchy ~0, 0.5).”>"”/ We interpreted
T as reasonable (between 0.1 and 0.5), fairly high (between 0.5
and 1.0), or fairly extreme (higher than 1.0).°>’® We assessed
potential publication bias with funnel plots when more than
10 RCTs were included in a meta-analysis.

Meta-regressions

For each patient-centred outcome measure that was reported
in 10 or more RCTs,*> we performed meta-regressions to
explore sources of heterogeneity, namely, type of surgery
(high risk of chronic pain vs not),”® population (older adults
[>65 yr] us younger; chronic pain or opioid use at baseline),
type of dexmedetomidine administration (bolus vs bolus and
infusion vs infusion vs target-controlled infusion [i.e. incor-
poration of the drug pharmacokinetic profile in the infusion
pump to estimate the desired plasma or effect site concen-
tration]), the dosage of dexmedetomidine (concentration and
duration), risk of bias of RCTs with available data (low, high, or
some concerns), mean pain intensity in the control group (low
us moderate or severe [>4 on a 10-point scale]), and type of
funding (academic, industry, or academic and industry).%°

Model diagnostics and code

Bayesian meta-analyses and posterior distribution results
were calculated using the brms package in R version 4.3.2 (R
Foundation for Statistical Computing, Vienna, Austria).®® We
implemented our sampling procedure using the Markov chain
Monte Carlo-based method, with an iteration phase of 6000
and a warm-up phase of 2000 iterations, followed by four
chains as the initial approach.?’ We assessed model conver-
gence and validity using the Rhat values (<1.01 for adequate
convergence) and potential scale reduction factor (PSFR)
approach.®?8% 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

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 methodology.?*

Results
Study characteristics and study selection

We identified 49,069 citations from our search, of which 46
RCTs involving 6024 participants (range 39—798 participants
per RCT) were included in our systematic review. Some results
could not be included in meta-analyses (reasons provided in
Supplementary Table S4), and a total of 44 RCT's involving 5904
participants were included in our meta-analyses (Fig. 1).
Most RCTs were conducted in one centre (n=40; 3912
participants), and 13% were multicentre RCTs (n=6; 2112
participants). The mean age of participants was 56 (range:

27 -72) yr, and 51% were female (Supplementary Table S5).
The most common types of surgery within RCTs were
gastrointestinal surgery (24%, n=11; 742 participants),
noncardiac thoracic surgery (17%, n=8; 726 participants), and
obstetrics-gynaecological surgery (13%, n=6; 405 partici-
pants). The comparator was placebo in 91% of RCTs (n=42;
5774 participants), opioids in 7% (n=3; 186 participants), and
usual care in 2% (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 fol-
lowed by an infusion in 48% of RCTs (n=22; 3349 partici-
pants). In 17% of RCTs (n=8; 1884 participants),
dexmedetomidine administration was continued during the
postoperative period. The median duration of infusion was
2.3 (interquartile range [IQR] 1.7—3.9) h, and the median dose
of the bolus and intraoperative infusion were 0.5 (IQR
0.5-1.0) ug kg™! and 0.5 (IQR 0.4-0.5) ug kg™! h~l, respec-
tively. No RCTs used a target-controlled infusion to admin-
ister the intervention or the control, and only five RCTs used
a variable dose according to surgery duration or allowed
dosing regimen adjustments according to the anaesthesiol-
ogist. Stratification for sex was performed in 15% of RCTs
(n=7; 1436 participants). A summary of characteristics of
included RCTs is provided in Supplementary Table S5. Re-
sults from RCTs that could not be pooled are summarised in
Supplementary Table S4. Authors were contacted to provide
detail on quantitative results of quality of recovery,®® sleep
quality,®® quality of life,®® acute pain,®” and chronic pain,®®
but no responses were obtained.

Risk of bias

For the 25 RCTs in which the primary outcome (quality of re-
covery) was reported, the overall risk of bias was considered
low for 40% (n=10), unclear for 52% (n=13), and high for 8%
(n=2). The overall risk of bias for other patient-centred out-
comes (n=23) was low for 22% (n=5), unclear 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)
(Supplementary Tables S6—S8 and Figs S1—-S3).

Primary outcome
Quality of recovery

Among the 25 RCTs that assessed the quality of recovery, 21
RCTs (n=1793 participants) were pooled (i.e. outcome measure
with the same or similar construct). The quality of recovery
instruments pooled were the Quality of Recovery-9 (n=1),
Quality of Recovery-15 (n=5), and Quality of Recovery-40
(n=15). The timing of evaluation was 24 h after surgery
except for two RCTs that reported a later time point.®>%® The
estimated mean increase in the quality of recovery was 0.82
SMD units (95% CrlI 0.34—1.30, Tau=1.12). Results were similar
when using a non-informative prior (SMD 0.86, 95% Crl
0.34—1.38, Tau=1.17) (Supplementary Table S9 and Appendix
S4). Following conversion to the original scale (QoR-15), the
mean increase in the quality of recovery was 9 points (95% Crl
4—14) (Table 1 and Fig. 2).”* The posterior probability of any
benefit (i.e. probability that there is a difference between
groups in favour of dexmedetomidine [MD >0]) from dexme-
detomidine on the quality of recovery was 99%, and the
probability of a clinically significant benefit (MD >6 units on
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Records identified from:

MEDLINE (n=10 457)
Embase (n=11 634)
CENTRAL (n=14 748)
Web of Science (n=8913)
CINAHL (n=3317)

c
o
=
]
o
=
=
c
o
3

Records screened (n=27 479)

Full-text reports assessed for eligibility
(n=1088)

RCTs included in review
(n=46; 6024 participants)

Reports of included studies
(n=49)

Fig 1. Flow diagram. RCT, randomised controlled trial.

the QoR-15 scale) was 88%.°> After removing three RCTs with
extreme results (i.e. >3 times the pooled SMD), the posterior
probability of a clinically significant benefit (MD >6 units on
QoR-15 scale) was 81%. The certainty of evidence was mod-
erate (Table 1). Based on forest plot visual inspection and
meta-regression coefficients (Fig. 3), some factors may partly
explain heterogeneity, such as the risk of bias and the type of
population. RCTs at lower risk of bias reported larger effect
sizes from dexmedetomidine, and there was an increased ef-
fect size when used among patients <65 yr old. A possible ef-
fect from the dosage regimen (the use of combined bolus and
infusion were associated with increased effect size) was also
noted. The duration of infusion (in hours) had no strong
impact on the quality of recovery based on meta-regression
(SMD 0.02, 95% CrI —0.07 to 0.10).

Other patient-centred outcomes

Life impact

There was little evidence that dexmedetomidine improved
patient independence after surgery (MD —5, 95% confidence
interval [CI] —5 to 0, n=1 RCT evaluated using the Barthel

score).?’ The certainty of evidence was very low (Table 1 and
Supplementary Appendix S3).

Records removed before screening:
Duplicate records removed (n=21 590)

Records excluded (n=26 391)

Reports excluded:
Not an RCT (n=153)
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 patient-centred outcomes (n=823)
Outcomes not assessed after PACU (n=2)
Suspected predatory journal (n=10)
Duplicate study (n=9)

RCTs included in meta-analysis
(n=44; 5904 participants)
Reports of included studies
(n=47)

Patient health-related quality of life

Pooled estimates suggested no strong benefit from dexmede-
tomidine on health-related quality of life after surgery (SMD
0.05, 95% CrI —0.61 to 0.72, Tau=0.40, n=2 RCTs). The posterior
probability of any benefit was 46% (combining Short Form-8
[SF-8] and SF-12). The certainty of evidence was low (Table 1
and Supplementary Appendix S3).

Multidimensional acute pain

One RCT evaluated the effect of dexmedetomidine on DN4 (i.e.
Neuropathic Pain Detection Questionnaire) and found no
impact (i.e. absence of neuropathic pain in all intervention and
control arms).®” No RCTs reported multidimensional acute
pain assessment.

Well-being (sleep quality)

The posterior probability of any benefit from dexmedetomi-
dine on sleep quality was 94% (MD —1 [Numerical Rating Scale
0—10, where lower is better], 95% CrI —1 to 0, 7=0.89, n=7 RCTs,
low certainty of evidence) (Table 1 and Supplementary
Appendix S3).



Table 1 Summary estimates from Bayesian meta-analyses with the assessment of the certainty of the evidence. CI, confidence interval; Crl, credible interval; MD, mean difference; NA,
not available; OR, odds ratio; RCT, randomized controlled trial; SMD, standardised mean difference. *Calculated with the empirical cumulative distribution function. ‘Conversion of
pooled quality of recovery results in the QoR-15 unit by multiplying the pooled SMD by the QoR-15 mean standard deviation across intervention groups of included RCTs. Score ranged
between 0 (very poor recovery) and 150 (excellent recovery). ‘Because of inconsistency. Not downgraded for risk of bias given results from meta-regression (RCTs at lower risk of bias
reported larger effect sizes from dexmedetomidine). 'Because of risk of bias and imprecision. !Score ranged between 0 and 100, with lower score indicating increased disability. /Because
of risk of bias, inconsistency, and imprecision. *Because of risk of bias and inconsistency.

029

‘b 12 IBIIBA

Outcome Relative effect (95% CrlI or CI) Posterior Number Number of Heterogeneity using Certainty of the
probability of RCTs  participants Tau (95% Crl) evidence (GRADE)
of any
benefit (%)* Dexmedetomidine Comparator

Primary
Quality of recovery' MD 9 (95% Crl 4 to 14) 99 21 908 885 1.12 (0.81-1.56) Moderate?
Secondary
Health-related quality of life SMD 0.05 (95% Crl —0.61t0 0.72) 46 2 209 219 0.40 (0.01—1.36) Low’
(Short-Form score)
Life impact (Barthel Index)* MD —5 (95% CI: =5 to 0) NA 1 55 55 NA Very low!
Sleep quality (Numerical Rating Scale) MD —0.6 (95% CrI —1.3 to 0.1) 94 7 858 854 0.89 (0.47—1.60) Very low!
Chronic pain incidences OR 0.42 (95% Crl 0.18 to 0.79) 99 7 692 683 0.77 (0.23-1.60) Low"
Mortality OR 0.70 (95% CrI 0.37 to 1.21) 93 10 1254 1261 0.36 (0.01-1.12) Low"
Delirium OR 0.62 (95% Crl 0.39 to 0.92) 99 12 1457 1459 0.52 (0.23—0.95) Very low!
Bradycardia requiring an intervention OR 1.74 (95% Crl 0.93 to 3.34) 5 10 1106 888 0.62 (0.08—1.49) Very low!
Hypotension requiring an intervention = OR 1.98 (95% CrI 0.84 to 3.92) 6 8 1026 808 0.91 (0.40—1.72) Very low!
Tachycardia requiring an intervention OR 0.80 (95% CrlI 0.25 to 2.37) 80 2 195 196 0.65 (0.03—1.91) Very low!
Hypertension requiring an intervention = OR 0.81 (95% CrI 0.25 to 2.15) 80 2 180 180 0.62 (0.02—1.90) Very low!
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Study Effect measure (95% Crl) No. participants Risk of bias
Sivaji P 2022 i e —— 3.32 (2.51 to 4.14) 48 Low
Jiang M 2019 ! — 3.28 (2.6 to 3.97) 60 Low
Xu S 2023 X . 3.04 (2.49 to 3.58) 80 Low
Shu T 2022 i . 1.19 (0.74 to 1.63) 80 Low
Ren B 2023 R 1.15 (0.65 to 1.65) 66 Low
Yu P 2022 - 1.13 (0.64 to 1.64) 64  Some concerns
Zheng L 2020 i i, 1.03 (0.47 to 1.6) 55  Some concerns
Zhang L 2019 : A 0.87 (0.48 to 1.26) 100  Some concerns
Kim SH 2013 :A 0.69 (0.28 to 1.1) 88 Low
Saravanaperumal G 2022 T 0.62 (0.11 to 1.11) 62  Some concerns
(1) Li S 2022 (2) Zeng M 2023 ; 0.52 (0.28 t0 0.76) 260 Low
Lee S 2016 :A 0.51(0.11t0 0.9) 100 Low
Kim SY 2013 A 0.42 (0.04 t0 0.8) 100  Some concerns
Choi J 2021 0.29 (-0.12t0 0.7) 88 Low
Ge D 2015 0.26 (-0.2t00.72) 67  Some concerns
Tufanogullari B 2008 0.25 (-0.25 t0 0.75) 77  Some concerns
Kim J 2019 0.12 (0.2 to 0.42) 149  Some concerns
Ge D 2016 0.11 (-0.38 to 0.59) 64 High
Bekker A 2013 0.08 (-0.43 to 0.57) 54  Some concerns
Hou Y 2023 —0.27 (-0.72 t0 0.16) 75  Some concerns
Zeeni C 2019 —0.31 (-0.83 t0 0.21) 56 Low
Pooled effect :—A 0.82 (0.34 to 1.30) 1793
2 4 6

Standardised mean difference

Fig 2. Forest plot for quality of recovery outcome measure. The black vertical line indicates a null value (standardised mean difference = 0),
and the grey dashed vertical line indicates the threshold for minimally important difference. A value above zero (right direction) favours
dexmedetomidine. A value below zero (left direction) favours control. Crl, credible interval.

Postoperative function

No RCTs reported data on postoperative function.

Chronic pain

The posterior probability of any benefit (OR <1) on chronic pain
incidence was 99%, and the posterior probability of clinically
significant benefit (OR <0.70) was 95% (OR 0.42, 95% CrI
0.19-0.79, Tau=0.77, n=7 RCTs, low certainty of evidence)
(Table 1 and Supplementary Appendix S3).

Other outcomes

The posterior probability of any harm on hypotension
requiring an intervention was 94% (OR 1.98, 95% Crl 0.84—3.92,
Tau=0.91, n=8 RCTs, very low certainty of evidence), and it
was 95% for bradycardia requiring an intervention (OR 1.74,
95% CrI 0.93—3.34, Tau=0.62, n=10 RCTs, very low certainty of
evidence). The posterior probability of any benefit on mortality
was 93%, (OR 0.70, 95% Crl 0.37—1.21, Tau=0.36, n=10 RCTs,
low certainty of evidence). The posterior probability of any
benefit on hypertension requiring an intervention was 80% (OR
0.81, 95% CrI 0.25—2.15, Tau=0.62, n=2 RCTs, very low certainty
of evidence), and the posterior probability of any benefit on
tachycardia requiring an intervention was 80% (OR 0.80, 95%

Crl 0.25—2.37, Tau=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% CrI 0.39—0.92, Tau=0.52, n=12
RCTs, very low certainty of evidence). There was no effect from
dexmedetomidine on the odds of respiratory depression (OR
1.14, 95% CrlI 0.43—2.48, Tau=0.51, n=10 RCTs, posterior prob-
ability of any benefit 47%). No RCT's reported results on chronic
opioid use, fatal/non-fatal cardiac arrest, and opioid-related
adverse effects (multidimensional assessment) outcome
measures.

Length of PACU and hospital stay

The posterior probability for dexmedetomidine increasing
PACU duration was 88% (MD 1 min, 95% CrI —1 to 2, Tau=1.8,
n=16 RCTs), and the posterior probability of a reduction in
hospital length of stay was 92% (MD—-0.2 days, 95%CrlI: —0.5 to
0.1, Tau=0.33, n=21 RCTSs).

Publication biases

For all meta-analyses including more than 10 RCTs, we found
no evidence of publication bias based on visual assessment of
funnel plots (Supplementary Figs S4—S8).
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Subgroup Effect measure (95% Crl) (no. of trials)

Timing: Intraop : —_———i 0.80 (0.28 to 1.30) (n=20)

Timing: Intra and postop : 1.14 (-1.24 to 3.46) (n=1)
RoB: Some concerns v—:—o—c 0.39 (-0.29 to 1.05) (n=10)
RoB: Low : ——————— 1.35 (0.67 to 2.04) (n=10)

RoB: High :. 0.00 (-2.20 to 2.19) (n=1)

Pain risk: Low : ——— 0.78 (0.19 to 1.34) (n=16)

Pain risk: High : 0.92 (-0.12 to 1.97) (n=5)

Pain intensity: Unknown : 0.29 (-1.07 to 1.61) (n=3)
Pain intensity: Moderate/high : 0.68 (—0.51 to 1.85) (n=4)
Pain intensity: Low : —_—— 0.98 (0.36 to 1.60) (n=14)
Opioid naive only: Yes : —_————— 1.15 (0.39 to 1.89) (n=9)
Opioid naive only: NS o-:—o—c 0.59 (-0.05 to 1.22) (n=12)
Infusion: None ::—o—c 0.89 (-0.02 to 1.80) (n=7)

Infusion: Medium : 0.81 (-0.21 to 1.83) (n=6)
Infusion: Low o:—o—c 0.76 (-0.12 to 1.61) (n=8)

Funding: Not reported
Funding: None

0.93 (0.04 to 1.81) (n=7)
0.24 (~1.14 to 1.60) (n=3)

!
I
i
Funding: Academic : —_———————— 0.91 (0.18 to 1.60) (n=11)
Comparator: Placebo : —_————— 0.88 (0.31 to 1.45) (n=17)
Comparator: Opioid or usual care : 0.56 (-0.59 to 1.74) (n=4)
Chronic pain: NS : —_——i 0.82 (0.29 to 1.32) (n=20)
Chronic pain: Excluded : 0.63 (-1.73 to 3.07) (n=1)
Bolus: None : 0.15 (-0.91 to 1.17) (n=5)
Bolus: Medium : —_——— 1.07 (0.38 to 1.74) (n=11)
Bolus: High : 0.96 (-0.03 to 1.97) (n=5)
Age: No restriction v—:—o—c 0.49 (-0.20 to 1.16) (n=10)
Age: Geriatric only : —0.37 (-2.57 to 1.83) (n=1)
Age: Geriatric excluded : —_—— 1.30 (0.61 to 1.99) (n=10)
Administration: Infusion + 0.16 (-0.90 to 1.17) (n=5)
Administration: Both i —_—————— 1.14 (0.38 to 1.90) (n=9)

Administration: Bolus

0.89 (0.01 to 1.75) (n=7)

-2.5 0.0

25 5.0

Standardised mean difference

Fig 3. Forest plot showing meta-regression results for quality of recovery outcome measure. Blue dashed vertical line indicates a null value
(standardised mean difference = 0). Values above zero (right direction) favours dexmedetomidine. Moderate/high pain intensity: mean
pain intensity of 4 or more on a 10-point scale in the control group. Surgeries considered at high risk of chronic pain were as follows:
mastectomy, thoracotomy, amputation, arthroplasty, Caesarean, cholecystectomy, craniotomy, hip replacement, inguinal hernia repair,
spinal surgery, coronary artery bypass graft, trauma, and burn. Crl, credible interval; NS, not specified; RoB, risk of bias.

Model diagnosis

All our models converged adequately with Rhat <1.01 (i.e.
representative regions were explored by the chains) and
adequate marginal posterior distributions (i.e. results from
statistical models resembled the observed data). We also ob-
tained good mixing of the Markov chains based on the trace
plots, and there was no autocorrelation (i.e. dependency
among Markov chain samples) except for the primary
outcome model (i.e. quality of recovery) and for health-related
quality of life that was resolved with increased thinning (i.e.
subsampling each chain of simulation generated by the
model) while providing similar effect estimates (thin=5).
Density plots, trace plots, posterior check, and autocorrelation
figures are provided in Supplementary Appendix S4. Results
were similar whether a weak informative or non-informative
prior was used (Supplementary Table S9).

Protocol deviation

All diagnostic tests (convergence, replication, and density)
were satisfactory (Supplementary Appendix S4). Although we
planned to explore the impact of the dose (continuous vari-
able) of dexmedetomidine administration on our primary
outcome (i.e. quality of recovery), we decided to categorise this
independent variable given the overall limited range of doses
used (i.e. low, 0-0.49 ng kg~%; medium, 0.5-0.99 ug kg~%; and
high, >1 pg kg™}).

Discussion

In this systematic review and Bayesian meta-analysis of
RCTs, we found that dexmedetomidine likely provides a
meaningful improvement in the quality of recovery after
surgery among adult patients undergoing surgery requiring
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general anaesthesia.”® We also found a high probability that
dexmedetomidine initiated during surgery improves post-
operative chronic pain, sleep quality, and delirium incidence
that was, however, supported by low to very low certainty of
evidence. Regarding safety, dexmedetomidine may increase
the risk of clinically significant hypotension and bradycardia.
However, mortality and hospital length of stay were reduced
with the use of dexmedetomidine, indicating that bradycardia
and hypotension episodes likely had minimal impact on pa-
tients. There were either few RCTs or none reporting the ef-
fect of dexmedetomidine on life impact, health-related
quality of life, postoperative acute pain (multidimensional
assessment), long-term opioid use, fatal/non-fatal cardiac
arrest, clinically significant tachycardia, clinically significant
hypertension, and opioid-related adverse effects outcome
measures.

Our findings are consistent with previous systematic re-
views and meta-analyses that demonstrated potential benefits
from the intraoperative use of dexmedetomidne.**~3¥ For
instance, previous systematic reviews showed that dexme-
detomidine is associated with a substantial decrease in peri-
operative inflammation (interleukin-6 mean reduction on the
first postoperative day 42, 95% CI —57 to —26 pg ml™),° a
moderate reduction in opioid use (sufentanil equivalent) dur-
ing the first 24 h after surgery (MD —14 pg, 95% CI —19 to —9
ng),%” and a moderate reduction in nausea and vomiting (OR
0.56, 95% CI 0.46—0.69).8'9 However, previous reviews also
noted an increased risk of adverse events (bradycardia and
hypotension) for which the clinical significance was uncer-
tain.”! It was thus unclear whether the intraoperative use of
dexmedetomidine could provide a net benefit for surgical pa-
tients given the absence of holistic multidimensional assess-
ment. As suggested by multiple international societies,?*
patients with lived experience have identified priorities?>?4°?
and guidelines such as the American Society for Enhanced
Recovery and Perioperative Quality Initiative Joint
Consensus®? and The International Association for the Study
of Pain,?® the evaluation of patient-centred outcomes, such as
quality of recovery, should be used to address this knowledge
gap and guide clinical practice. Given the clinically meaningful
impact that we observed from dexmedetomidine on the
quality of recovery, our findings suggest that dexmedetomi-
dine likely provides a net benefit for surgical patients under-
going surgery. Further high-quality RCTs are required to
confirm this finding and establish safety.

We also identified important knowledge gaps in patient-
centred outcomes that should be further evaluated in high-
quality RCTs. We found that although the target-controlled
infusion method is increasingly used in perioperative prac-
tice to administer medications such as dexmedetomidine,”®
no eligible RCTs used such mode of delivery. Most RCTs used
a fixed dose of dexmedetomidine as opposed to a dosing
regimen that could be altered by the health care provider or
according to the duration of surgery, and comparators re-
ported were almost exclusively placebos. These study char-
acteristics highlight a lack of pragmatic RCTs, aimed at
evaluating an intervention in a real-world setting that is
similar to the one in which the intervention will be imple-
mented, to inform the intraoperative use of dexmedetomi-
dine.®* Future RCTs should thus incorporate pragmatic study
design components to improve applicability of the findings
and help guide practice in terms of optimal dosing regimen
and mode of delivery.

Our systematic review has several strengths. First, we used
an innovative co-creation approach, actively involving partner
organisations and patient partners throughout the research
process, to determine the magnitude of a potential net benefit
for the patients.*®* To enhance applicability of our findings,
we evaluated the clinical significance of our findings using
established MID thresholds of an established multidimen-
sional patient-reported outcome measure (i.e. quality of re-
covery), and we evaluated the certainty of evidence.”* Second,
we implemented a Bayesian regression framework to allow
modelling of heterogeneity, enable efficient use of available
data, and enhance the interpretability of our results.”> This
probabilistic approach further facilitates knowledge trans-
lation to practice given its intuitive interpretation for the end
users and decision-makers.®’ 72 Third, we implemented the
StEP-COMPAC consensus recommendations for the evaluation
of perioperative patient-centred outcomes,’® which was pre-
viously identified as an important knowledge gap.** Such an
approach represents a pragmatic strategy to identify prom-
ising complementary agents to opioids in the context of the
worldwide opioid crisis.”®

Our review had limitations. Firstly, although patient-
centred outcomes are extremely important to guide clinical
decision-making during general anaesthesia, additional out-
comes might be relevant to clinicians. Our systematic review
does not include RCTs that did not report at least one patient-
centred outcome; thus, our assessment of harms might not be
exhaustive. Secondly, our systematic review does not compare
dexmedetomidine with other opioid minimisation strategies.

Conclusions

Our pooled analyses demonstrated that intraoperative sys-
temic dexmedetomidine likely provides substantial benefit on
the quality of recovery after surgery and potentially reduces
postoperative chronic pain incidence among adult patients.
Future high-quality RCTs should include patient-centred out-
comes and clinically important adverse events to confirm
patient-centred effectiveness and safety.
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