
British Journal of Anaesthesia, xxx (xxx): xxx (xxxx)

doi: 10.1016/j.bja.2024.08.009

Advance Access Publication Date: xxx

Review Article
R E V I EW A R T I C L E

Efficacy of nonopioid analgesics and adjuvants in multimodal
analgesia for reducing postoperative opioid consumption and
complications in obesity: a systematic review and network meta-
analysis

Michele Carron1,2,* , Enrico Tamburini2 , Federico Linassi3,4 , Tommaso Pettenuzzo2 ,

Annalisa Boscolo1,2,5 and Paolo Navalesi1,2

1Department of Medicine - DIMED, Section of Anaesthesiology and Intensive Care, University of Padova, Padova,

Italy, 2Institute of Anaesthesia and Intensive Care, Padua University Hospital, Padova, Italy, 3Department of Anaesthesia

and Intensive Care, Ca’ Foncello Treviso Regional Hospital, Treviso, Italy, 4Department of Pharmaceutical and

Pharmacological Sciences, University of Padova, Padova, Italy and 5Thoracic Surgery and Lung Transplant Unit,

Department of Cardiac, Thoracic and Vascular Sciences, University of Padua, Padova, Italy

*Corresponding author. E-mail: michele.carron@unipd.it
Abstract

Background: Managing postoperative pain in patients with obesity is challenging. Although multimodal analgesia has

proved effective for pain relief, the specific impacts of different nonopioid i.v. analgesics and adjuvants on these patients

are not well-defined. This study aims to assess the effectiveness of nonsteroidal antiinflammatory drugs, paracetamol,

ketamine, a-2 adrenergic receptor agonists, lidocaine, magnesium, and oral gabapentinoids in reducing perioperative

opioid consumption and, secondarily, in mitigating the occurrence of general and postoperative pulmonary complica-

tions (POPCs), nausea, vomiting, PACU length of stay (LOS), and hospital LOS among surgical patients with obesity.

Methods: A systematic review and networkmeta-analysis was performed. PubMed, Scopus, Web of Science, CINAHL, and

EMBASE were searched. Only English-language RCTs investigating the use of nonopioid analgesics and adjuvants in adult

surgical patients with obesity were included. The quality of evidence and certainty were assessed using the RoB 2 tool

and GRADE framework, respectively.

Results: In total, 37 RCTs involving 3602 patients were included in the quantitative analysis. Compared with placebo/no

intervention or a comparator, dexmedetomidine, ketamine, lidocaine, magnesium, and gabapentin significantly reduced

postoperative opioid consumption after surgery. Ketamine/esketamine also significantly reduced POPCs. Ibuprofen,

dexmedetomidine, and lidocaine significantly reduced postoperative nausea, whereas dexmedetomidine, either alone or

combined with pregabalin, and lidocaine reduced postoperative vomiting. Dexmedetomidine significantly reduced PACU

LOS, whereas both paracetamol and lidocaine reduced hospital LOS.

Conclusions: Intravenous nonopioid analgesics and adjuvants are crucial in multimodal anaesthesia, reducing opioid

consumption and enhancing postoperative care in adult surgical patients with obesity.

Systematic review protocol: CRD42023399373 (PROSPERO).
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Editor’s key points

� Managing postoperative pain by reducing opioid use

in patients with obesity is challenging.

� This systematic review and network meta-analysis

shows that nonopioid i.v. analgesics and adjuvants

reduce postoperative opioid consumption in patients

with obesity.

� Among nonopioid i.v. analgesics and adjuvants, ke-

tamine/esketamine reduce postoperative pulmonary

complications in patients with obesity.

� Nonopioid i.v. analgesics and adjuvants, particularly

dexmedetomidine, improve postoperative care in

patients with obesity.
Managing postoperative pain in patients with obesity poses

unique challenges.1,2 The adoption ofmultimodal anaesthesia,

which uses various agents to target different points of the

nociceptive pathway, enhances effectiveness and minimises

side effects.3 This approach is crucial given the global increase

in obesity and the resulting increase in patients with specific

physiological needs requiring tailored analgesic methods.1,2

Multimodal anaesthesia improves pain relief in patients

with obesity,4 but its effect on reducing opioid use, which is

associated with significant adverse effects and addiction

risks,1,2 is not fully understood. In the general population,

opioid-induced respiratory depression can lead to hypo-

xaemia, hypercapnia, cardiorespiratory arrest, increased

perioperative morbidity andmortality, and prolonged hospital

length of stay (LOS) and costs.5 The risk of opioid-induced

respiratory depression is heightened by obesity-related phys-

iological changes and by coexisting comorbidities, particularly

cardiorespiratory diseases.1,2,6 This risk of opioid-induced

respiratory depression is significantly increased in patients

with cardiac disease (odds ratio [OR] 1.79), pulmonary disease

(OR 2.27), and obstructive sleep apnoea (OSA) (OR 1.4),5 which

in turn is also associated with higher rates of postoperative

desaturation (OR 2.27), respiratory failure (OR 2.43), reintuba-

tion (OR 2.05), and cardiac events (OR 2.07).1 Opioids suppress

both ventilatory and pharyngeal neuromotor drive, reducing

airway patency and increasing the likelihood of upper airway

obstruction,7 predisposing patients to adverse respiratory

events.1,5,6 Additionally, high-certainty evidence indicates

that opioid prescribing significantly increases the risk of

nausea, vomiting, constipation, dizziness, and drowsiness,

without substantially reducing pain intensity after discharge.8

Multimodal analgesia, combining drugs, techniques, and

non-pharmacological interventions, is recommended for

managing postoperative pain in the general population.9 Its

effectiveness in preventing postoperative pain is particularly

crucial for high-risk patients, such as those with obesity,1,10

and is endorsed by national6,11 and international guide-

lines.12,13 In such patients, the use of nonopioid i.v. analgesics

and adjuvants within a multimodal anaesthesia framework

has been shown to enhance pain relief and improve overall

quality of recovery after surgery.4

This systematic review and network meta-analysis aims to

evaluate the effectiveness ofmultimodal analgesia in reducing

opioid use and decreasing general and respiratory complica-

tions after surgery in patients with obesity, who face a higher

risk of postoperative pulmonary complications (POPCs).1,2,6,14
It also assesses the impact on PACU and hospital stay dura-

tions, critical elements in enhanced recovery protocol after

surgery11,13 for such a high-risk patient population.1,6,12
Methods

The protocol for this networkmeta-analysis was prospectively

registered in the PROSPERO database on February 25, 2023,

bearing the identification number CRD42023399373.

Throughout the preparation of this manuscript, strict adher-

ence to the Preferred Reporting Items for Systematic Reviews

and Meta-Analyses (PRISMA) checklist was maintained.15
Eligibility criteria

The inclusion criteria for this systematic review and network

meta-analysis were established based on the PICOS frame-

work, detailed as follows.
Population (P)

The study targeted adult patients (aged �18 yr) with obesity,

identified by a BMI �30 kg m�2, who were receiving surgical

treatment.
Intervention (I)

Evaluated interventions encompass a range of multimodal,

nonopioid pain-relief methods as part of a conventional

anaesthesiology approach. This includes the administration of

nonopioid analgesics and adjuvants in multimodal general

anaesthesia, covering medications such as non-steroidal anti-

inflammatory drugs (NSAIDs), paracetamol (or acetamino-

phen) (from here on referred to as paracetamol for conve-

nience), ketamine, a-2 agonists (i.e. dexmedetomidine,

clonidine), lidocaine,magnesium, and oral gabapentinoids (i.e.

pregabalin, gabapentin).3,4 The research will assess these

treatments both as standalone options and in combination.
Comparison (C)

For comparison, the study identifies groups receiving a pla-

cebo, no treatment, or different multimodal analgesic

methods, either alone or combined.
Outcomes (O)

The primary aim of this study was to assess the reduction in

postoperative opioid consumption. Evaluation began from the

first reported time point after surgery for the primary outcome

and extended as far as was feasible, to examine potential im-

pacts not only in the immediate postoperative period but also

later on. To ensure comparability, opioids were converted to i.v.

morphinemilligramequivalents using theGlobalRPHmorphine

equivalent calculator, with a 0% cross-tolerance modifier

(available at http://www.globalrph.com/narcotic).10 Secondary

endpoints included the total postoperative complications,

evaluated as a composite of postoperative pulmonary compli-

cations (POPCs), as outlined in the literature,14,16,17 and non-

POPCs, all observed within the postoperative monitoring time-

frame. The preselected POPCs included conditions that ranged

from mild to severe respiratory failure, all characterised by

hypoxaemia. This encompassed both specified criteria of

desaturationdPaO2 <8 kPa (60 mm Hg), PaO2:FIO2 ratio <40 kPa

(300 mm Hg), or SpO2 <90% on room airdand instances where

http://www.globalrph.com/narcotic
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any degree of hypoxaemia necessitated oxygen supplementa-

tion or ventilatory support, even without a specified level of

desaturation.14,16,17 Complications also comprised acute respi-

ratory distress syndrome, bronchospasm, new pulmonary in-

filtrates, infections or pneumonia, aspiration pneumonitis,

pleural effusion, atelectasis, cardiopulmonary oedema, and

pneumothorax, each reflecting the complexity of postoperative

pulmonary management.14,16,17 Non-POPCs were classified ac-

cording to their respective categories, such as neurological (e.g.

dizziness, drowsiness, headache), cardiovascular (e.g. brady-

cardia, tachycardia, arrhythmia, hypertension, hypotension),

abdominal (e.g. constipation, paralytic ileus, abdominal

distension), and other (e.g. itchiness, skin redness, drug reac-

tion), thus providing a comprehensive overview of all potential

postoperative complications. Nausea and vomiting were

assessed separately within the same postoperative monitoring

period. The severity of postoperative nausea and vomiting was

evaluatedusing standardised tools, namely theVisualAnalogue

Scale (VAS) and the Numerical Rating Scale (NRS). Both scales

are extensively used in clinical settings for their simplicity and

effectiveness in evaluating pain. If pain scoreswere reported on

a 100-point rating scale, theywere converted to a 10-point rating

scale for analysis. Finally, PACUandhospital lengthof stay (LOS)

were evaluated.
Study design (S)

Eligible studies for this review are prospective randomised

controlled trials (RCTs) published in the English language

involving adult surgical patients with obesity. Studies

excluded from this review include observational studies,

non-clinical research, paediatric studies, studies lacking

sufficient data or the full-text version, and non-peer-

reviewed articles.
Search strategy

The search strategy was performed using the electronic da-

tabases, including PubMed, Scopus, Web of Science, CINAHL,

and EMBASE, up until September 28, 2023. The search targeted

specific substances including paracetamol, NSAIDs, ketamine,

a-2 agonists, lidocaine, magnesium, and pregabalin/gaba-

pentin, whether used individually or in combination.3,4 A

strategic combination of Medical Subject Headings (MeSH) and

keywords was used, using Boolean operators ‘AND’ and ‘OR’ to

refine the results. To ensure comprehensive coverage, refer-

ence lists of reviewed studies were also analysed to identify

any studies potentially overlooked in the database search. The

full search methodology, including term combinations and

filters, is detailed in Supplementary material 1.
Study selection, data extraction, and data
retrieval

Titlesandabstractsofarticles identifiedthroughthe initial search

strategy were independently evaluated by two authors (ET and

FL) tosift outunrelatedarticles. Subsequently, the full texts of the

filtered studies were reviewed to check their compatibility with

the established inclusioncriteria.Dataextractionwascarriedout

independently by the same two authors (ET and FL) utilising

specially designed forms for each study. Any disagreements

encounteredduring the selectionof studies, extractionofdata, or

evaluation of trials were resolved by another author (MC) who

had not participated in the initial literature search. Additionally,
two other authors (TP and AB), who were not involved in the

initial search and data extraction stages, conducted a manual

review and assessment of each selected study to verify the

extracted data and confirm the integrity of the final dataset. For

supplementary data, corresponding authors of the included

studies were approached via e-mail.
Quality assessment and certainty of evidence
assessment

Quality assessment of the included RCTs was conducted

independently by two authors (ET and FL) using the Risk of

Bias 2 (RoB 2) tool.18 This tool evaluates potential bias across

five critical domains: the randomisation process, deviations

from the planned interventions, missing outcome data, mea-

surement of outcomes, and the selection of reported results.

For each domain, a set of ‘signalling questions’ probes for

potential bias sources. Answers to these questions feed into an

algorithm that generates a risk of bias assessment for each

domain, categorising it as ‘low’, ‘high’, or ‘some concerns’,

alongside a similar overall risk of bias assessment for the

study.18 Disagreements in these initial evaluations were

reconciled by consulting a third author (MC).

The Grading of Recommendation, Assessment, Develop-

ment, and Evaluation (GRADE) framework for network meta-

analyses was applied to gauge the certainty of evidence,

classifying it into four levels: high (4444), moderate

(444.), low (44..), or very low (4...) quality of

evidence (QoE).19 At the outset, given their RCT nature, the

Quality of Evidence (QoE) receives a high rating, which may be

downgraded for reasons including risk of bias (e.g. inadequate

blinding or allocation concealment), inconsistency (evaluated

by variance in effect estimates across studies using measures

of statistical heterogeneity such as tau [t], tau-squared [t2],

and I-squared [I2]), indirectness (e.g. when study populations,

interventions, or outcomes differ from those of primary in-

terest), imprecision (evidenced by wide 95% confidence in-

tervals [CIs] or estimates near a null effect), and publication

bias.19

Tools such as network graphs, forest plots, radar plots,

rankograms, and heat maps were used for data visualisation

and analysis, enabling an in-depth comparison of treatment

efficacy and rankings.
Statistical analysis

This network meta-analysis was performed using a fre-

quentist approach. Between the random and fixed-effects

models typically used for meta-analyses, the random-effects

model was favoured in this network meta-analysis to poten-

tially capture the variability across different studies.

Continuous outcomes were analysed by calculating the

mean difference (MD) along with its 95% CI, whereas for binary

outcomes, the odd ratios (OR) and 95% confidence intervals (CI)

were determined. In instanceswhere studies presentedmedian

values and interquartile ranges, they were converted to esti-

matedmeanand standarddeviationusingHozo’smethod.20 For

both dichotomous and continuous data, effects were computed

using the inverseevariancemethod,whichhas theadvantageof

alsoproviding results for randomeffects. For dichotomousdata,

where studies reported no events, a correction involving the

addition of 0.5 to each cell frequency was applied when calcu-

lating ORs. The analysis compared the ManteleHaenszel

method with the inverseevariance approach, revealing similar
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outcomes. The DerSimonian and Laird method underpinned

the inverseevarianceweighting to address study heterogeneity.

Heterogeneity was assessed with the I2 statistic, adopting a

significance level of P<0.1 to confirm its presence, and cate-

gorising I2 values as low (<25%), moderate (25e50%), or high

(>50%).21 To further quantify heterogeneity, t was computed

to gauge the standard deviation of effect sizes across studies,

thereby measuring variability beyond mere chance. Addi-

tionally, t2 was calculated to estimate the variance between

studies. With a limited number of studies, estimating t2

accurately posed a challenge yet was critical for interpreting

heterogeneity. Significant heterogeneity was further corrobo-

rated by the outcomes of the Q test, which aided in the inter-

pretation and application of the meta-analysis results. For

investigating publication bias, funnel plots were examined

visually, and Egger’s test for asymmetry was conducted on

analyses with 10 or more studies. A P-value of <0.1 in Egger’s

test hinted at a potential risk of publication bias, whereas a P-

value of �0.1 indicated a negligible risk.22 Sensitivity analyses

were conducted to ensure the robustness of the findings

against arbitrary or unclear decisions made during the review

process. R software version 4.3.1 (2023, R Foundation for
Identification of studies v

Records identified from:
Databases (n=12 088)
  - CINAHL: (n=442)
  - EMBASE (n=2268)
  - PubMed (n=1440)
  - Scopus (n=7282)
  - Web of Science (n=656)
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Fig 1. The PRISMA flow diagram of the study selection process.
Statistical Computing, Vienna, Austria) facilitated all analyses,

with the ‘netmeta’ package being particularly utilised for

network meta-analysis tasks. Adhering to conventional sta-

tistical norms, P-values were two-tailed, with a significance

level established at <0.05.

Results

Study selection

Of the 12 088 reports initially identified for screening in the

literature, 12 051 records were excluded because they did not

meet the inclusion criteria. Therefore, 37 RCTs involving a

total of 3602 patients were eligible for inclusion in the network

meta-analysis.23e59 No corresponding authors of the included

studies were contacted. The PRISMA flow diagram of the study

selection protocol is presented in Figure 1.
Study characteristics

The characteristics of the included RCTs23e59 are available in

Supplementary material 2. Out of the total participants, 1811

patients were allocated to control (1517 placebo or no inter-

vention and 294 to comparator), and 1791 were allocated to
ia databases and registers

Records removed before screening:
- Duplicate records removed (n=1750)
- Records withdrawn (n=12)

Records excluded:
- Non-English (n=377)
- Paediatric (n=773)
- Nonrelevant (n=7531)
- Non-clinical studies (n=970)

Reports not retrieved
(n=0)

Reports excluded:
- Non-RCT (n=382)
- Nonobese (n=147)
- No multimodal analgesia (n=47)
- Locoregional anaesthesia (n=29)
- No pain outcome (n=12)
- Wrong comparator (n=10)
- Opioid-free anaesthesia (n=11)
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treatment (135 to ibuprofen,35,40 207 to paracetamol,32,34,36,40 318

to ketamine,24,26,28,45,47,48,50,51,53,57,59 108 to ketamine plus

magnesium,47,50 361 to dexmedetomidine,23,25,33,38,44,55,57 341 to

lidocaine,29,33,46,49,52,54,55,58 110 to magnesium,41,43,56 112 to

gabapentin,30,39,42 69 to pregabalin,27,37 and30 topregabalinplus

dexmedetomidine).31 Regarding the comparison between

treatment and comparator, paracetamol was compared with

ibuprofen in 89 patients,35,40 ketamine was compared with

dexmedetomidine in 54 patients,55,57 lidocaine in 24 patients,55

ketamine plus magnesium in 57 patients,47,50 and lidocaine

was compared with dexmedetomidine in 70 patients.33,55
Risk of bias assessment

The RoB 2 assessment conducted on the included RCTs sug-

gests that these studies demonstrate either a low or unclear

risk of bias.23e59 The distribution of risk of bias evaluations

across various domains is illustrated in the weighted bar

graphs presented in Figure 2. Detailed assessments of domain-

level judgments for each study are available in Supplementary

material 3.

Overall, all studies provided information on randomisation,

but some were unclear about the randomisation process or

failed to specify allocation concealment or masking

strategies.23,24,26e28,30,38,40,48,51,53,56 Moreover, certain studies

did not specify the method for blinding operators and

participants.23,26,28,38,48,53,54 However, all studies reported

outcome data according to the study endpoint.23e59 Only one

study declared that the outcome assessor was aware of the

intervention received by the participants,26 whereas in

another study, this aspect was not clearly specified.53

The risk of reporting bias was deemed low across all stud-

ies,23e59 and outcome measurements and analyses adhered to

a prespecified plan to mitigate the potential for biased result

selection.23e59 Further elaboration on the reasons for the risk

of bias assessments is available in Supplementary material 4.
Outcomes

Network graphs illustrating the study outcomes can be found in

Supplementary material 5. However, the most representative

graphs for the study endpoints are presented in the text as

Figures 3 and 4. Forest plots for the network meta-analysis are

accessible in Supplementary material 6, showcasing the esti-

mated treatment effects along with their corresponding
Bias arising from the randomisation process
Bias owing to deviations from intended interventions

Bias owing to missing outcome data
Bias in measurement of the outcome

Bias in selection of the reported result
Overall risk of bias

0%

Fig 2. Summary plot of RoB 2 assessment for the included RCTs.
confidence intervals. Tables 1 and 2 present the results with P-

scores for all outcomes, supplemented by graphical represen-

tations in Supplementary material 7, Figures S1eS8. Addition-

ally, Supplementary material 8 contains funnel plots for the

network meta-analysis, assessing the potential presence of

publication bias. Rankograms from the network meta-analysis,

depicting the probability distribution of treatment rankings for

effectiveness across various outcomes, are available in

Supplementary material 9. Finally, Supplementary material 10

presents heat maps from the separate indirect from direct evi-

dence (SIDE) analysis, aiding in the evaluation of consistency

between direct and indirect evidence within the networkmeta-

analysis.
Postoperative opioid consumption

Opioid consumption has been evaluated at different time

points after surgery, during PACU stay,23,25,29,33,34,37,42,44,47 and

at 1 h,43,47 2 h,23,28,43,48 4 h,43,44 8 h,33,56 12 h,26,39,43 24

h,23,27e29,31,33,35,41e43,46,47,49e51,54,55,57,59 and 48 h24,33,51 after

surgery (Table 1). No evaluations for the specified outcomes

are available beyond 48 h after surgery.

Compared with placebo/no intervention or a comparator,

dexmedetomidine reduced opioid consumption during PACU

stay (Mean difference MD [95% CI]: e3.9 [e4.6 to e3.3] mg,

P<0.001, moderate Quality of Evidence (QoE)),23,25,33,44 and at 2

h (MD [95% CI]: e5.2 [e5.7 to e4.6] mg, P<0.001, high QoE),23 8 h

(MD [95% CI]: e7.8 [e8.3 to e7.3] mg, P<0.001, high QoE),33 24 h

(MD [95% CI]:e5.2 [e7.4 to e2.9] mg, P<0.001, moderate

QoE),23,33,55,57 and 48 h (MD [95% CI]: e15 mg [e18.8 to e11.1],

P<0.001, moderate QoE)33 after surgery (Table 1). Dexmedeto-

midine combined with pregabalin reduced opioid consump-

tion at 24 h (MD [95% CI]: e30.8 [e36.2 to e25.4] mg, P<0.001,
moderate QoE)31 after surgery (Table 1).

Compared with placebo/no intervention or a comparator,

lidocaine significantly reduced opioid consumption during

PACU stay (MD [95% CI]: e3.2 [e4.1 to e2.4] mg, P<0.001,
moderate QoE),29,33 and at 8 h (MD [95% CI]: e6.3 [e6.8 to e5.7]

mg, P<0.001, high QoE),33 24 h (MD [95% CI]: e6.4 [e8.7 to e4.1]

mg, P<0.001, moderate QoE),29,33,46,49,54,55 and 48 h (MD [95%

CI]: e11 [e14.8 to e7.1] mg, P<0.001, moderate QoE)33 after

surgery (Table 1).

Compared with placebo/no intervention or a comparator,

ketamine significantly reduced opioid consumption during

PACU stay (MD [95% CI]: e2 [e4.0 to e0.07] mg, P¼0.042,
25% 50% 75% 100%
Low risk Some concerns
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Table 1 Effects of i.v. nonopioid agents and adjuvants on opioid consumption. 95% CI, 95% confidence interval (mg); MD, mean dif-
ference (mg); QoE, quality of evidence. P-score: The P-score reflects the effectiveness of the treatment, with higher values indicating
greater effectiveness. It provides an effectiveness-based order of treatments. t2: Between-study variance in random-effects meta-
analysis. t: Standard deviation estimate of effect sizes in random-effects meta-analysis. I2: Measures percentage variation across
studies owing to heterogeneity; Q test: Cochran’s Q test assesses heterogeneity among study results. *Downgraded one level for
inconsistency (such as heterogeneity of estimates of effects across trials).19 zBecause of the unavailability of key heterogeneity metrics
(t2, t, I2), all reported as NA, it was not possible to assess variability between studies. Consequently, this uncertainty has to down-
grading one level of QoE for the outcome.19 ¶Downgraded one level for imprecision (e.g. 95% CIs arewide and include or are close to null
effect).19 High QoE (4444): The authors are very confident that the true effect lies close to that of the estimate of the effect. Moderate
QoE (444.): The authors are moderately confident in the effect estimate. The true effect is likely to be close to the estimate of the
effect, but there is a possibility that it is substantially different. Low QoE (44..): The authors’ confidence in the effect estimate is
limited. The true effect may be substantially different from the estimate of the effect.19

PACU stay t2¼0.2854; t¼0.5342; I2¼65.7% (30.3%e83.1%); P¼0.003 at Q test

Drug MD 95% CI P-value P-score QoE

Dexmedetomidine e3.9 (e4.6 to e3.3) <0.001 0.946 444. Moderate*
Lidocaine e3.2 (e4.1 to e2.4) <0.001 0.742 444. Moderate*
Gabapentin e2.6 (e3.9 to e1.3) <0.001 0.573 444. Moderate*
Ketamineemagnesium e2.4 (e4.4 to e0.4) 0.014 0.547 444. Moderate*
Paracetamol e2.0 (e6.2 to 2.2) 0.351 0.466 44.. Low*,¶

Ketamine e2.0 (e4.0 to e0.07) 0.042 0.437 444. Moderate*
Pregabalin e0.9 (e3.0 to 1.2) 0.410 0.228 44.. Low*,¶

Placebo e e e 0.058

1 h after surgery t2¼0; t¼0; I2¼0%; P¼1.0 at Q test

Drug MD 95% CI P-value P-score QoE

Magnesium e3.1 (e4.3 to e1.9) <0.001 0.995 4444 High
Ketamineemagnesium e1.2 (e2.3 to e0.1) 0.023 0.559 4444 High
Ketamine e1.0 (e2.0 to 0.07) 0.067 0.430 444. Moderate¶

Placebo e e e 0.015

2 h after surgery t2¼0; t¼0; I2¼0%; P¼0.379 at Q test

Drug MD 95% CI P-value P-score QoE

Dexmedetomidine e5.2 (e5.7 to e4.6) <0.001 0.999 4444 High
Ketamine e2.5 (e4.1 to e0.9) 0.002 0.574 4444 High
Magnesium e1.9 (e3.0 to e0.8) <0.001 0.425 4444 High
Placebo e e e 0.000

4 h after surgery t2¼NA; t¼NA; I2¼NA

Drug MD 95% CI P-value P-score QoE

Dexmedetomidine e6.9 (e15.4 to 1.5) 0.108 0.908 44.. Lowz,¶

Magnesium e1.9 (e3.1 to e0.7) 0.001 0.563 444. Moderatez

Placebo e e e 0.027

8 h after surgery t2¼0; t¼0; I2¼0%; P¼1.0 at Q test

Drug MD 95% CI P-value P-score QoE

Magnesium e9.5 (e12.2 to e6.8) <0.001 0.958 4444 High
Dexmedetomidine e7.8 (e8.3 to e7.3) <0.001 0.704 4444 High
Lidocaine e6.3 (e6.8 to e5.7) <0.001 0.336 4444 High
Placebo e e e 0.000

12 h after surgery t2¼NA; t¼NA; I2¼NA

Drug MD 95% CI P-value P-score QoE

Gabapentin e5.2 (e9.1 to e1.3) 0.007 0.827 444. Moderatez

Magnesium e3.8 (e5.6 to e2.1) <0.001 0.597 444. Moderatez

Ketamineeclonidine e3.8 (e5.0 to e2.5) <0.001 0.574 444. Moderatez

Placebo e e e 0.001

Continued
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24 h after surgery t2¼6.5841; t¼2.5659; I2¼86.7% (81% to 90.7%); P<0.001 at Q test

Drug MD 95% CI P-value P-score QoE

Pregabalinedexmedetomidine e30.8 (e36.2 to e25.4) <0.001 1.000 444. Moderate*
Gabapentin e12.7 (e18.1 to e7.2) <0.001 0.822 444. Moderate*
Pregabalin e11.5 (e17.8 to e5.2) <0.001 0.782 444. Moderate*
Lidocaine e6.4 (e8.7 to e4.1) <0.001 0.593 444. Moderate*
Dexmedetomidine e5.2 (e7.4 to e2.9) <0.001 0.480 444. Moderate*
Magnesium e3.4 (e7.1 to 0.3) 0.075 0.324 44.. Low*,¶

Ketamineemagnesium e2.5 (e7.2 to 2.1) 0.284 0.254 44.. Low*,¶

Ketamine e2.2 (e4.3 to e0.1) 0.038 0.217 444. Moderate*
Placebo e e e 0.024

48 h after surgery t2¼4.8553; t¼2.2035; I2¼77.1% (25.5% to 93%); P¼0.012 at Q test

Drug MD 95% CI P-value P-score QoE

Dexmedetomidine e15.0 (e18.8 to e11.1) <0.001 0.851 444. Moderate*
Ketamine e14.4 (e19.0 to e9.8) <0.001 0.765 444. Moderate*
Lidocaine e11.0 (e14.8 to e7.1) <0.001 0.382 444. Moderate*
Placebo e e e 0.000
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moderate QoE),47 and at 2 h (MD [95% CI]: e2.5 [e4.1 to e0.9]

mg, P¼0.002, high QoE),28,48 24 h (MD [95% CI]: e2.2 [e4.3 to

e0.1] mg, P¼0.038, moderate QoE),28,47,50,51,57,59 and 48 h (MD

[95% CI]: e14.4 [e19 to e9.8] mg, P<0.001, moderate QoE)24,51

after surgery (Table 1). A post hoc sensitivity analysis

excluding the esketamine study59 confirmed the benefit of

ketamine24,26,28,45,47,48,50,51,53,57 in reducing opioid consump-

tion at 24 h (Supplementary material 11). Ketamine combined

with magnesium reduced opioid consumption during PACU

stay (MD [95% CI]: e2.4 [e4.4 to e0.4] mg, P¼0.014, moderate

QoE)47 and at 1 h (MD [95% CI]: e1.2 [e2.3 to e0.1] mg, P¼0.023,

high QoE)47 after surgery (Table 1).

Compared with placebo/no intervention or a comparator,

magnesium significantly reduced opioid consumption at 1 h

(MD [95% CI]: e 3.1 [e4.3 to e1.9] mg, P<0.001, high QoE),43 2 h

(MD [95% CI]: e1.9 [e3 to e0.8] mg, P<0.001, high QoE),43 4 h

(MD [95% CI]: e1.9 [e3.1 to e0.7] mg, P¼0.001, moderate QoE),43

and 8 h (MD [95% CI]: e9.5 [e12.2 to e6.8] mg, P<0.001, high
QoE)56 after surgery (Table 1).

Compared with placebo/no intervention or a comparator,

gabapentin significantly reduced opioid consumption during

PACU stay (MD [95% CI]: e2.6 [e3.9 to e1.3] mg, P<0.001,
moderate QoE)42 and at 24 h (MD [95% CI]: e12.7 [e18.1 to e7.2]

mg, P<0.001, moderate QoE)42 after surgery (Table 1). Pre-

gabalin significantly reduced opioid consumption at 24 h (MD

[95% CI]: e11.5 [e17.8 to e5.2] mg, P<0.001, moderate QoE)27

after surgery (Table 1).

Compared with placebo/no intervention or a comparator,

no other drugs alone or in combination were shown to reduce

opioid consumption in the postoperative period.

Ibuprofen, compared with paracetamol, did not show a

significant reduction in opioid consumption at 24 h (MD [95%

CI]: e6.2 [e12.5 to 0.1] mg, P¼0.0508) after surgery.35

The P-scores are detailed in Table 1 and seen as a graph in

Supplementary material 7, Figure S1.

Table 1 details the QoE assessments. At PACU stay, 88% of

studies contributed toamoderateQoEand12% toa lowQoE.At 1

h, 60% of studies contributed to a high QoE and 40% to a mod-

erateQoE.At2h,all studies (100%)contributed toahighQoE.At4

h, the contribution was evenly split with 50% to moderate and

50% to lowQoE.At 8h, all studies contributed toahighQoE.At 12
h, 100%of studies contributed to amoderateQoE. At 24h, 83%of

studies contributed to amoderate QoE and 17% to a low QoE. At

48 h, all studies contributed to a moderate QoE.
Postoperative complications

The impact of nonopioid analgesics and adjuvants on post-

operative complications was assessed in 25

studies.23e25,27,30,32,33,35e40,42,45,47,48,50,51,53e57,59

Among postoperative pulmonary complications (POPCs),

respiratory failure was observed in 95.2% of cases

reported,24,33,35,54,59 atelectasis in 1.6%,35 pleural effusion in

1.6%,35 and pneumonia in 1.6%.32 Within the cases of respi-

ratory failure, 40.3% required oxygen therapy,59 and 16.1%

needed ventilatory support.33,35

Among non-POPCs, neurological complications were noted

in 63.7% of cases reported,24,30,35,42,45,54,56 cardiovascular

complications in 3%,56 abdominal complications in

16.3%,24,32,35,51,54 and other complications in 17%.24,35,36,40

Compared with placebo/no intervention or a comparator,

ketamine was shown to impact postoperative complications,

specifically reducing the likelihood of POPCs (OR [95% CI]: 0.37

[0.17 to 0.80], P¼0.011, moderate QoE)24,45,48,50,51,53,57,59

(Table 2). No other drugs, whether alone or in combination,

demonstrated a reduction in either POPCs or non-POPCs

(Table 2). A post hoc sensitivity analysis excluding the esket-

amine study59 did not confirm the benefit of

ketamine24,26,28,45,47,48,50,51,53,57 in reducing the likelihood of

POPCs (Supplementary material 11).

The P-scores are detailed in Table 2 and seen as graphs in

Supplementary material 7, Figures S2eS4.

The QoE for the measured outcomes is detailed in Table 2.

All studies (100%) contributed to achieving a high QoE

regarding total postoperative complications, POPCs and non-

POPCs.
Postoperative nausea

Postoperative nausea was evaluated in 19

studies.23e25,28,29,33,34,37,38,40,42,45,46,48,49,53e55,58 Ibuprofen (OR

[95% CI]: 0.09 [0.01 to 0.55], P¼0.009, moderate QoE),40
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dexmedetomidine (OR [95% CI]: 0.39 [0.21 to 0.72], P¼0.002,

moderate QoE),23,25,33,38,55 and lidocaine (OR [95% CI]: 0.48 [0.27

to 0.84], P¼0.010, moderate QoE)29,33,46,49,54,55,58 resulted in a

reduction in the incidence of postoperative nausea when

compared with placebo/no intervention or a comparator

(Table 2).
Table 2 Effects of i.v. nonopioid agents and adjuvants on postoper
interval; LOS, length of stay; MD, mean difference; OR, odds ratio;
evidence. P-score: The P-score reflects the effectiveness of the tre
provides an effectiveness-based order of treatments. t2: Between-s
viation estimate of effect sizes in random-effects meta-analysis. I2:
geneity. Q test: Cochran’s Q test assesses heterogeneity among st
heterogeneity of estimates of effects across trials).19 yAlthough a low
dence for this observation remains uncertain. This uncertainty aris
erogeneity. Despite the reported absence of between-study variance
the QoE for the outcomewas prudently downgraded one level.19 zBeca
reported as NA, it was not possible to assess variability between stud
of QoE for the outcome.19 ¶Downgraded one level for imprecision (
Moderate QoE (444.): The authors are moderately confident in t
timate of the effect, but there is a possibility that it is substantially di
estimate is limited. The true effect may be substantially different fr

Total postoperative complications t2¼1.0295; t¼1.0146; I

Drug OR 95% CI

Dexmedetomidine 0.25 (0.02e2.45)
Ibuprofen 0.32 (0.05e2.07)
Gabapentin 0.34 (0.06e1.88)
Lidocaine 0.78 (0.16e3.84)
Paracetamol 0.79 (0.18e3.44)
Ketamine 0.89 (0.24e3.25)
Placebo e e

Magnesium 4.46 (0.22e90.16)

POPCs t2¼0; t¼0; I2¼0% (0.0

Drug OR 95% CI

Dexmedetomidine 0.23 (0.04e1.30)
Ketamine 0.37 (0.17 to 0.80)
Paracetamol 0.32 (0.01e8.21)
Ibuprofen 0.36 (0.00e16.41)
Lidocaine 0.71 (0.24e2.13)
Placebo e e

Non-POPCs t2¼1.2379; t¼1.1126;

Drug OR 95% CI

Ibuprofen 0.33 (0.04e2.36)
Gabapentin 0.34 (0.05e2.11)
Paracetamol 0.88 (0.17e4.38)
Placebo e e

Lidocaine 1.50 (0.12e18.76)
Ketamine 1.59 (0.37e6.71)
Magnesium 4.46 (0.19e102.71)

Postoperative nausea t2¼0.3521; t¼0.5934;

Drug OR 95% CI

Ibuprofen 0.09 (0.01 to 0.55)
Dexmedetomidine 0.39 (0.21 to 0.72)
Lidocaine 0.48 (0.27 to 0.84)
Gabapentin 0.60 (0.09e3.74)
Paracetamol 0.71 (0.26e1.93)
Placebo e e

Ketamine 1.59 (0.74e3.41)
Pregabalin 2.66 (0.51e13.73)
The P-scores are detailed in Table 2 and seen as a graph in

Supplementary material 7, Figure S5.

The QoE for the measured outcomes is detailed in Table 2.

Regarding nausea, 55.5% of studies contributed to a moderate

QoE and 44.5% to a low QoE.
ative complications and length of stay. 95% CI, 95% confidence
POPCs, postoperative pulmonary complications; QoE, quality of
atment, with higher values indicating greater effectiveness. It
tudy variance in random-effects meta-analysis. t: Standard de-
Measures percentage variation across studies owing to hetero-
udy results. *Downgraded one level for inconsistency (such as
I2 value usually suggests low heterogeneity, the quality of evi-

es from a broad I2 CI, which hints at potential undetected het-
(t2¼0) and no variation in effect estimates (t¼0), and an I2 of 0%,
use of the unavailability of key heterogeneitymetrics (t2, t, I2), all
ies. Consequently, this uncertainty led to downgrading one level
e.g. 95% CIs are wide and include or are close to null effect).19

he effect estimate. The true effect is likely to be close to the es-
fferent. Low QoE (44..): The authors’ confidence in the effect
om the estimate of the effect.19

2¼61.4% (25.6% to 80%); P¼0.003 at Q test

P-value P-score QoE

0.235 0.775 44.. Low*,¶

0.235 0.741 44.. Low*,¶

0.216 0.723 44.. Low*,¶

0.764 0.452 44.. Low*,¶

0.757 0.439 44.. Low*,¶

0.870 0.405 44.. Low*,¶

e 0.339 e

0.329 0.122 44.. Low*,¶

% to 84.7%); P¼0.727 at Q test

P-value P-score QoE

0.097 0.735 44.. Lowy,¶

0.011 0.620 444. Moderatey

0.496 0.587 44.. Lowy,¶

0.604 0.541 44.. Lowy,¶

0.554 0.338 44.. Lowy,¶

e 0.176 e

I2¼61.1% (19.3% to 81.2%); P¼0.008 at Q test

P-value P-score QoE

0.270 0.814 44.. Low*,¶

0.248 0.798 44.. Low*,¶

0.878 0.510 44.. Low*,¶

e 0.481 e

0.749 0.384 44.. Low*,¶

0.523 0.326 44.. Low*,¶

0.350 0.184 44.. Low*,¶

I2¼48.2% (14% to 68.8%); P¼0.007 at Q test

P-value P-score QoE

0.009 0.970 444. Moderate*
0.002 0.751 444. Moderate*
0.010 0.663 444. Moderate*
0.587 0.543 44.. Low*,¶

0.510 0.486 44.. Low*,¶

e 0.332 e

0.230 0.158 44.. Low*,¶

0.240 0.094 44.. Low*,¶

Continued



Table 2 Continued

Postoperative vomiting t2¼0; t¼0; I2¼0% (0.0% to 52.3%); P¼0.601 at Q test

Drug OR 95% CI P-value P-score QoE

Pregabalinedexmedetomidine 0.06 (0.00 to 0.58) 0.014 0.945 444. Moderatey

Dexmedetomidine 0.26 (0.13 to 0.51) <0.001 0.787 444. Moderatey

Lidocaine 0.32 (0.19 to 0.55) <0.001 0.703 444. Moderatey

Gabapentin 0.30 (0.02e3.15) 0.319 0.686 44.. Lowy,¶

Ibuprofen 0.58 (0.19e1.76) 0.344 0.542 44.. Lowy,¶

Placebo e e e 0.382 e

Paracetamol 1.53 (0.71e3.27) 0.296 0.240 44.. Lowy,¶

Pregabalin 2.25 (0.50e9.99) 0.286 0.183 44.. Lowy,¶

Ketamine 5.48 (1.77 to 16.89) 0.003 0.028 444. Moderatey

PACU LOS (min) t2¼0; t¼0; I2¼0% (0.0% to 79.2%); P¼0.628 at Q test

Drug MD 95% CI P-value P-score QoE

Dexmedetomidine e20.8 (e31.5 to e10.2) <0.001 0.977 444. Moderatey

Pregabalin e6.0 (e24.7 to 12.7) 0.529 0.556 44.. Lowy,¶

Gabapentin e1.4 (e10.7 to 7.9) 0.770 0.392 44.. Lowy,¶

Placebo e e e 0.295 e

Lidocaine 0.05 (e1.2 to 1.3) 0.938 0.278 44.. Lowy,¶

Hospital LOS (days) t2¼0.0035; t¼0.0594; I2¼8.8% (0.0% to 46.9%); P¼0.357 at Q test

Drug MD 95% CI P-value P-score QoE

Paracetamol e0.2 (e0.4 to e0.02) 0.032 0.837 444. Moderate*
Lidocaine e0.1 (e0.3 to e0.04) 0.011 0.756 444. Moderate*
Ibuprofen e0.1 (e6.4 to 6.1) 0.969 0.510 44.. Low*,¶

Placebo e e e 0.441 e

Ketamine 0.06 (e0.1 to 0.2) 0.435 0.306 44.. Low*,¶

Dexmedetomidine 0.1 (e0.07 to 0.4) 0.165 0.147 44.. Low*,¶
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Postoperative vomiting

Postoperative vomiting was evaluated in 17

studies.23,25,28,29,31,33,34,37,38,40,42,46,48,49,54,55,58 Dexmedetomi-

dine, alone (OR [95% CI]: 0.26 [0.13 to 0.51], P<0.001, moderate

QoE)23,25,33,38,55 or combined with pregabalin (OR [95% CI]: 0.06

[0.00 to 0.58], P¼0.014, moderate QoE),31 and lidocaine (OR [95%

CI]: 0.32 [0.19 to 0.55], P<0.001, moderate QoE)29,33,46,49,54,55,58

resulted in a reduction in the incidence of postoperative

vomiting compared with placebo/no intervention or a

comparator. Ketamine (OR [95% CI]: 5.48 [1.77 to 16.89],

P¼0.003, moderate QoE)28,48,55 resulted in an increase in the

incidence of postoperative vomiting compared with placebo/

no intervention or a comparator (Table 2).

The P-scores are detailed in Table 2 and seen as a graph in

Supplementary material 7, Figure S6.

The QoE for the measured outcomes is detailed in Table 2.

Regarding vomiting, 74% of studies contributed to a moderate

QoE and 26% to a low QoE.
PACU and hospital length of stay (LOS)

The PACU LOS was evaluated in six studies.25,37,42,44,52,54

Compared with placebo/no intervention or a comparator,

only dexmedetomidine (MD [CI]: e20.8 [e31.5 to e10.2] min,

P<0.001, moderate QoE)25,44 decreased PACU LOS (Table 2).

The hospital LOS was evaluated in 14

studies.25,29,34e37,45,49,51e55,59 Compared with placebo/no

intervention or a comparator, both paracetamol (MD [95% CI]:

e0.2 [e0.4 to e0.02] days, P¼0.032, moderate QoE)34e36 and

lidocaine (MD [95% CI]: e0.1 [e0.3 to e0.04] days, P¼0.011,

moderate QoE)29,49,52,54,55 decreased the LOS (Table 2). These
results were confirmed in a post hoc sensitivity analysis

excluding the esketamine study59 from the ketamine

studies24,26,28,45,47,48,50,51,53,57(Supplementary material 11).

The P-scores are detailed in Table 2 and seen as graphs in

Supplementary material 7, Figures S7 and S8.

The QoE for the measured outcomes is detailed in Table 2.

Regarding PACU LOS, 50% of studies contributed to moderate

QoE and 50% to low QoE. Regarding hospital LOS, 75% of

studies contributed to moderate QoE and 25% to low QoE.
Discussion

Our systematic review and network meta-analysis demon-

strates that i.v. nonopioid analgesics and adjuvants, when

utilised within a multimodal anaesthesia framework, mark-

edly decrease opioid use and minimise side effects and com-

plications after surgery in adult patients with obesity.

Dexmedetomidine, especially when combined with pre-

gabalin, and also ketamine, lidocaine, magnesium, and oral

gabapentinoids significantly reduced postoperative opioid use

up to 48 h after surgery. Ketamine/esketamine effectively

reduced the risk of postoperative pulmonary complications

(POPCs). Additionally, ibuprofen, dexmedetomidine, and lido-

caine substantially lowered the incidence of postoperative

nausea and vomiting. Dexmedetomidine decreased the dura-

tion of PACU length of stay (LOS), whereas both paracetamol

and lidocaine reduced the overall hospital LOS.

Several meta-analyses have demonstrated the effective-

ness of NSAIDs,60 paracetamol,61 ketamine,62 dexmedetomi-

dine,63,64 clonidine,65 lidocaine,66 and magnesium,67,68 in

providing pain relief compared with control, although the
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efficacy of magnesium in patients with obesity remains un-

clear, as it was not statistically significant in a meta-analysis

of few RCTs (P¼0.0905).69 Preoperative oral gabapentinoids

have also shown effectiveness.70 When administered as part

of a multimodal analgesia approach, these medications

enhance pain relief and improve recovery quality in patients

with obesity undergoing surgery.4 However, effective pain re-

lief does not automatically lead to a reduction in opioid con-

sumption.9 Individually, only paracetamol,61 ketamine,56

dexmedetomidine,63,64 and lidocaine66 have been noted to

reduce opioid consumption in patients with obesity. Clonidine

has been reported to impact overall analgesic consumption.65

Although the reduction of opioid consumption by NSAIDs71

and magnesium67,68 is well-documented in the general pa-

tient population, this study uniquely highlights the benefits of

magnesium in patients with obesity, but lacks specific data to

confirm a significant impact of NSAIDs on opioid consumption

in this subgroup of patients.

Opioids modulate pain primarily by binding to receptors in

the brain and spinal cord, reducing pain perception and

emotional response.3 Nonopioid analgesics and adjuvants,

however, act on various targets within the nociceptive system

to decrease pain and opioid reliance.3,72 These combined ac-

tions effectively reduce overall pain and postoperative opioid

requirements.3,72 Differences in reducing opioid consumption

among nonopioid analgesics and adjuvants may also be

attributed to variations in the duration of effect, largely

dependent on the pharmacokinetic properties and mecha-

nisms within the nociceptive system for controlling post-

operative pain. Dexmedetomidine, with a half-life of 2e3

h,63,64 and clonidine, with a half-life of 8e12 h,65 may show

different timing effects on pain relief.4 However, dexmedeto-

midine’s neuroprotective properties could extend its analgesic

effects beyond the early postoperative period,73 benefiting

patients with chronic pain unresponsive to opioids.74 Keta-

mine significantly impacts pain relief within the first 12 h after

surgery62,75 and offers modest benefits thereafter,4 even if, in

adult surgical patients, the use of ketamine/esketamine in the

perioperative period is associated with improved early sub-

jective quality of recovery, reduced pain severity, and fewer

psychological symptoms without an increased likelihood of

adverse events.59,62 Because of the lack of recent trials directly

comparing i.v. racemic ketamine and esketamine in clinical

anaesthesia and analgesia, the evidence for the superior

antinociceptive efficacy of either drug remains inconsistent.76

However, ketamine also provides dose-dependent antide-

pressant effects that appear within hours and last 4e7

days.77,78 Any form of ketamine is effective and safe for

treating depression, showing improved response and remis-

sion and reduced depression severity compared with pla-

cebo.79 Racemic ketamine, however, appears to be more

efficacious than esketamine.80 In a general patient population,

ketamine effectively reduces anxiety and depression within 3

days after surgery, alleviating negative mood states and

enhancing pain tolerance.81 In patients with obesity, these

agents significantly improve the comprehensive evaluation of

pain, particularly the affective component of pain, during the

postoperative period.4,45 Lidocaine infusion not only benefits

acute nociceptive pain, but also demonstrates potential in

treating neuropathic conditions, providing long-term relief for

patients with chronic pain,82 and benefiting patients with

obesity with both acute and chronic inflammatory pain.4 The

positive analgesic effects of systemic magnesium in dimin-

ishing postoperative pain among general surgical patients67,68
and in patients with obesity4 may justify its effect on opioid

consumption within 8-h postoperative period. Oral gaba-

pentinoids significantly reduce pain scores within the first 4 h

after surgery, extending the benefit over the subsequent 4 h,70

a trend also observed in patients with obesity.4 This effect

likely diminishes as time progresses owing to peak plasma

concentrations occurring 1e3 h after intake and an elimina-

tion half-life of 5e9 h.83 However, other mechanisms not

directly related to neurotransmitter release at the dorsal horn,

such as inhibition of descending serotonergic facilitation,

stimulation of descending inhibition, anti-inflammatory ac-

tions, and influence on the affective component of pain, may

explain the observed reduction in opioid consumption on the

first postoperative day.72

Opioids suppress respiration by acting on the brainstem

and carotid bodies, reducing the ventilatory response to

hypoxaemia and hypercapnia and increasing the risk of res-

piratory complications after surgery.84 This risk is particularly

high in patients with pulmonary or cardiac conditions

(increased risks of 2.27-fold and 1.79-fold, respectively) and

obesity.5 In patients with OSA, opioids reduce arousal re-

sponses essential for airway maintenance, substantially

increasing the likelihood of respiratory depression and

adverse respiratory events.5,84 General anaesthesia com-

pounds these risks by promoting upper airway obstruction.7

However, ketamine, particularly in low doses, minimally af-

fects central respiratory drive and may improve airway

collapsibility and ventilatory carbon dioxide sensitivity, thus

potentially reducing opioid-induced respiratory depression.85

In the general patient population, opioid-free analgesia

significantly reduces the risk of non-POPCs, such as nausea and

vomiting,8 which are particularly prevalent in patients affected

by obesity, with an estimated incidence of 21%.60 Additionally,

opioid-free analgesia can help to significantly mitigate symp-

toms such as constipation, dizziness, and drowsiness.8 Post-

operative pain (OR 2.20) and opioid consumption (OR 2.22) are

significant risk factors for postoperative nausea and vomiting

in patients with obesity.86 Thus, it is reasonable that NSAIDs,

lidocaine, and a-2 agonists, alone or in combination with oral

gabapentinoids, reduce the incidence risk of nausea and

vomiting through their analgesic and sedative proper-

ties.4,60,63e65 In the general population of patients, dexmede-

tomidine significantly reduces the risk of postoperative nausea

and vomiting compared with placebo (OR 0.56),87 with consis-

tent benefits observed also in patients with obesity88 and

confirmed by meta-regression across varying levels of periop-

erative care.89 Lidocaine reduces nausea (but not vomiting)

(relative risk 0.78) when administered in the first 72 h after

surgery.90 Although ketamine improves recovery quality in the

general population,81 it does not decrease the incidence of

postoperative nausea and vomiting in high-risk patients and

may exacerbate the severity of nausea.91

The use of i.v. nonopioid analgesics and adjuvants, such as

ketamine, a-2 agonists (notably dexmedetomidine), and lido-

caine, has shown to significantly enhance recovery quality

compared with placebo or other interventions.4 Emphasising

multimodal analgesia, which includes these agents as part of

opioid-sparing strategies, can greatly improve postoperative

pain relief4 and reduce opioid consumption and complica-

tions, as observed in this study. This approach is highly rec-

ommended in the perioperative care of patients with

obesity,1,6 particularly for those enrolled in enhanced recovery

programmes after surgery, which aim to optimise recovery

outcomes and reduce hospital LOS.1,11,92
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Strengths and limitations of the study

This ground-breaking network meta-analysis highlights the

effectiveness of nonopioid i.v. analgesics and adjuvants in

managing postoperative pain in patients with obesity. It un-

derscores the importance of adopting multimodal analgesia

strategies in clinical practice to reduce opioid consumption

and improve postoperative outcomes. The study also empha-

sises the benefits of conducting an exhaustive literature re-

view, which significantly reduces the risk of overlooking

pivotal studies and ensures a robust dataset for analysis. Uti-

lising a sophisticated network meta-analysis, it offers broader

comparative insights than traditional methods that evaluate

treatments in isolation. The research meticulously selects

trials, focusing exclusively on RCTs of adults with obesity

undergoing surgery, thus ensuring that the findings are highly

relevant and directly applicable to this specific patient group.

This targeted approach enhances the clarity and relevance of

the results, providing a solid foundation for the conclusions

drawn. Additionally, the integration of the GRADE assessment

into our analysis represents a major strength of this research.

This systematic method offers a precise evaluation of evi-

dence certainty, thereby enhancing the reliability and appli-

cability of the findings. By rigorously implementing the GRADE

framework, the study offers readers a transparent view of the

confidence level in the conclusions, aligning with best prac-

tices in evidence-based healthcare.

Several limitations are acknowledged in this study. Most of

the RCTs analysed were conducted in single-centre settings,

which might restrict the broader applicability of our findings to

different clinical environments. There was also an uneven

representation of evidence for various interventions,with some

treatments less frequently studied. This uneven representation

can impact the robustness and generalisability of our findings

for these specific treatments. There is a need for more well-

designed RCTs to strengthen the evidence base for these less

frequently studied treatments, and a cautious interpretation of

results for interventions with limited data is emphasised.

Additionally, not all treatments were assessed at each time

point in our analysis, potentially affecting the depth and reli-

ability of our results. Significant heterogeneity among the RCTs

could compromise their comparative effectiveness evaluation,

with unexplored causes of this variance possibly limiting the

understanding of the results. Important factors such as psy-

chological aspects and pre-surgery chronic pain management

were not considered, possibly affecting the accuracy of our

conclusions regarding pain sensitivity. This research focused

solely on the i.v. nonopioid analgesics and adjuvants discussed

in the rationale for multimodal general anesthesia,3 excluding

drugs such as cyclooxygenase-2 inhibitors, nefopam, meta-

mizole, and corticosteroids. Dexamethasone, however, has

shown significant antiemetic effects without a morphine-

sparing effect in the general population.93 Although not

included in our analysis, locoregional anaesthesia is a valuable

strategy for reducing opioid consumption in patients with

obesity.10 Further investigation into the efficacy and safety of

these drugs and locoregional strategies in patients with obesity

could expand our knowledge of pain management. The study

also did not explore the effects of drug dosage variations. In

patients with obesity, physiological and anthropometric

changes may significantly influence the pharmacokinetics of

many drugs, necessitating precise dosing adjustments.1

Although nonopioid analgesics and paracetamol typically do
not require weight adjustments, and guidelines for drugs such

as gabapentinoids and magnesium remain unclear, drugs such

as ketamine, a-2 agonists, and lidocaine do require weight-

based dosing to be effective and safe.1,94 Addressing these is-

sues in future research could greatly enhance our understand-

ing of pain management’s effectiveness and the impact of

various interventions in postoperative care. This study hasused

various definitions of POPCs, which may be perceived as a lim-

itation against the backdrop of the new consensus-based stan-

dards.95 As numerous RCTs were conducted before the

establishment of this consensus,95 exact conformity was not

possible. Nonetheless, the influence of those events not covered

by the new criteria is negligible in our analysis, and the study

endorses the adoption of these updated, stringent POPCs defi-

nitions in future research. Excluding non-RCTs, conference

proceedings, and grey literature may increase the risk of publi-

cation bias, despite the clear advantages of focusing on peer-

reviewed studies.

In conclusion, this systematic review and network meta-

analysis confirms the effectiveness of nonopioid analgesics

and adjuvants within a multimodal anaesthesia framework

for patients with obesity. These agents, notably dexmedeto-

midine, ketamine, lidocaine, magnesium, and oral gaba-

pentinoids, significantly reduced opioid use and minimised

side effects such as postoperative nausea and vomiting.

Additionally, the use of ketamine/esketamine lowered the risk

of postoperative pulmonary complications, whereas dexme-

detomidine and lidocaine decreased PACU and hospital stays.

These findings support the adoption of nonopioid strategies to

improve postoperative outcomes and reduce healthcare costs

in obesity-related surgeries.
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