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ReviewArticle

Association betweenglucagon-like peptide-1 receptor
agonist use andperi-operative pulmonary aspiration:
a systematic reviewandmeta-analysis

Jasmin Elkin, Siddharth Rele, Priya Sumithran,MichaelHii, Sharmala Thuraisingam,
TimSpelman, TuongPhan, Peter Choong,MichelleDowsey andCadeShadbolt

Summary
Introduction Glucagon-like peptide-1 receptor agonists are known to delay gastric emptying; however, the
association between glucagon-like peptide-1 receptor agonist use and peri-operative pulmonary aspiration
risk is not known. This systematic review and meta-analysis aimed to summarise the evidence on whether
glucagon-like peptide-1 receptor agonist exposure is associated with pulmonary aspiration or increased
residual gastric content in fasted patients undergoing procedures requiring anaesthesia or sedation.
Methods We searched six databases for studies assessing peri-operative pulmonary aspiration or residual
gastric contents in fasted patients or volunteers who were using any form of glucagon-like peptide-1 receptor
agonist. Pooled odds ratios were estimated for each outcome using random effects meta-analysis. Certainty of
evidence for each outcomewas assessed using theGRADE framework.
Results Of 9010 screened studies, 28 observational studies were included. In a meta-analysis of nine studies
involving 185,414 patients and 471 cases of pulmonary aspiration, glucagon-like peptide-1 receptor agonist
exposure was not associated with pulmonary aspiration (OR 1.04, 95%CI 0.87–1.25, low certainty of evidence).
In a meta-analysis of 18 studies involving 165,522 patients and 3831 cases of residual gastric contents,
glucagon-like peptide-1 receptor agonist exposure was associated with an increased risk of residual gastric
contents despite appropriate fasting (odds ratio 5.96, 95%CI 3.96–8.98, low certainty of evidence). In a
meta-analysis of five studies involving 1706 patients and 208 cases of residual gastric contents, withholding at
least one dose of glucagon-like peptide-1 receptor agonist before a procedure was associated with lower odds
of residual gastric contents (odds ratio 0.51, 95%CI 0.33–0.81, very low certainty of evidence).
Discussion Patients using glucagon-like peptide-1 receptor agonists are at increased risk of presenting for
anaesthesia with residual gastric contents, though the available evidence does not indicate that this translates
to an increased risk of pulmonary aspiration.
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Introduction
Glucagon-like peptide-1 receptor agonists (GLP-1 RAs) are

used widely for the management of obesity and type 2

diabetes [1]. This group of drugs slows the rate of

post-prandial gastric emptying [2–4] and there have been

recent case reports of patients who are taking these drugs

before surgery having pulmonary aspiration or increased

residual gastric contents despite appropriate fasting [5–14].

This has led various professional organisations to

acknowledge that patients taking these drugs may be at an

increased risk of pulmonary aspiration or regurgitation

during the peri-operative period [15–18]. In response,

safety-related warnings regarding pulmonary aspiration

risks in patients undergoing elective procedures were

added to GLP-1 RA labels in November 2024 [19]. A further

safety update was issued by the Medicines and Healthcare

products Regulatory Agency in January 2025, emphasising

thewidespread nature of these concerns [20].

Currently, multi-societal consensus statements across

the UK, USA and Australia support a shared

decision-making approach for minimising risk among

patients using GLP-1 RAs [18, 21, 22]. However, there

remains variation in the specific interventions

recommended in these consensus statements. Some

professional bodies recommend considering withholding

GLP-1 RAs before surgery but emphasise that there is

limited evidence available about the effectiveness of this

strategy [16, 21–23]. Moreover, concerns have been raised

about the risks associated with requiring an extended

period of withdrawal, which may result in worsening

glycaemic control among patients managing type 2

diabetes [18, 21, 24, 25]. Alternative strategies, including

changing pre-operative fasting guidance, using prokinetic

drugs and implementing routine point-of-care ultrasound to

mitigate risk, have been suggested, but their effectiveness

also remains uncertain [21, 26].

Previous systematic reviews have examined the risk of

pulmonary aspiration or residual gastric contents among

patients using GLP-1 RAs, but they have been limited to

patients undergoing endoscopic procedures [27–29] or

those temporarily exposed to GLP-1 RAs during

the immediate peri-operative period [30]. To address

uncertainty, this systematic review aimed to summarise the

available evidence on whether GLP-1 RA exposure is

associated with pulmonary aspiration or increased residual

gastric contents in fasted patients undergoing procedures

requiring anaesthesia or sedation. This review also aimed to

synthesise the evidence on whether withholding GLP-1 RAs

is associated with reductions in the risk of pulmonary

aspiration or the presence of residual gastric contents in

fasted patients.

Methods
We conducted a systematic review and meta-analysis and

reported it according to the PRISMA statement and

meta-analyses of observational studies in epidemiology

(MOOSE) reporting guidelines [31, 32]. Deviations and

clarifications to the initial protocol are shown in online

Supporting Information Table S1.

We searched MEDLINE, Embase, Web of Science and

Cochrane Central on 19 March 2024 and updated this

search on 13 January 2025 (online Supporting Information

Appendix S1). The search was limited to studies published

from 2005 onwards, as this was the year of the first approval

of a GLP-1 RA by the US Food and Drug Administration. The

clinicaltrials.gov and World Health Organisation registries

were searched on the same dates for information on

unpublished or ongoing studies. Forward and backwards

citation tracking of included studies was last updated on 14

January 2025 using an automated online platform that has

beendescribed previously [33].

Randomised controlled trials and observational studies

were included if they reported on the association between

pre-operative GLP-1 RA use and the risk of pulmonary

aspiration in fasted patients undergoing anaesthesia or

procedural sedation, or residual gastric contents in fasted

patients undergoing procedures requiring anaesthesia or

procedural sedation, or in healthy volunteers who had

fasted for at least 6 h from solid foods and at least 2 h from

clear liquids, in accordance with standard pre-operative

fasting requirements [34].

Studies were not included if fasting duration was not

reported, except for studies involving elective procedures

where fasting was assumed to be a requirement. We did not

include studies which measured post-prandial gastric

emptying rate (e.g. scintigraphy) rather than residual

gastric content in the fasted state, and studies where the

GLP-1 RA was commenced in the immediate peri-operative

period (i.e. within 14 days before the procedure or outcome

measurement). Non-English studies and conference

abstracts were not included. When multiple studies were

derived fromoverlapping samples, each studywas included

in the narrative summary, though only the study with the

lowest risk of bias across all six domains was included in

pooled estimates. When the same study was reported

across multiple publications, only the most recent

publication was included. Ongoing or completed studies

without published results were identified during screening

© 2025 The Author(s).Anaesthesiapublished by JohnWiley & Sons Ltd on behalf of Association of Anaesthetists. 847

Elkin et al. | GLP-1 receptor agonists and peri-operative aspiration risk Anaesthesia 2025, 80, 846–858

 13652044, 2025, 7, D
ow

nloaded from
 https://associationofanaesthetists-publications.onlinelibrary.w

iley.com
/doi/10.1111/anae.16601 by N

ational H
ealth A

nd M
edical R

esearch C
ouncil, W

iley O
nline L

ibrary on [27/11/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

http://clinicaltrials.gov


but not included in the quantitative synthesis. Studies were

screened independently and in duplicate by two authors (JE

and SR) using the Covidence systematic review software

(Covidence, Melbourne, VIC, Australia), with disagreements

adjudicated by a third author. Reasons for not including

studies were reported, and study authors were contacted to

provide further information if eligibility was unclear.

Pulmonary aspiration included direct measures of

peri-operative pulmonary aspiration or postoperative

respiratory complications that were directly attributed to

aspiration (e.g. aspiration pneumonitis). Estimates based on

pulmonary complications more generally did not meet this

outcome definition. While the inclusion of pulmonary

complications that were not explicitly linked to

pulmonary aspiration may have provided additional

capture of sub-clinical cases of aspiration, the value of such

a broad definition as a surrogate for aspiration risk has not

been established. Residual gastric content included gastric

residue identified via direct visualisation during endoscopy

of the upper gastrointestinal tract or gastric contents

identified via ultrasound. Individual outcome definitions as

described by the study authors are presented in online

Supporting Information Tables S2 and S3.

Trial characteristics and outcome data were extracted

independently and in duplicate by two authors (JE and CS),

with disagreements adjudicated by a third author, using a

structured data extraction template. Adjusted odds ratios

(OR) were the preferred effect estimates included in the

meta-analyses of both outcomes. For estimates relating to

aspiration, adjusted measures of relative risk (RR) were

treated as adjusted ORs, as odds approximate risk for low

event rates [35]. When adjusted estimates were not

reported, unadjusted ORs were calculated from the

reported number of aspiration events in patients with and

Records identified from:

Embase (n = 3675)

Web of Science (n = 1687)

MEDLINE (n = 1395)

CENTRAL (n = 852)

Clinicaltrials.gov (n = 33)

WHO (n = 19)

Citation searching (n = 1349)

Records removed before screening:

Duplicate records removed  (n = 4101)

Records screened

(n = 4909)

Records excluded

(n = 4548)

Reports sought for retrieval

(n = 361)

Reports not retrieved

(n = 2)

Reports assessed for eligibility

(n = 359)

Studies included in review

(n = 28)

Identification of studies via databases and registers

Id
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Reports excluded (n = 331):

No relevant outcomes (n = 133)

Conference abstract (n = 44)

Wrong study design (n = 41)

Non-fasted patients (n = 26)

No GLP-1 RAs (n = 21)

Short-term exposure to GLP-1 RA (n = 20)

Duplicate record (n = 17)

Studies without published results (n = 16)

Wrong comparator (n = 10)

Non-English studies (n = 2)

Preliminary results (n=1)

Figure 1 Study flowdiagram.GLP-1 RA, glucagon-like peptide-1 receptor agonist.
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without GLP-1 RA exposure. For studies with no events in at

least one group, we added a continuity correction value to

both groups that was inversely proportional to the sample

size of the other study group [35, 36]. For estimates relating

to residual gastric contents, adjusted RRs were not treated

as analogous to ORs, as this is a more common outcome.

Study authors were contacted to provide adjusted ORs if

multivariable analyses were reported alongside other

measures of effect (online Supporting Information

Table S4). When adjusted ORs could not be obtained,

unadjusted ORs were calculated directly from the reported

number of patients with residual gastric contents in exposed

and unexposedgroups.

Risk of bias assessment was conducted independently

and in duplicate by two authors (JE and CS) for each effect

estimate rather than once per study [37], with

disagreements adjudicated by a third author. For studies

examining the association between pre-operative GLP-1

RA exposure compared with no exposure and the risk of

pulmonary aspiration or residual gastric contents, we used

a modified quality in prognosis studies tool [38, 39]. For

estimates of the association between withholding at least

one dose of GLP-1 RA and the study outcomes, we used

the ROBINS-I tool. In line with ROBINS-I recommendations,

studies judged to be at critical risk of bias were not

included in the meta-analyses [40]. For each of the

included studies, bias due to confounding was evaluated

by consideration of adjustment for important variables,

including age; sex; BMI; diabetes; ASA physical status;

drugs associated with delaying gastric emptying; and

comorbidities.

Effect estimates for pulmonary aspiration and residual

gastric contents were pooled separately. Pooled odds ratios

and 95%CI were calculated via random effect meta-analysis

using the restricted maximum likelihood heterogeneity

variance estimator [41, 42]. Heterogeneity was assessed by

estimating the I2 statistic. Funnel plots were assessed

visually for evidence of small study bias, and the robustness

of estimates to worst-case publication bias was assessed by

conducting meta-analyses of only non-affirmative studies

(i.e. studies with confidence intervals that overlap the null

value) [43]. Overall certainty of evidence for each pooled

Table 1 Characteristics of included studies. Values are number.

Pulmonary aspiration Residual gastric content
n = 11 n = 20

Country

Brazil 1 4

Canada 1 0

Israel 0 1

Japan 0 1

USA 9 14

Population

OGD 6 15

OGDand/or colonoscopy 1 0

Mixedendoscopy procedures 1 1

Mixed surgical procedures 2 2

Total knee arthroplasty 1 0

Healthy volunteers 0 2

Data collection

Prospective 0 5

Retrospective 11 15

Exposure type

AnyGLP-1 RA 9 14

Once-weeklyGLP-1 RAonly 0 1

Once-weekly semaglutide 2 3

Once-daily or once-weekly semaglutide 0 2

GLP-1RA for diabetes only 4 2

Assessed time since last dose 0 5

OGD, oesophagogastroduodenoscopy;GLP-1 RA, glucagon-like peptide-1 receptor agonist.
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estimate was evaluated in line with the non-contextualised

approach of the GRADE recommendations, which accounts

for risk of bias; inconsistency; indirectness; imprecision; and

publication bias [44]. All statistical analyses were performed

using the meta, metafor and PublicationBias packages in R

statistical software (Version 4.3.2, R Core Team, Vienna,

Austria) [45, 46].

Two prespecified subgroup analyses were performed

according to the type of GLP-1 RA (i.e. studies limited to

once-weekly formulations vs. studies not limited to

once-weekly formulations) and indication for GLP-1 RA (i.e.

studies limited to patients with diabetes vs. studies not

limited to patients with diabetes). We performed a post hoc

subgroup analysis comparing studies limited to patients

Figure 2 Forest plots for (a) pulmonary aspiration; (b) residual gastric content; and (c) withholdingGLP-1 RAs and residual
gastric contents. Dark blue boxes represent individual study odds ratios. The size of the boxes is proportional to studyweight;
whiskers represent the confidence intervals; light blue diamonds represent the overall pooled odds ratio and 95%CI; dotted
vertical lines indicate pooled odds ratios. Event rates were not reported byWelk 2024 for pulmonary aspiration, and Bi 2021 and
Korlipara 2024 for residual gastric content. GLP-1 RA, glucagon-like peptide-1 receptor agonist.

850 © 2025 TheAuthor(s).Anaesthesiapublished by JohnWiley & Sons Ltd on behalf of Association of Anaesthetists.
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undergoing oesophagogastroduodenoscopy with all other

studies to examine whether the absence of association

between GLP-1 RA exposure and pulmonary aspiration

could be explained by altered intra-operative management

following direct visualisation of residual gastric contents.

We also performed a post hoc analysis comparing studies

limited to healthy volunteers with all other studies. To

examine the extent to which ourmain analysis was impacted

by varying degrees and methods of adjustment, we

performed a post hoc sensitivity analysis by pooling

unadjusted estimates from studies included in our main

meta-analyses.

Results
The literature search identified 9010 records (Fig. 1) from

which 28 observational studies involving 466,373 patients

were included in the meta-analysis (online Supporting

Information Table S5). Sixteen studies that were ongoing or

completed without published results at the time of the final

search are summarised in online Supporting Information

Table S6.

Eleven retrospective studies assessed pulmonary

aspiration in 335,876 patients (Table 1), with a median (IQR

[range]) number of patients per study of 29,526

(3391–39,268 [192–118,646]). Pulmonary aspiration events

were identified from electronic medical records or

administrative claims data (online Supporting Information

Table S2). Of three studies examining patients undergoing

similar procedures from the same administrative database

[47–49], only onewas included in themeta-analysis.

Nine studies were included in the meta-analysis for

pulmonary aspiration (Fig. 2). These examined 185,414

patients, of which 471 cases of pulmonary aspiration were

identified (Table 2). Pre-operative exposure to GLP-1 RAs

was not associatedwith pulmonary aspiration (OR 1.04, 95%

CI 0.87–1.25). Evaluation of indirectness suggested

potential concerns due to a large proportion of studies

restricted to endoscopic procedures or patients with

diabetes (Table 2). Visual inspection of funnel plot

asymmetry did not indicate small study effects (online

Supporting Information Figure S1). Sensitivity analysis

restricted to non-affirmative studies was not performed due

to an absence of affirmative studies. Subgroup analysis of

studies limited to healthy volunteers was not performed due

to an absence of studies restricted to this population. All

other subgroup analyses were consistent with the primary

analysis (online Supporting Information Figures S2–S4).

Overall risk of bias wasmoderate to high (online Supporting

Information Table S7). For most studies, bias was largely

attributed to incomplete adjustment for important

prespecified confounders (online Supporting Information

Table S8). Among the six studies that adjusted for potential

confounders, most accounted for age; sex; and diabetes,

but adjustment for BMI; ASA physical status; drugs; and

comorbidities was inconsistent across studies. Despite this,

sensitivity analysis of unadjusted ORs was consistent with

the primary analysis (online Supporting Information

Figure S5). Overall certainty of evidencewas low (Table 2).

Twenty studies, including 166,966 patients, assessed

residual gastric content (Table 1), with a median (IQR

[range]) number of patients per study of 346 (188–1058

[20–120,879]). Residual gastric contents were identified via

retrospective review of patient medical records for 15

studies involving endoscopic procedures, with the

remaining five studies having measured residual gastric

content prospectively using gastric ultrasound (online

Supporting Information Table S3).

Eighteen studies were included in the meta-analysis for

residual gastric content (Fig. 2). These examined 165,522

patients, of which 3831 had residual gastric contents

(Table 2). Pre-operative GLP-1 RA exposure was associated

with higher odds of residual gastric contents (OR 5.96, 95%

CI 3.96–8.98); however, this estimate was impacted by

substantial heterogeneity (Fig. 2). Although our certainty of

evidence was increased due to the large effect, evaluation

of indirectness suggested potential concerns due to a large

proportion of studies restricted to endoscopic procedures

(Table 2). Visual inspection of funnel plot asymmetry

indicated that small study effects may have inflated this

estimate (online Supporting Information Figure S6), though

a sensitivity analysis restricted to non-affirmative studies

indicated that our pooled estimate was robust to even

worse-case publication bias (OR 3.38, 95%CI 1.49–7.68)

(online Supporting Information Figures S7 and S8).

Subgroup analysis indicated that GLP-1 RA exposure had a

stronger association with residual gastric content in studies

of patients who had not undergone an upper

gastrointestinal endoscopic procedure compared with

studies in other populations (online Supporting Information

Figure S9). Despite this, both subgroups showed a large

effect in the same direction. A stronger association with

residual gastric contents was also found in the subgroup

analysis of studies of healthy volunteers compared with

other populations. However, the subgroup of healthy

volunteers only included two small studies (online

Supporting Information Figure S10). No other subgroup

effects were identified (online Supporting Information

Figures S11 and S12). Overall risk of bias was predominantly

high (online Supporting Information Table S9). For most

studies, bias was largely attributed to high concerns with
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study participation, outcomemeasurement and incomplete

adjustment for important prespecified confounders (online

Supporting Information Table S10). Among the 13 studies

that adjusted for potential confounders, most accounted for

age; sex; and diabetes, but adjustment for BMI; ASA

physical status; drugs; and comorbidities was inconsistent.

Despite this, sensitivity analysis of unadjusted ORs was

consistent with the primary analysis (online Supporting

Information Figure S13). Overall certainty of evidence was

low (Table 2).

Five observational studies assessed the association

between the time since the last dose of GLP-1 RAs and

residual gastric contents (Table 1). These examined 1706

patients who were using GLP-1 RAs, of whom 208 had

residual gastric contents (Table 2). Two examined a

cohort using either weekly or daily dosed formulations,

and the remaining studies were restricted to cohorts

using weekly formulations (online Supporting Information

Table S11).

All five studies were included in the meta-analysis of

time since last dose of GLP-1 RA and residual gastric

content (Fig. 2). Withholding at least one dose of GLP-1

RA before a procedure was associated with lower odds of

residual gastric content (OR 0.51, 95%CI 0.33–0.81).

However, evaluation of indirectness suggested potential

concerns due to more than half of the studies being

limited to oesophagogastroduodenoscopy procedures.

Visual inspection of funnel plot asymmetry indicated that

small study effects may have inflated this estimate (online

Supporting Information Figure S14). Sensitivity analysis

restricted to non-affirmative studies indicated that the

direction of the pooled estimate remained robust to even

worse-case publication bias, though the wider confidence

intervals from this sensitivity analysis included the null

value (OR 0.67, 95%CI 0.38–1.18) (online Supporting

Information Figures S15 and S16). Subgroup analysis of

GLP-1 RA indication and healthy volunteers was not

performed due to an absence of studies restricted to

patients with diabetes or healthy volunteers. No other

subgroup effects were identified (online Supporting

Information Figures S17 and S18). Overall risk of bias

across studies analysed was serious (online Supporting

Information Table S12). Key concerns were attributed to

potential bias due to residual confounding, participant

selection and outcome measurement. Of the five included

studies, only two accounted for potential confounders.

Given this, the sensitivity analysis of unadjusted ORs was

consistent with the primary analysis (online Supporting

Information Figure S19). Overall certainty of evidence was

very low (Table 2). No studies measured the association

between the time since last dose of GLP-1 RA and

pulmonary aspiration.

Discussion
In this systematic review and meta-analysis, we assessed data

from 28 observational studies involving 466,373 patients to

evaluate the relationship between GLP-1 RA use and the risk

of peri-operative pulmonary aspiration among patients

undergoing elective procedures. Our findings indicate that

patients using GLP-1 RAs before an elective procedure are at

a higher risk of presenting with residual gastric contents

compared with those not using GLP-1 RAs. Despite this, the

available evidence does not indicate that pre-operative GLP-

1 RA use is associated with an increased risk of

peri-operative pulmonary aspiration, and the relationship

between withholding GLP-1 RAs before surgery and

aspiration risk remains unstudied. Our analysis suggests that

patients who withheld at least one dose of their GLP-1 RA

before surgery were less likely to present with residual

gastric contents compared with maintaining a regular dosing

schedule, though this evidence was derived from five small

observational studies that are inherently vulnerable to bias

due to residual confounding. Importantly, available studies

did not examine the potential risks of withholding these

drugs, such as glycaemic instability or abrupt increases in

blood pressure [50]. Given the absence of direct evidence

from randomised controlled trials relating to such risks, the

very low certainty of the available evidence and the small

absolute risk of pulmonary aspiration following appropriate

fasting, it remains unclear if withholding GLP-1 RA drugs is

warranted before elective procedures.

These findings may provide some degree of

reassurance to both patients and clinicians about the risk

of pulmonary aspiration among patients using GLP-1 RAs

before elective procedures. However, some caution is

warranted due to the low certainty of the available evidence.

Moreover, due to the low incidence of pulmonary

aspiration, our pooled estimates were compatible with an

increase in pulmonary aspiration risk of up to ≥ 5 cases per

10,000 procedures, which may be considered clinically

important given the severity of this complication. Despite

this, high rates of residual gastric contents among these

patients may be a cause for concern, independent of any

assumed association with pulmonary aspiration risk. Gastric

content may complicate procedures that require clear

stomach visualisation, such as gastroscopy, potentially

leading to aborted procedures due to inadequate gastric

clearance. Aborted procedures expose patients to

unnecessary anaesthetic risks while also affecting the

efficient use of healthcare resources adversely [51].
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Consequently, these findings indicate that tailored

guidance on the peri-operative management of GLP-1 RAs

may be warranted for procedures reliant on an empty

stomach, even in the absence of heightened pulmonary

aspiration risk.

This review highlights the need for targeted research

exploring the risks and benefits of strategies for managing

GLP-1 RA drugs before elective procedures. While several

observational studies were identified by our search of

ongoing studies, it is unclear whether the findings from

additional observational studies will add to the current

evidence in a way that alters clinical practice. Importantly,

two ongoing randomised controlled trials focusing on

pre-operative management of GLP-1 RAs were identified.

One is assessing the effect of withholding GLP-1 RAs on

aspiration and increased residual gastric content risk

(NCT06533527), and the other is assessing the effectiveness

of a 24-h clear liquid diet for reducing residual gastric

contents (NCT06654219). Such trials are needed urgently to

assess the efficacy and safety of these approaches and of

alternative strategies, such as the use of promotility drugs or

assessing pulmonary aspiration risk with pre-operative

gastric ultrasound [26]. Updates to this review will be

warranted once more data are available from randomised

controlled trials, as such evidence will be critical to informing

recommendations presented in future clinical practice

guidelines. Further to this, given the fast-accumulating

evidence in this area, pre-specified trial sequential analysis

may allow researchers to determine when additional studies

are no longer likely to impact conclusions drawn from

existing studies [52]. In addition, future reviews could be

enriched by including additional secondary outcomes, such

as adverse events or postoperative outcomes, which could

provide a more comprehensive understanding of the

benefits and risks associated with the use of GLP-1 RAs

before elective procedures.

The findings of this review should be interpreted within

the context of some limitations. First, there was

heterogeneity in how outcomes were described across the

included studies. This included differences in measurement

methods, such as using endoscopy vs. gastric ultrasound to

assess gastric contents, and differences in outcome

definitions, such as distinguishing between pulmonary

aspiration and aspiration pneumonitis. Second, all included

studies assessing pulmonary aspiration were conducted

retrospectively, which makes them inherently vulnerable to

underreported cases or unmeasured confounding. Third,

the available evidence is drawn largely from populations

undergoing oesophagogastroduodenoscopy, a procedure

that is unique insofar as it allows for intra-operative

management to be altered following direct visualisation of

residual gastric contents. While this may limit the

applicability of our findings to patients undergoing most

types of elective procedures, the clinical interpretation

of the findings was consistent across subgroup analyses

of studies limited to patients undergoing

oesophagogastroduodenoscopy. Fourth, information on

the duration, dosage and timing of GLP-1 RA use was not

described due to inconsistent reporting across included

studies. It is unclear if variation in these factors could have

affected the interpretation of pooled estimates. Fifth, an

absence of studies with pre-registered protocols raises

concerns about potential selective analysis and reporting,

though findings appeared to be largely robust to

publication bias. Sixth, none of the studies were judged

to be at a low risk of bias, which is reflected in the overall

certainty of the evidence being low to very low. Finally, we

excluded two potentially eligible studies that were not

published in English [53, 54]. It is unclear if this exclusion is

likely to have altered our findings.

This systematic review and meta-analysis found that

patients using GLP-1 RAs are at increased risk of

presenting for surgery with residual gastric contents,

though this does not necessarily indicate an increased risk

of pulmonary aspiration. The available evidence to support

withholding GLP-1 RAs before surgery is derived from a

small number of observational studies and is impacted by

a high degree of uncertainty. Given the uncertainty of

evidence and absence of randomised controlled trials,

ongoing research is needed to evaluate the risks and

benefits of different strategies for managing these drugs

during the peri-operative period.
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Appendix S1. Search strategies.

Table S1. Protocol deviations and clarifications.

Table S2.Outcomedefinitions for pulmonary aspiration.

Table S3.Outcomedefinitions for residual gastric content.

Table S4.Data requested from study authors.

Table S5.Characteristics of included studies.

Table S6.Unpublished studies.

Table S7. Modified quality in prognosis studies tool

assessment of pulmonary aspiration.

Table S8. Adjusted variables in included studies assessing

pulmonary aspiration.

Table S9. Modified quality in prognosis studies tool

assessment of residual gastric contents.

Table S10.Adjusted variables in included studies assessing

residual gastric contents.

Table S11. Studies assessing withholding at least one GLP-

1 RAdose before a procedure on residual gastric contents.

Table S12. Risk of bias assessment.

Table S13.GRADE assessment.

Figures S1–S19. Funnel plots, sensitivity and subgroup

analyses.
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