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ABSTRACT

Glucagon-like peptide-1 receptor agonists (GLP-1 RAs), including the dual agonist
tirzepatide, slow gastric emptying, and their growing use has raised concern about residual
gastric content and pulmonary aspiration during anesthesia and procedural sedation.
Recommendations have shifted since 2023 from routine interruption toward continued
treatment with individualized risk assessment. We conducted a narrative review based on a
systematic search of PubMed and Scopus for studies published from 2023 to October 2026
and synthesized 106 studies, including one randomized trial, 14 prospective studies and 20
systematic reviews, across five themes. GLP-1 RAs delay solid gastric emptying by
approximately 36 to 74 minutes, with only partial tachyphylaxis. Despite standard fasting,
residual gastric content is consistently more frequent in users, with pooled odds ratios of 3.95
to 6.30 at endoscopy and a full stomach in 40% to 56% of users on preoperative gastric
ultrasound. Large databases and meta-analyses show no increase in coded pulmonary
aspiration (pooled odds ratio close to 1.0), whereas studies based on direct reporting by
anesthesiologists found an approximately tenfold higher incidence of regurgitation or
aspiration (1.41% vs. 0.12% in a national prospective cohort, in which about half of the
events occurred at emergence). Withholding one dose reduced clinically significant residual
content from 25.0% to 3.1% in the only randomized trial, but interruptions of seven to 10
days still left a full stomach in 40% to 49% of patients in prospective ultrasound studies,
whereas no residual content occurred in either trial arm among patients who had followed a
clear-liquid diet the day before. Routine interruption is therefore neither reliably effective nor
necessary for most patients. We propose an individualized strategy: continue treatment,
prescribe a 24-hour clear-liquid diet, screen for high-risk features, use gastric ultrasound
when doubt persists, and apply full-stomach precautions through emergence when risk
remains. The certainty of the evidence is low, and trials under general anesthesia are needed.
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MAIN ARTICLE
INTRODUCTION AND BACKGROUND

Glucagon-like peptide-1 receptor agonists (GLP-1 RAs), such as semaglutide, liraglutide and
dulaglutide, and the dual glucose-dependent insulinotropic polypeptide (GIP) and GLP-1
receptor agonist tirzepatide are now widely prescribed for type 2 diabetes and obesity. Their
use among surgical patients has risen accordingly. In a national prospective study conducted
in 119 hospitals in the United Kingdom (UK) in 2025, 1,348 of 47,039 adults receiving
anesthesia care (2.9%, or one in 36) were taking one of these drugs, most often tirzepatide
[1]. In an orthopedic cohort in the United States, the yearly prevalence of use rose from 0.4%
to 2.9% between 2019 and 2024 [2].

These drugs slow gastric emptying, an effect that contributes to their glycemic and satiety
benefits [3-5]. In 2023, a volunteer study found solid gastric content on ultrasound in 70% of
fasted participants who had recently started semaglutide, compared with 10% of controls [6],
and a retrospective study found residual gastric content during upper endoscopy in 24.2% of
semaglutide users versus 5.1% of non-users [7]. Together with case reports of aspiration
despite fasting, these findings led the American Society of Anesthesiologists (ASA) to advise
withholding daily agents on the day of the procedure and weekly agents for one week
beforehand [8].

Guidance has since moved in another direction. From 2024 onward, a multisociety statement
[9], followed by British, American perioperative, Australian and New Zealand, Italian,
Korean and European documents [10-15], favored continuing treatment with individualized
risk assessment. Meanwhile, the evidence has grown rapidly and appears contradictory:
residual gastric content is consistently more frequent in users, whereas large databases show
no increase in pulmonary aspiration. Seventy-eight of the 106 studies included in this review
were published in 2025 or 2026. Twenty systematic or scoping reviews already exist,
including one in this journal [16], but most predate the first randomized trial of drug
interruption [17] and the first national prospective cohort with direct reporting of aspiration
events [1].

This narrative review, based on a systematic literature search, synthesizes the 2023-2026
evidence on five questions: how GLP-1 RAs affect gastric emptying; how often residual
gastric content persists despite fasting; whether pulmonary aspiration and other clinical
outcomes are increased; whether interrupting treatment empties the stomach; and what
current guidelines recommend. We then propose a pragmatic algorithm to individualize the

full-stomach risk.
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REVIEW
Methods

Design and reporting. This narrative review is based on a systematic literature search. It was
prepared according to the Scale for the Assessment of Narrative Review Articles (SANRA)
[18], and study selection is reported in a flow diagram adapted from the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 statement [19].

Search strategy. PubMed and Scopus were searched on October 6, 2026, for records
published from 2023 to 2026. The PubMed query was (semaglutide OR liraglutide OR
tirzepatide OR GLP-1) AND (anesthesia OR perioperative OR endoscopy) AND (aspiration
OR gastric); an equivalent query was applied to titles, abstracts and keywords in Scopus. The
reference lists of included reviews and guidelines were also screened. The full search strings

are given in Appendix 1.

Eligibility criteria. We included studies of adults exposed to a GLP-1 RA or tirzepatide that
reported gastric emptying, residual gastric content after fasting, regurgitation, pulmonary
aspiration or other pulmonary complications during elective surgery, endoscopy or
procedural sedation, the effect of interruption or fasting strategies, or recommendations.
Eligible designs were randomized trials, cohort, case-control and cross-sectional studies, case
series, systematic and scoping reviews, and guidelines published in English or French. We
excluded narrative reviews and opinion articles, case reports, letters without original data,
conference abstracts without a full publication, studies limited to non-elective surgery, and

reports for which neither an abstract nor the full text was accessible.

Study selection and data extraction. Records were deduplicated in Zotero (Corporation for
Digital Scholarship, Vienna, VA, USA). One author screened titles and abstracts and then
assessed the reports. Data were extracted into a standardized 30-item form covering design,
country, population, sample size, agent, procedure, type of anesthesia, interruption interval,
fasting, assessment method, outcomes and main results. Data were extracted from the full text
when it was accessible (n = 53) and otherwise from the published abstract (n = 50, including
one conference abstract) or, for research letters without an abstract, from their supplementary
material and the tables of published reviews (n = 3). An artificial intelligence assistant
(Claude, Anthropic, San Francisco, CA, USA) supported the second screening pass, pre-filled
the extraction form and drafted the manuscript and figures; the authors verified every

included record and extracted value against the source documents.
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Appraisal and synthesis. Each study was classified by design as a randomized trial,
systematic review, prospective study, retrospective or database study, uncontrolled series or
guideline. Because about half of the extraction relied on abstracts, no formal risk-of-bias tool
was applied. Given heterogeneous exposures and outcome definitions and the existence of

several meta-analyses, findings were synthesized narratively by theme without new pooling.

Results of the search

The search identified 747 records (333 in PubMed and 414 in Scopus). After removal of 212
duplicates, 535 records were screened, and 403 were excluded on title and abstract. Of the
132 reports sought, two had neither an abstract nor an accessible full text. Of the 130 reports
assessed, 28 were excluded, leaving 102 studies; citation searching added four, for a total of
106 included studies (Figure 1). These comprised 55 retrospective or database studies, 20
systematic reviews or meta-analyses, 14 prospective studies, eight uncontrolled series, eight
guidelines or consensus statements and one randomized trial. Most were published in 2025 (n
=38) or 2026 (n = 40); 74 (70%) came from the United States and none from Africa. Fifty-
six concerned endoscopy, 38 surgery or other procedures under anesthesia and seven both;
five involved no procedure (two meta-analyses of gastric emptying and three studies of fasted

participants). Appendix 2 lists the characteristics of all included studies.
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Identification via databases: PubMed and Scopus Other methods
Records identified (n = 747) Duplicates removed Citation searching
PubMed 333 - Scopus 414 (n=212) records (n =5)

Records excluded

[ Records screened (n = 535) J_. on title and abstract (n = 403)

I \

Reports sought for retrieval N Not retrieved (n = 2)
(n=132) neither abstract nor full text
\- \. J
r l ~ r
Reports assessed for eligibility . Reports excluded (n = 28) Reports assessed
(n=130) Narrative review or opinion: 9 (n=5)
. Letter without original data: 6 excluded (n = 1):
Off-topic: 4 non-elective surgery
Case report: 2

Irrelevant outcome: 2

Other language: 1

Same cohort counted twice: 1
Published before 2023: 1
Non-elective surgery: 1
Population outside criteria: 1

Studies included in the review (n = 106)
102 from databases, 4 from other methods
53 read in full text, 53 from abstracts or secondary sources

Figure 1: Flow diagram of study selection. Adapted from the PRISMA 2020 flow diagram
[19], published under a Creative Commons Attribution (CC BY 4.0) license. Reports
excluded after assessment: narrative review or opinion (n =9), letter without original data (n
= 6), off-topic (n = 4), case report (n = 2), irrelevant outcome (n = 2), other language (n = 1),
same cohort counted twice (n = 1), published before 2023 (n = 1), non-elective surgery (n =
1) and population outside the criteria (n = 1). Citation searching identified five reports, of

which one was excluded (emergency surgery).

Effect on gastric emptying

GLP-1 RAs slow gastric emptying, mainly of solids. In a meta-analysis of 15 studies, the
gastric emptying half-time measured by scintigraphy (five studies) was 138.4 minutes with
GLP-1 RAs versus 95.0 minutes with placebo, a delay of 36.0 minutes (95% confidence
interval [CI] 17.0-55.0) with high heterogeneity; acetaminophen absorption, a marker of
liquid emptying, showed no significant delay, and neither the agent, its duration of action nor
treatment duration modified the effect [20]. A more recent meta-analysis restricted to

prospective studies using reference methods (10 studies, 300 participants) found a larger
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prolongation of 74 minutes (46-101), reaching 116 minutes with short-acting agents and 82

minutes during the first 10 weeks of treatment, with very low certainty [21].

Physiological studies showed that continuous GLP-1 receptor stimulation produces rapid
tachyphylaxis of this effect [3,4], and the delay induced by tirzepatide was also transient [5].
Tachyphylaxis is, however, incomplete, as the delay persists during long-term treatment
[20,21]. This pattern, with near-normal emptying of liquids but delayed emptying of solids,
explains why solids dominate the residual content observed in clinical studies: they accounted
for 78.9% of positive findings in a large endoscopic series [22] and 82% of positive

ultrasound examinations in a prospective study [23].

Residual gastric content despite fasting

Endoscopic studies. Residual gastric content was more frequent in users in almost all
endoscopic studies, typically 6% to 24% versus 1% to 6% in non-users [7,24-29]. Of 10
meta-analyses, nine reported pooled odds ratios (ORs) between 3.95 and 6.30 [30-38], or
between 3.18 and 5.24 when restricted to adjusted estimates; one reported an unstable
estimate of 15.39 [39]. The effect persisted in patients without diabetes (adjusted OR 5.66)
[25] and against an active comparator, with inadequate mucosal visibility in 8.6% of GLP-1
RA users versus 1.4% of dipeptidyl peptidase-4 (DPP-4) inhibitor users (OR 6.14) [40].
Residual content also led to more aborted examinations, with pooled ORs of 3.9 to 5.5

[31,32,34,35,38].

Gastric ultrasound before anesthesia. Prospective studies using gastric point-of-care
ultrasound (POCUS) found a full stomach, generally defined as solids, thick fluid or clear
fluid above 1.5 mL/kg, in 40% to 56% of users despite standard fasting (Table 1) [23,41-44].
In surgical patients with diabetes, the median gastric volume was 0.61 versus 0.16 mL/kg,
and the OR for a full stomach was 11.3 [45]. Three studies did not find a significant
difference: one measured gastric volume after excluding patients with solids [46], one studied
outpatients after 8 to 16 hours of fasting [47], and one, conducted after an interruption of at
least seven days, was underpowered (42% vs. 24%) [23]. Two endoscopic studies were also

negative [48,49].

Patients at higher risk. Residual content was more likely when the drug was prescribed for
weight loss rather than diabetes (23% vs. 2.6%) [27], in patients with diabetic microvascular
complications [44,50], with each 1% increase in glycated hemoglobin (HbA1c) (36% higher

risk) [51], after recent opioid use [52], and with tirzepatide, which was associated with
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residual content in 18.9% of users [38,53]. Each additional day since the last injection

reduced the odds by 23% (OR 0.77) [44]. Gastrointestinal symptoms increased the risk (OR

15.1) [26], but their absence did not exclude it: in the randomized trial, no patient with

residual content reported symptoms [17]. Confounders such as opioids, anticholinergic drugs

and long-standing diabetes explained part of the association in one cohort [54].

Table 1: Prospective gastric ultrasound studies of residual gastric content in patients

taking GLP-1 receptor agonists

Full
Users/ stomach,
Population and controls users vs. Effect estimate Data
Study timing ,n controls 95% CI) source
Sherwin et Volunteers recently 10/10 Solids 70%  RR 3.50 (1.26-  Full text
al., 2023 [6] started on vs. 10% 9.65)
semaglutide, 8-hour
fast
Sen et al., Elective procedures, 62/62  56% vs. 19% Adjusted PR Abstract
2024 [41] weekly agents 2.48 (1.23-4.97)
Nersessian et Elective surgery, 107/ 40% vs. 3%  Weighted OR  Full text
al., 2024 [42] patients without 113 36.97 (16.54-
diabetes, last dose 99.32)
<10 days
Wolla et al.,  Elective surgery, 106/ Median OR 11.3 (5.2-  Full text
2025 [45] patients with diabetes 100 volume 0.61  24.7)
vs. 0.16
mL/kg
Boudreau et  Elective surgery after 52/41  42%vs. 24% Adjusted PR Full text
al., 2026 [23] interruption >7 days 1.65 (0.70-3.70)
Vlaeminck et FElective surgery, 44 /44  49%vs. 18% OR 4.29 (1.63- Abstract
al., 2026 [43] semaglutide, matched 11.29)

1:1
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Full
Users/ stomach,
Population and controls users vs. Effect estimate Data

Study timing ,n controls (95% CI) source

Lietal, 2026 Inpatients with type 2 224/ 53.3% vs. OR 2.52 (1.84-  Abstract

[44] diabetes, overnight 166 32.1% 3.45)

fast
Oates et al.,  Elective surgery, 60/57 No difference Not applicable  Abstract
2026 [46] median 9 days since in gastric

last dose volume
Shahidifar et  Outpatients fasting 8- 74/60  Solids 5.4% p=0.56 Abstract
al., 2026 [47] 16 hours vs. 5.0%

Full stomach was generally defined as solids, thick fluid or clear fluid >1.5 mL/kg. CI:
confidence interval; GLP-1: glucagon-like peptide-1; OR: odds ratio; PR: prevalence ratio;
RR: risk ratio.

Pulmonary aspiration and other clinical outcomes

Pooled and database evidence. Meta-analyses found no association between GLP-1 RA use
and pulmonary aspiration: OR 1.04 (0.87-1.25) across nine studies, 185,414 patients and 471
events [36], and OR 1.11 (0.84-1.48) in endoscopy [32], with similar results in other meta-
analyses [30,31,34,38,55] (Figure 2). A pooled analysis of database studies found a risk ratio
(RR) of 1.00 in surgery and 1.10 in endoscopy, while the same approach detected the
expected excess risk with opioids (RR 2.68), showing that these data can reveal a true signal
[56]. Large surgical cohorts agreed: among 366,476 patients undergoing common procedures,
aspiration pneumonia occurred in 0.7% of users versus 0.6% of non-users (adjusted OR 0.78,
0.57-1.06) [57], with similar findings in other claims databases [58-60] and against
metformin, sodium-glucose cotransporter-2 (SGLT2) inhibitors and DPP-4 inhibitors as
active comparators [61]. In endoscopy, a large matched cohort found no increase [62], nor
did active-comparator studies, with RRs of 0.98 versus SGLT2 inhibitors [63] and 0.67
versus DPP-4 inhibitors [64].

Contrary signals. Some studies pointed the other way. In a matched cohort, users had a

higher risk of aspiration pneumonia after endoscopy (hazard ratio [HR] 1.33, 1.02-1.74),



Open Access Case Report

particularly with propofol sedation (HR 1.49) and upper endoscopy (HR 1.48), but not after
colonoscopy alone [65]; a reanalysis using recent users as comparators found no increase
[66]. A target trial emulation reported more respiratory complications after elective surgery
(HR 1.61, 1.08-2.39) [67], and one meta-analysis, available to us only as an abstract, found
an OR of 2.29 (1.36-3.87), possibly inflated by overlapping databases [33]. Conversely, large
apparent protective effects (RR 0.31 and 0.67) [68,69] are best explained by healthy-user
bias, as the authors of one of these studies acknowledge [69].

Direct reporting by anesthesiologists. The picture changes when events are recorded at the
bedside. In the UK national prospective cohort, regurgitation or aspiration occurred in 19 of
1,348 users (1.41%, or one in 71) versus 57 of 45,691 non-users (0.12%) (OR 11.39, 6.47-
20.05), and 53% of events in users occurred at emergence [1]. This estimate was not adjusted
for obesity or diabetes. A single-center audit based on keyword searches of anesthesia records
found a similar OR of 10.27 (2.94-35.82), with events at induction, after insertion of a
supraglottic airway and at extubation [70]. Small series without controls reported no

aspiration [71-73], but they lacked the power to detect a rare event.

Why the evidence diverges. Diagnostic codes capture rare, clinically significant aspiration
pneumonitis and miss regurgitation managed in the operating room. A prescription does not
prove recent intake, and many databases predate the 2023 recommendations and the
widespread use of high-dose agents and tirzepatide, which accounted for 70% of exposure in
the UK cohort [1]. Conversely, unadjusted confounding and heightened vigilance toward
patients known to take GLP-1 RAs may inflate the prospective signal. Residual gastric
content is therefore best viewed as a necessary but not sufficient condition for aspiration,

which also requires a vulnerable airway moment.

Other outcomes. GLP-1 RA use was associated with more aborted endoscopies (RR 1.99)
[63] and more postoperative nausea and vomiting (OR 1.22), but not with more difficult
intubation (OR 1.02) [74]. GLP-1 RA use was also associated with lower perioperative

glucose and less rescue insulin [37].
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No difference Estimate (95% CI)

Meta-analyses of coded outcomes .

Baig 2025 OR —Q— 0.96 (0.53-1.75)
Castrillon 2025 OR - 1.04 (0.87-1.25)
Ahmed 2026 OR @ 1.09 (0.46-2.60)
Malandris 2026 OR —4'0— 1.11 (0.84-1.48)
Elmati 2025 OR - 1.23 (0.58-2.60)
Tarar 2025 OR —— 1.26 (0.86-1.87)
Facciorusso 2025 OR @ 1.75 (0.64-4.77)
Tan 2025 OR —_—— 2.29 (1.36-3.87)

Database cohorts, surgery

Wu 2026 RR —O—— 0.31 (0.20-0.49)
Welk 2024 OR —_— 0.71 (0.36-1.41)
Chen 2025 OR —0—'- 0.78 (0.57-1.06)
Poeran 2025 OR —_— 0.81 (0.45-1.45)
Wright 2025 OR —O— 1.07 (0.85-1.34)
Kotecha 2026 HR | —O— 1.61 (1.08-2.39)

Database cohorts, endoscopy

Barlowe 2025 RR L 0.67 (0.25-1.75)
Yang 2026 RR —— 0.67 (0.51-0.87)
Velji-lbrahim 2025 HR + 0.92 (0.54-1.56)
Alkabbani 2024 RR —— 0.98 (0.73-1.31)
Peng 2024 RR —O— 1.14 (0.88-1.47)
Yeo 2024 HR —e— 1.33 (1.02-1.74)

)
Direct reporting by anesthesiologists E
Milne 2024 OR | L 10.27 (2.94-35.82)
Potter 2026 OR , —— 11.39 (6.47-20.05)

[ I : I I T T I
0.25 0.5 1 2 4 8 16 32
Oddes, risk or hazard ratio (log scale)

@ Full text read O Abstract or secondary source @ Direct reporting by anesthesiologists

Figure 2: Reported estimates of pulmonary aspiration or related respiratory outcomes
in patients taking GLP-1 receptor agonists, grouped by how events were ascertained.
Points show odds ratios, risk ratios or hazard ratios with 95% confidence intervals on a
logarithmic scale; estimates were not pooled. Outcome definitions differ: coded aspiration
pneumonitis or pneumonia in database studies, and regurgitation or aspiration reported by the
anesthesiologist in the direct-reporting studies, whose estimates are unadjusted. Open
symbols indicate data extracted from abstracts or secondary sources. CI: confidence interval;

HR: hazard ratio; OR: odds ratio; RR: risk ratio.

Interruption of treatment

The randomized trial. The only randomized trial (OCULUS) allocated 68 patients on stable
GLP-1 RA or tirzepatide therapy who were undergoing upper endoscopy under moderate

sedation or monitored anesthesia care to withholding one dose or continuing treatment [17].
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Clinically significant residual content occurred in 3.1% of patients after one withheld dose
versus 25.0% with continuation (difference 21.9%, 90% CI 7.0-36.7), and the trial was
stopped early. Among patients who followed a clear-liquid diet the day before because of a
concomitant colonoscopy, the rate was 0% in both arms, whereas a solid meal the evening
before increased the risk (OR 9.66). The trial analyzed only 60 patients, excluded higher-risk
patients and did not include general anesthesia, and early stopping may have exaggerated the

effect.

Duration of interruption. Observational data suggest that a one-week interruption is often
insufficient (Table 2). Compared with non-users, the odds of residual content remained
elevated after interruptions shorter than eight days (OR 10.0) and of eight to 14 days (OR
4.59), and only interruptions longer than 14 days without symptoms were no longer
associated with residual content (OR 0.77) [26]. Prospective ultrasound studies found a full
stomach in 40% to 49% of patients after skipping one dose or stopping for seven to 10 days
[23,42,43], and a two-week interruption did not normalize the risk in patients with obesity
[75]. Pooled data suggested that withholding at least one dose halved the odds of residual
content (OR 0.51, 0.33-0.81), but this result was not robust to adjustment for publication bias
[36]. Two prospective studies, one limited to patients with diabetes and one without an
unexposed group, supported a seven-day threshold [45,52], and following the ASA rule was
associated with less residual content in a retrospective study (4.4% vs. 12.7%) [51]. A direct
comparison in bariatric patients showed a non-significant trend in the same direction (2.7%

after interruption vs. 6.4% with continuation) [76].

Fasting duration and costs of interruption. The duration of the fast may matter more than
the date of the last dose. Fasting from solids for more than 15 hours (adjusted OR 0.33) [77]
or more than 21 hours [52] was associated with less residual content, whereas time since the
last dose did not predict content in outpatients [47]. Interruption also has potential costs:
GLP-1 RA use was associated with better perioperative glycemic control [37], although a
before-and-after study found no short-term difference in glucose control when treatment was
held [78], and interruption requires a shared decision with the prescriber that weighs

metabolic risk [9].
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Table 2: Studies of treatment interruption and dietary strategies

Design, users Residual gastric Data
Study (n) Strategy compared content source
Ahmad et al., Randomized One dose withheld vs. 3.1% vs. 25.0%; 0% in  Full text
2026 [17] trial, 60 continued both arms with clear
liquids

Santos et al.,  Retrospective Bands of interruption ~ OR 10.0 (<8 days), 4.59 Full text
2024 [26] , 123 duration (8-14 days), 0.77 (>14
days, no symptoms)

Nersessian et Prospective  Interruption of 1-7 vs.  40% overall, raised in ~ Full text
al., 2024 [42]  ultrasound, 8-10 days both groups
107

Boudreau et Prospective  Interruption >7 days 42% vs. 24% in controls Full text
al., 2026 [23]  ultrasound, (median 11)

52
Wolla et al., Prospective <7 vs. 7-14 vs. >14 Larger volume only Full text
2025 [45] ultrasound, days below 7 days

106
Dong et al., Retrospective Two-week interruption 1.61% vs. 5.83% (non-  Abstract
2026 [75] , 165 vs. continuation users 0.4%)
Pai et al., 2026 Prospective  Interruption and solid- 35.8% overall; higher Abstract
[52] ultrasound, fast thresholds risk if interruption <7.5

316 days or solid fast <21.3

hours

Mendez-Pino  Retrospective Solid fast >15 hours Adjusted OR 0.33 (0.13- Abstract
et al., 2026 , 337 0.81)
[77]
Wilson et al.,  Prospective, One-week interruption 8% vs. 6% Abstract
2026 [79] 256 patients  plus 24-hour clear

liquids vs. 8-hour fast
in controls

Ghazanfaret  Retrospective Clear-liquid vs. normal 1.5% vs. 10% Full text
al., 2024 [80] , 306 diet the day before

OR: odds ratio.
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Guidelines and individualized strategies

Evolution of recommendations. Recommendations have moved from interruption toward
continuation (Table 3). The 2023 ASA guidance advised withholding weekly agents for one
week [8]. The 2024 multisociety guidance no longer recommended routine interruption,
reserving it for high-risk patients, together with a liquid diet of at least 24 hours and gastric
ultrasound in case of doubt [9]. Subsequent documents went further. The UK consensus
recommends continuing treatment with usual fasting, considering gastric ultrasound before
induction and using risk-reducing anesthetic techniques [10]. The Society for Perioperative
Assessment and Quality Improvement (SPAQI) recommends 24 hours without solids and
clear fluids until four hours before the procedure [11]. The Australian and New Zealand
guidance recommends a 24-hour clear-liquid diet for all patients and states that no
interruption interval can be recommended and that symptoms cannot stratify risk [12]. The
Italian, Korean and European documents also favor continuation with individualized

management [13-15].

The 24-hour clear-liquid diet. This is the most widely shared measure and the one with the
most consistent supporting data. In the randomized trial, no residual content occurred in
either arm among patients who followed a clear-liquid diet the day before [17]. After a one-
week interruption combined with a 24-hour liquid diet, residual content was similar to that of
controls (8% vs. 6%) [79], and a clear-liquid diet the day before was associated with less
residual food (1.5% vs. 10%) [80]. Same-day colonoscopy, which imposes clear liquids and
bowel preparation, was protective in more than 10 studies, with pooled ORs of 0.26 to 0.28
[31,35,38]. One case-control study found residual content despite colonoscopy preparation,

but its design does not allow an incidence to be estimated [81].

Gastric ultrasound. Gastric POCUS allows individual assessment and can avoid
unnecessary cancellations: in a pilot study, 20 of 25 patients who had taken semaglutide
within the previous seven days had an empty stomach and underwent surgery as planned

[82]. Regional anesthesia experts gave conditional support to its use in patients taking GLP-1
RAs [83]. Its limitations include obesity, inconclusive examinations and the need for training,
and aspiration has occurred despite a gastric volume considered normal [45]. It remains rarely

used: in 1.3% of users in the UK cohort and 3.4% in a single-center audit [1,84].
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Table 3: Recommendations on GLP-1 receptor agonists before procedures, 2023-2026

Yea Interruptio Diet and Gastric Other
Document r Region n fasting ultrasound measures
ASA guidance 202 United Day of Standard Consider if Full-stomach
[8] 3 States  procedure fasting not precautions
for daily interrupted
agents, 1
week for
weekly
agents
Kindel et al. 202 United Notroutine; Liquids>24 Ifin doubt Shared
(AGA, 4 States  possible if  hours if high onthe day decision;
ASMBS, ASA, high risk risk rapid
ISPCOP, sequence or
SAGES) [9] postponement
El-Boghdadly 202 United No: continue Usual fasting Consider  Regional
et al. 5 Kingdo before anesthesia;
(Association of m induction  tracheal
Anaesthetists intubation;
and partner gastric tube;
societies) [10] awake
extubation
Oprea et al. 202 United Continueif No solids for Not Symptomatic
(SPAQD) [11] 5 States no 24 hours; detailed patients
significant ~ carbohydrate referred to the
symptoms  drinks until 8 prescriber
hours; clear
fluids until 4
hours
Hocking etal. 202 Australi Continue; no 24-hour clear Ifthe diet Intravenous
(ADS, 5 a and interruption  liquids, then ~ was not erythromycin;
ANZCA, interval can followed symptoms




Open Access

Case Report

Yea Interruptio Diet and Gastric Other
Document Region n fasting ultrasound measures
GESA, New be 6-hour fast, cannot stratify
NACOS) [12] Zealand recommende for all risk
d
Facciorusso et 202 Italy Not routine  Liquid diet if Not No additional
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ADS: Australian Diabetes Society; AGA: American Gastroenterological Association;

ANZCA: Australian and New Zealand College of Anaesthetists; ASA: American Society of

Anesthesiologists; ASMBS: American Society for Metabolic and Bariatric Surgery; ASRA:

American Society of Regional Anesthesia and Pain Medicine; ESGE: European Society of

Gastrointestinal Endoscopy; ESGENA: European Society of Gastroenterology and

Endoscopy Nurses and Associates; GESA: Gastroenterological Society of Australia; GLP-1

RA: glucagon-like peptide-1 receptor agonist; ISPCOP: International Society of Perioperative

Care of Patients with Obesity; NACOS: National Association of Clinical Obesity Services;
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SAGES: Society of American Gastrointestinal and Endoscopic Surgeons; SIGE: Italian
Society of Gastroenterology; SPAQI: Society for Perioperative Assessment and Quality

Improvement.

Proposed algorithm

Figure 3 summarizes a pragmatic strategy derived from this evidence. First, every patient
should be asked about GLP-1 RA or tirzepatide use, including the agent, dose, indication,
date of the last injection, recent dose increases and gastrointestinal symptoms. Second,
treatment should be continued by default, with a 24-hour clear-liquid diet followed by
standard fasting; doses of insulin and sulfonylureas may need adjustment during the liquid
day to avoid hypoglycemia. Third, patients with a high-risk feature, those who did not follow
the diet and those in whom doubt persists should undergo gastric ultrasound before induction
when it is available. High-risk features include the dose-escalation phase, a weight-loss
indication, an injection within the previous three days, gastrointestinal symptoms, diabetic
microangiopathy or high HbA Ic, opioid use, obesity, tirzepatide, and upper endoscopy under
propofol sedation [9,27,38,44,51,52,65,75,82]. Fourth, when the stomach is full or the
examination is inconclusive, an elective procedure should be postponed. If it cannot wait, or
if ultrasound is unavailable in a high-risk patient, full-stomach precautions apply: rapid
sequence induction, a tracheal tube rather than a supraglottic airway, gastric decompression,
awake extubation and close vigilance during emergence [1,10,14]. Interrupting the drug
should be a last resort, considered with the prescriber when a liquid diet is impossible and
ultrasound is unavailable in a high-risk patient, knowing that a one-week interruption may not

empty the stomach [23,26].
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1. Ask every patient
about GLP-1 agonists and tirzepatide:
agent, dose, last injection, symptoms

}

2. Default: continue the drug
24 h of clear liquids beforehand,
then standard fasting High-risk features
\ J Dose escalation phase
Weight-loss indication
Injection < 3 days ago
Digestive symptoms
Diabetic microangiopathy
High HbAlc
Opioid use
Obesity
Tirzepatide
Propofol upper endoscopy
3. Gastric ultrasound Absent symptoms # empty
before induction (solid, thick fluid
or clear fluid over 1.5 mL/kg = full)
no ultrasound: manage as full stomach

Proceed
standard anesthesia,
drug continued

High-risk feature, diet
not followed, or doubt?

3

no Full stomach or

inconclusive scan?

4. Postpone if it can wait
otherwise take full-stomach precautions:
rapid sequence, tracheal tube not a
supraglottic airway, gastric tube,
awake extubation, watch emergence

Stop the drug only as a last resort
when no liquid diet is possible and no ultrasound is available in a high-risk patient;
decide with the prescriber, knowing that a one-week stop may not empty the stomach

Figure 3: Proposed algorithm for patients taking GLP-1 receptor agonists before
elective anesthesia or procedural sedation. The strategy reflects observational evidence and
expert consensus and has not been validated prospectively. GLP-1: glucagon-like peptide-1;
HbA 1c: glycated hemoglobin.

DISCUSSION

Principal findings. This review of 106 studies shows a consistent physiological and
surrogate signal, an inconsistent clinical signal and a convergence of recommendations. GLP-
1 RAs delay solid gastric emptying, and residual gastric content is more frequent despite
standard fasting, with pooled ORs of about 4 to 6. Coded aspiration is not increased in large
databases, whereas direct reporting by anesthesiologists reveals substantially more
regurgitation, often at emergence. A one-week interruption reduces but does not abolish the

risk, whereas a clear-liquid diet the day before appears to remove most of the excess.
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Implications for practice. Residual content is a necessary but not sufficient condition for
aspiration. The critical moments are those at which airway reflexes are lost or recovering:
induction, unprotected sedation with propofol and emergence [1,65,70]. This supports a
strategy that acts on the stomach with a liquid diet, identifies residual risk with clinical
screening and ultrasound, and protects the airway when risk persists, rather than one that
relies on interruption, which is neither reliably effective within a week nor free of metabolic
cost [17,26]. Where gastric ultrasound is not routinely available, high-risk patients should be
managed as having a full stomach. No included study came from Africa, which limits the
transferability of this evidence to our setting.

Strengths and limitations. This review is based on a systematic search of two databases
through October 2026 and includes the first randomized trial, a national prospective cohort
and eight guidelines published since 2024. It has several limitations. It is a narrative review,
and half of the data were extracted from abstracts, which limited the available detail and
precluded a formal risk-of-bias assessment. Screening was performed by a single author,
supported by an artificial intelligence assistant rather than a second human reviewer. The
search did not include terms such as surgery or sedation, which citation searching only partly
compensated for. Most studies were observational and retrospective, with heterogeneous
definitions of residual content and aspiration, exposure based on prescriptions rather than
confirmed intake, and little information on interruption or fasting. Seventy percent of the
studies came from the United States.

Research agenda. Priorities include a randomized comparison of a 24-hour liquid diet with
interruption under general anesthesia, prospective validation of high-risk features and
ultrasound-guided pathways, specific data on tirzepatide, high doses and oral agents,
standardized reporting of regurgitation and aspiration, and data from Africa and the Middle
East.

CONCLUSIONS

Routine interruption of GLP-1 RAs before elective anesthesia is not supported by current
evidence: a one-week interruption does not reliably empty the stomach and carries metabolic
costs. The full-stomach risk should instead be individualized: continue treatment, prescribe a
24-hour clear-liquid diet, screen for high-risk features, use gastric ultrasound when in doubt,
and apply full-stomach precautions through emergence when risk remains. Where gastric
ultrasound is unavailable, high-risk patients should be managed as having a full stomach. The

certainty of the evidence is low, and randomized trials under general anesthesia are needed.
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APPENDICES:

Appendix 1: Search strategy

Both databases were searched on October 6, 2026. The reference lists of included reviews
and guidelines were also screened, which added four studies (Figure 1).

PubMed (publication dates 2023-2026; 333 records): (semaglutide OR liraglutide OR
tirzepatide OR GLP-1) AND (anesthesia OR perioperative OR endoscopy) AND (aspiration
OR gastric)

Scopus (PUBYEAR > 2022; 414 records): TITLE-ABS-KEY ((semaglutide OR liraglutide
OR tirzepatide OR "GLP-1") AND (anesthesia OR perioperative OR endoscopy) AND
(aspiration OR gastric)) AND PUBYEAR > 2022
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Appendix 2: Characteristics of the included studies

Table 4: Characteristics of the 106 included studies

Total n (GLP-1 RA Data
Study (country) Theme Design; setting users) Key finding source
Chen 2026 [21] (Canada) Gastric SR/MA; gastric emptying 10 studies (300) Gastric emptying half-time prolonged by 74 min (46-101); 116 min with short-acting Full text
emptying studies agents and 82 min in the first 10 weeks; very low certainty.
Hiramoto 2024 [20] Gastric SR/MA; gastric emptying 15 studies (658) Scintigraphic half-time 138.4 vs. 95.0 min, difference 36.0 min (17.0-55.0); no Full text
(USA) emptying studies significant delay with the acetaminophen (liquid) method; no effect of agent, duration
of action or treatment duration.
Abdulraheem 2025 [35]  Residual SR/MA; upper endoscopy 20 studies; 207,708  RGC OR 5.57 (4.07-7.62), adjusted 3.18 (2.75-3.67); aborted procedures OR 4.90 Abstract
(USA) content (23,366) (2.94-8.18); aspiration OR 1.75 (0.64-4.77); concomitant colonoscopy protective
(OR 0.27); no difference between agents in network meta-analysis.
Ahmed 2026 [30] (USA) Residual SR/MA; upper endoscopy 28 studies; 212,082  RGC OR 3.95 (2.69-5.82), 1> 83%; cancelled procedure OR 3.96 (2.87-5.56); repeat  Full text
content procedure OR 1.82 (0.81-4.09); aspiration <1% in both groups, OR 1.09 (0.46-2.60).
Baig 2025 [31] (USA) Residual SR/MA; endoscopy 23 studies; 262,018  Retained content OR 4.54 (3.30-6.24), moderate certainty; premature termination OR  Full text
content (96,521) 4.54 (3.05-6.75); same-day colonoscopy OR 0.28 (0.22-0.36); aspiration pneumonia
0.19% vs. 0.19%, OR 0.96 (0.53-1.75).
do Nascimento 2024 [37] Residual SR/MA; surgery and 14 studies; 2,143 Preprocedural GI symptoms OR 7.66 (3.42-17.17); RGC OR 6.08 (2.86-12.94); Full text
(USA/Brazil) content procedures better glycemic control; no difference in hypoglycemia, PONV or 30-day mortality;
one aspiration, not pooled.
Facciorusso 2025 [34] Residual SR/MA; upper endoscopy; 13 studies; 84,065 RGC OR 5.56 (3.35-9.23), adjusted 4.20 (3.42-5.15), persisting after fasting >12 h Full text
(Ttaly) content mostly deep sedation (5.47); aborted 1% vs. 0.3%, OR 5.13 (3.01-8.75); aspiration 0.3% vs. 0.2%, OR 1.75
(0.64-4.77).
Malandris 2026 [32] Residual SR/MA; upper endoscopy 24 studies; 184,707  RGC OR 4.82 (3.66-6.35); aborted OR 3.93 (2.42-6.39); aspiration OR 1.11 (0.84- Full text
(Greece/UK) content (59,095) 1.48), 1.09 (0.82-1.46) in studies at low risk of bias.
Singh 2025 [39] (USA)  Residual SR/MA; upper endoscopy 23 studies; 77,152 Retained content OR 15.39 (4.65-50.99); aborted OR 13.86 (4.42-43.43); aspiration ~ Abstract
content and colonoscopy (4,449) OR 21.06 (0.13-3,379), uninformative; bowel preparation OR 0.94 (0.67-1.31).
Tarar 2025 [38] (USA) Residual SR/MA; upper endoscopy 12 studies; 105,515  RGC OR 6.30 (5.30-7.49), adjusted 3.91 (3.21-4.62); aspiration 0.73% vs. 0.35%, Full text
content (32,144) OR 1.26 (0.86-1.87); aborted OR 5.50; same-day colonoscopy OR 0.26; RGC highest
with tirzepatide (18.9%).
Li 2026 [44] (China) Residual Prospective; fasted 390 (224) Increased content 53.3% vs. 32.1% after matching, OR 2.52 (1.84-3.45); retinopathy ~ Abstract
content participants with type 2 (OR 1.84) and nephropathy (OR 1.67) predictive; each day since the last dose OR

diabetes

0.77 (0.65-0.90).
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Study (country) Theme Design; setting users) Key finding source
Nersessian 2024 [42] Residual Prospective; elective surgery; 220 (107) Increased content 40% vs. 3%, weighted OR 36.97 (16.54-99.32); still elevated after ~ Full text
(Brazil) content gastric ultrasound holding 8-10 days; no aspiration.
Oates 2026 [46] (USA)  Residual Prospective; elective surgery; 117 (60) No difference in gastric volume (-2.65 mL, 97.5% CI -26.5 to 21.2) or weight- Abstract
content gastric ultrasound adjusted volume; solids in 13 participants, evenly distributed; median last dose 9
days before.
Sen 2024 [41] (USA) Residual Prospective; elective 124 (62) Increased RGC 56% vs. 19%; adjusted PR 2.48 (1.23-4.97), +30.5 percentage points; Abstract
content procedures under anesthesia; hold duration not associated (aOR 0.86).
gastric ultrasound
Sherwin 2023 [6] (USA) Residual Prospective; volunteers 20 (10) Residual solids 70% vs. 10% supine (RR 3.50, 1.26-9.65) and 90% vs. 20% lateral, Full text
content without obesity empty stomach 2 h after water in 30% vs. 90%.
Vlaeminck 2026 [43] Residual Prospective; elective surgery; 88 (44) Full stomach 49% vs. 18%, OR 4.29 (1.63-11.29); solids 42% vs. 7%, OR 9.85 Abstract
(Belgium) content gastric ultrasound (2.57-37.76); calculated volume not different.
Abu-Freha 2024 [24] Residual Retrospective; outpatient 120,879 (1,671) RGC 5.6% vs. 2.0%, aOR 2.13 (1.70-2.68); excess present with diabetes (6.2% vs. Full text
(Israel) content upper endoscopy 3.0%) and without (4.2% vs. 1.9%); 5.6% vs. 1.6% against matched controls.
Bahdi 2026 [85] (USA)  Residual Retrospective; upper 417 upper Retention 4.7% vs. 1% (p = 0.03): 9.5% with upper endoscopy alone vs. 0% when Abstract
content endoscopy * colonoscopy; endoscopies (212) combined with colonoscopy; aborted 1.9% vs. 0.5% (NS); bowel preparation
mostly MAC unaffected; no aspiration.
Chang 2026 [81] (China) Residual Retrospective; upper 3,746 (43) Case-control: GLP-1 RA aOR 13.31 (5.07-34.93) for residual content; diabetic Full text
content endoscopy + colonoscopy complications OR 8.89; residue in 19 of 22 users (86.4%) despite same-day
colonoscopy; no aspiration.
Chapman 2024 [86] Residual Retrospective; upper 168 (84) Poorer mucosal visibility (2.42-fold odds of a low score); retained content 13.1% vs.  Abstract
(USA) content endoscopy 4.8%, aOR 4.62 (p = 0.025); more aborted procedures; no anesthesia events.
Dev 2025 [87] (USA) Residual Retrospective; upper 32,275 (1,179) Procedures aborted for retained food in 0.6% (7/1,179) vs. 0.096% (p < 0.01); no Abstract
content endoscopy aspiration among patients with retained food.
El Sabagh 2026 [48] Residual Retrospective; upper 1,408 (270) RGC aOR 1.52 (0.58-3.99), NS; no more aborted procedures or complications; fewer Full text
(USA) content endoscopy; predominantly post-procedure admissions (OR 0.19, 0.06-0.58).
African American patients
Elimihele 2024 [54] Residual Retrospective; upper 3,415 (34) Residue 3.8% overall and 8.8% (3/34) in users, OR 2.5 (0.75-8.29), NS; all three Full text
(USA) content endoscopy + colonoscopy users had another risk factor (opioid, anticholinergic or glucose 302 mg/dL); opioids
present in 35% of residue cases.
Garza 2024 [50] (USA)  Residual Retrospective; upper 306 users + matched  Solid residue 14% vs. 4%, 15% vs. 2% with complicated diabetes; less residue with ~ Abstract
content endoscopy + colonoscopy controls clear liquids plus colonoscopy (2% vs. 11%) and afternoon procedures (4% vs. 11%);

when residue was found, 22% were intubated and 25% terminated early; no
aspiration.
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Study (country) Theme Design; setting users) Key finding source
Gu 2025 [27] (USA) Residual Retrospective; elective upper 304 (152) RGC 12.5% vs. 1.3% (p < 0.0001); 23% when prescribed for weight loss vs. 2.6% Full text
content endoscopy for diabetes; no effect of dose or duration; 6 of 19 affected procedures aborted.
Hisada 2025 [28] (Japan) Residual Retrospective; screening 296 matched (148) Retained content 12.2% vs. 3.4% after propensity matching (p = 0.009), consistent Abstract
content upper endoscopy across subgroups; more repeat endoscopies; no aspiration pneumonia.
Korlipara 2024 [88] Residual Retrospective; upper 1,212 (602) Semaglutide independently predicted retained solids (OR 4.74, 2.40-9.35); same-day ~ Abstract
(USA) content endoscopy + colonoscopy colonoscopy protective (OR 0.41, 0.23-0.73); intubation rare and unrelated; no
aspiration.
Nadeem 2024 [25] Residual Retrospective; upper 35,183 (922) RGC 13.6% vs. 2.3%, aOR 4.08 (3.25-5.12), with diabetes (aOR 3.78) and without Full text
(USA) content endoscopy (aOR 5.66); aborted aOR 3.87 (2.03-7.37); repeat aOR 2.09; no aspiration among
users.
Nasser 2024 [89] (USA)  Residual Retrospective; upper 209 (70) Food retention 4/23 (17.4%) vs. 0/46 with upper endoscopy alone, none with Secondary
content endoscopy and/or combined colonoscopy; inadequate bowel preparation 21.3% vs. 6.5%; no aspiration.
colonoscopy
Oh 2025 [40] (South Residual Retrospective; upper 493 matched (198) Inadequate mucosal visibility 8.6% vs. 1.4%, OR 6.14 (2.29-20.32); interrupted and ~ Abstract
Korea) content endoscopy; diabetes repeated procedures 7.6% vs. 0.7%; no aspiration.
Panchal 2025 [90] (USA) Residual Retrospective; outpatient 360 users, 298 Solid content OR 3.80 (1.57-9.21), not increased with combined colonoscopy; Abstract
content upper endoscopy + controls aborted 1.3% vs. 0% (p = 0.021); hypoxia 0.2% vs. 0.3%; no aspiration.
colonoscopy
Patel 2026 [49] (USA) Residual Retrospective; upper 150 (73) No significant association between GLP-1 RA use and food retention graded with the Abstract
content endoscopy TiGR scale (p = 0.67); users had more gastroparesis and diabetes.
Quinn 2025 [29] (USA)  Residual Retrospective; elective upper 940 (470) RGC 12.6% vs. 5.5%; OR 1.86 (1.04-3.42), propensity-weighted 1.92 (1.04-3.53); Full text
content endoscopy; propofol suspected aspiration 2 vs. 1, none confirmed.
Robalino Gonzaga 2024  Residual Retrospective; upper 1,046 (73) Retention associated with GLP-1 RA (OR 9.19, 2.73-30.8; highest with tirzepatide) =~ Abstract
[53] (USA) content endoscopy and diabetes (OR 5.6); same-day colonoscopy protective (OR 0.18); no increase in
aspiration.
Silveira 2023 [7] (Brazil) Residual Retrospective; upper 404 (33) RGC 24.2% vs. 5.1%; semaglutide OR 5.15 (1.92-12.92) and GI symptoms OR 3.56; Abstract
content endoscopy; deep sedation or combined colonoscopy protective (OR 0.25); hold duration not associated; one
GA aspiration (semaglutide group).
Ukwade 2025 [91] Residual Retrospective; upper 1,284 (128) RGC 14.1% vs. 3.8%; independent predictors GLP-1 RA (OR 5.4), gastroparesis Full text
(USA) content endoscopy + colonoscopy (4.55) and chronic kidney disease (3.47); same-day colonoscopy preparation
protective (OR 0.157); no excess complications.
Wu 2024 [92] (USA) Residual Retrospective; upper 192 procedures (90)  Visible gastric content 19% vs. 5%, aOR 5.8 (1.7-19.3); urgent intubations 5 vs. 1; Abstract
content endoscopy under anesthesia one aspiration in a user.

care
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Firkins 2025 [22] (USA) Residual Uncontrolled series; upper 1,512 (all users) RGC 9.4% (solid in 78.9%), 11.6% with GI symptoms; aborted 2.0%; two mild Full text
content endoscopy + colonoscopy aspirations (0.1%); same-day colonoscopy protective (aOR 0.34, 0.23-0.51).
Le 2026 [93] (USA) Residual Uncontrolled series; upper 218 (all users) Retained content 20.6%; nine procedures aborted; one aspiration and one intubation ~ Abstract
content endoscopy during the procedure.
Wen 2025 [94] (USA) Residual Uncontrolled series; upper 144 (12) Residual content in 11/12 (92%) patients treated >6 months vs. 0/132 others; no Full text
content endoscopy complications or aspiration.
Adalier 2026 [95] (Italy)  Aspiration SR/MA; endoscopy, elective 20 comparative Pulmonary complications not consistently increased; retained content more frequent;  Full text
and urgent surgery studies procedures abandoned in 0-2%; a single aspiration (1 vs. 0) across comparative
studies.
Al-Majmuei 2026 [96] Aspiration SR/MA; elective non- 7 cohorts (426 to Aspiration rare and not consistently increased with use or continuation; more RGC in  Abstract
(NR) bariatric surgery 275,970 each) endoscopy cohorts without clinical consequence; more pseudarthrosis and dysphagia
after orthopedic or spine surgery (exploratory); low to very low certainty.
Castrillon 2025 [36] Aspiration SR/MA; surgery and 28 studies Aspiration OR 1.04 (0.87-1.25; 9 studies, 185,414 patients, 471 events, low Full text
(Australia) endoscopy certainty); RGC OR 5.96 (3.96-8.98); holding >1 dose reduced RGC (OR 0.51, 0.33-
0.81), not robust to publication-bias adjustment (0.67, 0.38-1.18).
Chang 2024 [97] (USA)  Aspiration SR/MA; endoscopy and 24 studies and case Scoping review: more RGC in 7 of 8 comparative studies (19-56% vs. 5-20%); no Full text
anesthesia reports difference in aspiration in 3 retrospective studies (4.8 vs. 4.6 per 10,000); nearly all
case reports confounded.
Elmati 2025 [55] (USA)  Aspiration SR/MA; endoscopy, mainly 12 studies; 210,216  Aspiration 0.16% vs. 0.12%; OR 1.23 (0.58-2.60), high heterogeneity. Full text
upper (87,691)
Ho 2025 [56] (USA) Aspiration SR/MA; elective surgery and 7 studies Aspiration RR 1.00 (0.76-1.30) for surgery and 1.10 (0.95-1.27) for endoscopy; Full text
upper endoscopy opioids as positive control RR 2.68 (1.89-3.81), showing the approach could detect a
risk.
Merhavy 2026 [98] Aspiration SR/MA; surgery and 32 articles Most studies found more residual content, but associations with regurgitation or Full text
(USA) endoscopy aspiration were inconsistent and heavily confounded.
Tan 2025 [33] (China) Aspiration SR/MA; upper and capsule 39 studies; 1,253,498 RGC OR 4.86 (3.85-6.14); aspiration OR 2.29 (1.36-3.87); aborted OR 3.22 (1.65- Abstract
endoscopy 6.29); repeat OR 2.16 (1.14-4.11); capsule gastric transit +45.5 min.
Wajda 2026 [99] (NR) Aspiration SR/MA; hip and knee 13 cohorts; No association with aspiration or pneumonia; fewer prosthetic infections (OR 0.77),  Abstract
arthroplasty 1,408,609 revisions and readmissions; more periprosthetic fractures at 1 year (OR 1.49).
Mahmoud Issa 2025 [71] Aspiration Prospective; hip and knee 426 (all users) No aspiration (0/426; 95% CI 0-0.9%) although 92% continued treatment until Full text
(Denmark) arthroplasty; mostly spinal & surgery; no stay >2 days due to delayed emptying.
sedation
Potter 2026 [1] (UK) Aspiration Prospective; all surgery; 47,039 (1,348) National cohort: aspiration and/or regurgitation 1.41% (1 in 71) vs. 0.12%, OR 11.39  Full text
mostly GA (6.47-20.05); two confirmed aspirations in users; 53% of events at emergence; gastric

ultrasound used in 1.3%.
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Al Sakka Amini 2024 Aspiration Retrospective; elective upper 118,646 (59,323) Aspiration pneumonitis within 24 h in 10 users (0.017%) vs. 0 controls; respiratory Full text
[100] (USA) endoscopy; sedation failure or ICU admission 0.029% vs. 0.038%, aOR 0.75 (0.40-1.46); same results at
48 h.
Albanese 2026 [101] Aspiration Retrospective; elective 196 (98) No clinically relevant respiratory event; intraoperative course, recovery, discharge, Abstract
(NR) lipoabdominoplasty; GA PONYV and early complications comparable.
Alkabbani 2024 [63] Aspiration Retrospective; upper 43,365 (24,817) Aspiration 4.15 vs. 4.26 per 1,000, RR 0.98 (0.73-1.31); discontinued procedure 9.79  Full text
(USA) endoscopy + colonoscopy vs. 4.91 per 1,000, RR 1.99 (1.56-2.53), mainly with BMI >30; no difference by
anesthesia care.
Amen 2026 [102] (USA) Aspiration Retrospective; elective 2,219 (1:4 matching) No difference in PONV (p = 0.892), intraoperative aspiration (p = 0.409) or 1-year Abstract
shoulder arthroplasty complications.
Anazco 2024 [103] Aspiration Retrospective; upper 4,134 endoscopies Two aspirations (4.8 per 10,000 procedures), similar to 4.6 per 10,000 in a historical ~ Secondary
(USA) endoscopy (2,968 users) cohort without GLP-1 RA; one, with retained food, required intubation and 3 days of
ICU care.
Barlowe 2025 [64] Aspiration Retrospective; outpatient 274,211 (15,119) Pulmonary events rare (6-25 per 10,000); vs. DPP-4 inhibitor users, aspiration RR Full text
(USA) upper endoscopy 0.67 (0.25-1.75), aspiration pneumonia 0.95, pneumonia 1.07, respiratory failure
0.75; lower risks than in chronic opioid users.
Chen 2025 [57] (USA) Aspiration Retrospective; 14 common 366,476 (5,931) Aspiration pneumonia 0.7% vs. 0.6%; aOR 0.78 (0.57-1.06), stable in five sensitivity ~Full text
surgical procedures analyses; acute respiratory failure aOR 0.98 (0.89-1.06).
Chhabra 2025 [104] Aspiration Retrospective; colonoscopy 253,326 (126,663) Aspiration pneumonia RR 0.70 (0.50-0.98); no difference in mechanical ventilation, ~ Abstract
(USA) respiratory failure or hospitalization.
Choi 2026 [61] (USA) Aspiration Retrospective; surgery NR No increase in aspiration against metformin, DPP-4 or SGLT2 inhibitor users; lower ~ Abstract
mortality vs. metformin (RR 0.44, 0.31-0.64) and DPP-4 inhibitors (RR 0.63, 0.45-
0.89).
Fanizza 2026 [74] (USA) Aspiration Retrospective; surgery under 62,688 (31,344) Users vs. non-users: pneumonia or pneumonitis 1.34% vs. 2.05% (OR 0.65), difficult Full text
GA or failed intubation 0.17% vs. 0.16% (OR 1.02), PONV OR 1.22 (1.13-1.32);
pneumonitis higher in users with asthma, COPD or heart failure.
Heo 2026 [105] (USA) Aspiration Retrospective; elective 3,196 (1,598) Postoperative aspiration 0.81% vs. 1.25% (p = 0.39); fewer thromboses and acute Abstract
anterior cervical spine fusion kidney injuries.
Hyung 2026 [106] Aspiration Retrospective; ambulatory 45,636 visits (1,596)  No aspiration in either group; desaturation OR 1.22 (0.38-3.88); PONV requiring an  Abstract
(Canada) eye surgery; mild to moderate antiemetic OR 1.93 (1.29-2.89).
sedation
Kalsi 2025 [107] (USA)  Aspiration Retrospective; outpatient 4,242 (953) No aspiration in either group; less post-procedure oxygen use (OR 0.43, 0.25-0.76);  Abstract

upper endoscopy and
colonoscopy

hospitalization OR 0.73 (0.39-1.36).
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Klonoff 2024 [108] Aspiration Retrospective; 9 elective 13,361 (=2,200) No difference in aspiration or pneumonitis, ileus, hypoglycemia or 30-day mortality; ~ Abstract
(USA) procedures; GA with fewer delayed-emptying events and less antiemetic use; consistent in diabetes plus
intubation obesity.
Kotecha 2026 [67] Aspiration Retrospective; elective 2,510 (655) Target trial emulation: postoperative respiratory complications 5.5% vs. 3.5%, HR Conference
(USA) surgery 1.61 (1.08-2.39); higher with age >50 years, type 2 diabetes and exenatide or abstract
lixisenatide (HR 2.97).
Milne 2024 [70] Aspiration Retrospective; all surgery; 31,816 procedures Elective surgery: regurgitation or aspiration in 3/552 users vs. 14/26,315 non-users,  Full text
(Canada) incident audit (552 elective users)  OR 10.27 (2.94-35.82); events at induction, after supraglottic airway insertion and at
extubation.
Omurzakov 2025 [109] Aspiration Retrospective; elective 4,258 (2,129) No significant difference in complications after matching; aspiration at 1 year 0.9%  Full text
(USA) shoulder arthroplasty vs. 1.1% (p = 0.444); 90-day aspiration too rare to compare.
Peng 2024 [66] (USA) Aspiration Retrospective; upper 82,004 (29,820) Recent (<1 month) vs. earlier users: aspiration pneumonia RR 1.14 (0.88-1.47); no Abstract
endoscopy and colonoscopy increase vs. never-users or by procedure, GA or dosing interval.
Poeran 2025 [58] (USA)  Aspiration Retrospective; elective and 884,621 (17,688) Aspiration 0.06% overall; aOR 0.81 (0.45-1.45), matched OR 0.89 (0.58-1.36); Full text
urgent surgery pneumonia aOR 0.79 (0.66-0.95); respiratory failure aOR 0.95 (0.79-1.14).
Stryelkina 2026 [110] Aspiration Retrospective; upper 13,523 (713) No aspiration among users; aspiration more frequent after upper endoscopy (aOR Abstract
(USA) endoscopy and colonoscopy 2.36) and in Black patients (aOR 2.77); GLP-1 RA not associated.
Velji-Ibrahim 2025 [62]  Aspiration Retrospective; endoscopy, 46,948 (23,474) Aspiration pneumonitis 0.11% vs. 0.12%, HR 0.92 (0.54-1.56); pneumonia HR 1.01  Full text
(USA) mostly colonoscopy (0.83-1.24); no difference by procedure or agent.
Welk 2024 [60] (Canada) Aspiration Retrospective; elective 17,905 (3,833) Postoperative pneumonia at 14 days 2.61 vs. 3.48 per 1,000, OR 0.71 (0.36-1.41); no  Secondary
surgery; GA or spinal excess aspiration-specific outcomes or bronchoscopies.
Wright 2025 [59] (USA)  Aspiration Retrospective; elective 392,065 (15,745) Aspiration 0.8% vs. 0.7% (p = 0.61); aOR 1.07 (0.85-1.34). Abstract
surgery
Wu 2026 [68] (USA) Aspiration Retrospective; surgery; type 592,778 (296,389) Respiratory complications 0.09% vs. 0.34%, RR 0.26 (0.22-0.29); aspiration 0.01%  Abstract
2 diabetes vs. 0.03%, RR 0.31 (0.20-0.49); similar for long- and short-acting agents.
Yang 2026 [69] (USA) Aspiration Retrospective; upper 3,261,113 Aspiration 0.11% overall; adjusted RR 0.70 (0.54-0.92), weighted 0.67 (0.51-0.87);  Full text
endoscopy and/or endoscopies short- and long-acting agents similar.
colonoscopy (=111,000)
Yeo 2024 [65] (USA) Aspiration Retrospective; upper 31,816 (15,908) Aspiration pneumonia 0.83% vs. 0.63%, HR 1.33 (1.02-1.74); HR 1.49 with propofol Full text
endoscopy and/or and 1.48 for upper endoscopy alone; no association for colonoscopy alone or for
colonoscopy SGLT?2 or DPP-4 inhibitor use.
Khak 2025 [2] (USA) Aspiration Uncontrolled series; distal 4,811 (46) Use rose from 0.4% to 2.9% a year; one nausea (2.2%); no aspiration or serious Abstract

radius fracture surgery complication among users.
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Palmer 2025 [73] (USA)  Aspiration Uncontrolled series; elective 83 (all users) No intraoperative aspiration; one full stomach requiring a nasogastric tube (escalation Abstract
joint arthroplasty phase, semaglutide 1 mg 5 days before); 90-day medical complications 4.8%, none
attributed to GLP-1 RA.
Zapp 2026 [72] (USA) Aspiration Uncontrolled series; elective 155 procedures (all ~ Semaglutide continued: no aspiration or respiratory complication (0/155); one Full text
eye surgery; moderate users) nausea, no vomiting; stable SpO2.
sedation
Ahmad 2026 [17] (USA) Interruption/fa RCT; upper endoscopy + 60 analyzed (all OCULUS trial: RGC 25.0% when continued vs. 3.1% after holding one dose Full text
sting colonoscopy; moderate users) (difference 21.9%, 90% CI 7.0-36.7), stopped early; 46.7% vs. 5.0% for upper
sedation or MAC endoscopy alone, 0% in both arms with colonoscopy preparation; no aspiration.
Abdallah 2026 [16] Interruption/fa  SR/MA; elective endoscopy 19 studies + 1 A 24-h liquid diet, interruption >7-8 days and gastric ultrasound were each associated Full text
(Jordan) sting and surgery database with less residual content; aspiration rare (0/426 in one prospective study; 0.8% vs.
0.7%, aOR 1.07 (0.85-1.34) in one database).
Boudreau 2026 [23] Interruption/fa  Prospective; elective surgery; 93 (52) RESIDUAL study: increased content in 42% of users after holding >7 days vs. 24%  Full text
(Canada) sting gastric ultrasound of controls; adjusted PR 1.65 (0.70-3.70); solids in 82% of positive scans; no effect
of hold duration (OR 1.08 per day) or dose.
Pai 2026 [52] (USA) Interruption/fa  Prospective; surgery and 316 (all users) Elevated gastric content in 35.8%; associated with hold <7.5 days, solid fast <21.3h  Abstract
sting procedures; gastric and recent opioid use; no effect of indication, route or treatment duration.
ultrasound
Shahidifar 2026 [47] Interruption/fa  Prospective; fasted 134 (74) Solids 5.4% vs. 5.0% (p = 0.56); among users, solids with shorter fasts (10.9 vs. 13.1  Abstract
(USA) sting participants; gastric POCUS h); volume fell 2.26 mL per fasting hour; time since last dose not associated.
Wolla 2025 [45] (USA)  Interruption/fa  Prospective; elective surgery; 206 (106) Median volume 0.61 vs. 0.16 mL/kg; full stomach OR 11.3 (5.2-24.7); higher volume Full text
sting gastric ultrasound if last dose <7 days, no difference between 7-14 and >14 days; surgery delayed or
cancelled 5.6% vs. 0%; one aspiration in a user.
Dong 2026 [75] (China)  Interruption/fa Retrospective; upper 16,067 (165) RGC 0.4% in non-users, 5.83% with continuation (OR 10.68, 3.74-30.55) and 1.61%  Abstract
sting endoscopy + colonoscopy after a 2-week hold (OR 2.99, 0.37-23.89); obesity (BMI >28) raised risk about 10-
fold despite holding.
Jirapinyo 2025 [76] Interruption/fa  Retrospective; bariatric upper 629 (all users) Continued (n = 483) vs. held (n = 146): early termination 1.4% vs. 0% (p = 0.36); Abstract
(USA) sting endoscopy RGC 6.4% vs. 2.7% (p = 0.09); no aspiration.
Phan 2025 [51] (USA) Interruption/fa  Retrospective; endoscopy 815 (all users) Retained content 8.7% (93% in patients with diabetes); 4.4% with ASA-concordant  Abstract
sting hold vs. 12.7% without (p < 0.001); 36% higher risk per 1% HbA1c; one unplanned
intubation, no aspiration.
Santos 2024 [26] Interruption/fa  Retrospective; upper 1,094 (123) RGC 20.3% vs. 3.2%; weighted OR 10.0 if held <8 days and 4.59 at 8-14 days; GI Full text
(Brazil/Canada) sting endoscopy; deep sedation or symptoms OR 15.1; only a hold >14 days without symptoms lost the association (OR

GA 0.77, 0.22-2.01); one aspiration.
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Skidmore 2025 [111] Interruption/fa  Retrospective; ambulatory 107 (all users) Recovery-room SpO2 decrease 1.5% (hold <7 days) vs. 1.8% (>7 days), p=0.41; Full text
(USA) sting urologic surgery similar glucose; larger decrease with morbid obesity (2.29% vs. 1.43%).
Trykall 2026 [78] (USA) Interruption/fa Retrospective; elective 168 encounters (all ~ Before-and-after comparison: perioperative glycemic control similar whether Abstract
sting surgery users) treatment was continued or held (77.8% vs. 82.8% on target, p = 0.44; 80.7% vs.
84.2% after matching).
Muranaka 2025 [82] Strategy/guida  Prospective; elective surgery; 25 (all users) Empty stomach in 20/25, operated the same day without complication; solids in 5/25, Full text
(USA) nce gastric POCUS postponed; full stomach in 3/4 with last dose 1-3 days before vs. 2/21 at 4-6 days (p
=0.02).
Wilson 2026 [79] (USA)  Strategy/guida  Prospective; elective upper 256 (NR) Retained content 8% vs. 6% (p = 0.55); no aspiration, aborted procedure or Abstract
nce endoscopy; sedation conversion to GA; endoscopist concern more frequent (19% vs. 7%).
Ghazanfar 2024 [80] Strategy/guida  Retrospective; upper 306 (all users) Food residue 1.5% after a liquid diet vs. 10% on a regular diet (p = 0.03); residue in ~ Full text
(USA) nce endoscopy + colonoscopy 13% of symptomatic patients, all on a regular diet; no complications or aspiration.
Mendez-Pino 2026 [77]  Strategy/guida Retrospective; upper 337 (all users) Retained content 8.4%; solid fast >15 h protective (aOR 0.33, 0.13-0.81); hold <7 Abstract
(USA) nce endoscopy days aOR 5.23 (0.67-39.38), NS; liquid fast, diabetes and treatment duration not
associated.
Maselli 2024 [112] Strategy/guida  Uncontrolled series; 57 (all users) GLP-1 RAs continued: no retained solids, aspiration, regurgitation or hypoxia. Abstract
(USA) nce endoscopic sleeve
gastroplasty
Tsakas 2026 [84] (NR) Strategy/guida  Uncontrolled series; surgery; 118 (all users) Semaglutide identified at preassessment in 75% and aspiration risk documented in Abstract
nce single-center audit 33%; gastric ultrasound and prokinetics each used in 3.4%; no adverse events.
Bang 2026 [14] (South Strategy/guida  Guideline; anesthesia for NA Korean Society of Anesthesiologists: continue in most patients; 24-h clear-liquid Full text
Korea) nce surgery and procedures diet; gastric ultrasound if symptoms or diet not followed; an inconclusive scan does
not mean an empty stomach.
El-Boghdadly 2025 [10]  Strategy/guida  Guideline; elective surgery NA UK multidisciplinary consensus: continue GLP-1 RAs; shared decision-making; Full text
(UK) nce and procedures usual fasting; symptoms do not predict gastric content; consider gastric ultrasound
and mitigation (regional anesthesia, RSI, awake extubation).
Facciorusso 2026 [13] Strategy/guida  Guideline; upper endoscopy ~ NA (meta-analysis Italian Society of Gastroenterology: no routine interruption before upper endoscopy  Full text
(Ttaly) nce and colonoscopy update, 18 studies) (conditional, very low evidence); liquid diet the day before for long procedures or
symptoms; updated RGC OR 5.43 (3.72-7.91); no extra measures for colonoscopy.
Haskins 2026 [83] (USA) Strategy/guida  Guideline; regional NA ASRA Pain Medicine recommendations: gastric ultrasound recommended in labor, Abstract
nce anesthesia and pain urgent cesarean delivery and diabetes; conditional support for GLP-1 RA users,
procedures obesity, emergencies and enteral feeding; complements clinical judgment.
Hocking 2025 [12] Strategy/guida  Guideline; surgery, NA ADS/ANZCA/GESA/NACOS: ask every patient; continue therapy; 24-h clear-liquid ~ Abstract
(Australia/NZ) nce endoscopy and sedation diet plus 6-h fast; if not followed, gastric ultrasound or light-sedation endoscopy and
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IV erythromycin; absent symptoms do not stratify risk; no hold interval can be
recommended as sufficient.

Kindel 2024 [9] (USA) Strategy/guida  Guideline; surgery and GI NA AGA/ASMBS/ASA/ISPCOP/SAGES guidance: identify high-risk features Full text
nce endoscopy (escalation, high dose, weekly agent, GI symptoms, other gastroparesis); continue if
absent; if present, shared decision, 24-h liquid diet, gastric ultrasound, RSI or
postponement.
Oprea 2025 [11] (USA)  Strategy/guida  Guideline; surgery and NA SPAQI consensus: continue unless significant GI symptoms; 24-h solid fast, sugared ~ Full text
nce procedures liquids until 8 h and clear liquids until 4 h; refer symptomatic patients to the
prescriber before surgery.
Triantafyllou 2026 [15]  Strategy/guida  Guideline; GI endoscopy NA ESGE/ESGENA guideline: individualize sedation in GLP-1 RA users (conditional Abstract
(Europe) nce under sedation recommendation, very low-quality evidence); propofol first line; capnography when

the risk of hypoxemia is increased.

Studies are grouped by theme, then by design and first author. Values in parentheses after effect estimates are 95% Cls unless stated otherwise; comparisons are GLP-1 RA users vs.
non-users unless stated otherwise. Data source: full text, published abstract, conference abstract, or secondary sources (supplementary material and tables of published reviews) for
research letters without an abstract. ADS: Australian Diabetes Society; AGA: American Gastroenterological Association; ANZCA: Australian and New Zealand College of
Anaesthetists; aOR: adjusted odds ratio; ASA: American Society of Anesthesiologists; ASMBS: American Society for Metabolic and Bariatric Surgery; ASRA: American Society of
Regional Anesthesia and Pain Medicine; BMI: body mass index; CI: confidence interval; COPD: chronic obstructive pulmonary disease; DPP-4: dipeptidyl peptidase-4; ESGE:
European Society of Gastrointestinal Endoscopy; ESGENA: European Society of Gastroenterology and Endoscopy Nurses and Associates; GA: general anesthesia; GESA:
Gastroenterological Society of Australia; GI: gastrointestinal; GLP-1 RA: glucagon-like peptide-1 receptor agonist; HbAlc: glycated hemoglobin; HR: hazard ratio; ICU: intensive
care unit; ISPCOP: International Society of Perioperative Care of Patients with Obesity; IV: intravenous; MAC: monitored anesthesia care; NA: not applicable; NACOS: National
Association of Clinical Obesity Services; NR: not reported; NS: not significant; NZ: New Zealand; OR: odds ratio; POCUS: point-of-care ultrasound; PONV: postoperative nausea
and vomiting; PR: prevalence ratio; RCT: randomized controlled trial; RGC: residual gastric content; RR: risk ratio; RSI: rapid sequence induction; SAGES: Society of American
Gastrointestinal and Endoscopic Surgeons; SGLT2: sodium-glucose cotransporter-2; SPAQI: Society for Perioperative Assessment and Quality Improvement; SpO2: peripheral
oxygen saturation; SR/MA: systematic review or meta-analysis; TIGR: Tampa Intraluminal Gastric Residue; UK: United Kingdom; USA: United States.
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