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Perioperative Management of Patients Taking Glucagon-
like Peptide-1 Receptor Agonists: Applying Evidence to 
Clinical Practice
Adriana D. Oprea, M.D., Guillermo E. Umpierrez, M.D., BobbieJean Sweitzer, M.D., David L. Hepner, M.D., M.P.H., FASA

Glucagon-like peptide-1 (GLP-1) receptor agonists, intro-
duced in clinical practice in 2005, have revolutionized 

the treatment of type 2 diabetes, and their use represents a 
paradigm shift. GLP-1 receptor agonists have allowed for bet-
ter control of glycemia when compared to basal insulin with 
minimal risk of hypoglycemia.1 The number of prescriptions 
for this medication class have risen sharply, with introduc-
tion of new pharmacologic agents and the wide adoption of 
GLP-1 receptor agonists for treatment of obesity. Clinicians 
frequently care for patients prescribed GLP-1 receptor ago-
nists and need to be familiar with perioperative consider-
ations. The anesthetic plan needs to be tailored based on the 
specific drug, the dosing schedule, fasting time, gastrointes-
tinal symptoms, and the planned procedures. In this article, 
we discuss the pharmacokinetics of GLP-1 receptor agonists, 
mitigating factors affecting risks of aspiration, and risks and 
benefits of stopping or continuing GLP-1 receptor agonists 
perioperatively. We also propose a framework for periproce-
dural management of patients taking GLP-1 receptor agonists.

Perioperative Concerns and Currently 
Recommended Management
The clinical benefits of GLP-1 receptor agonists are derived 
partly through their propensity to slow down gastrointestinal 
motility. In the outpatient setting, reported gastrointestinal 
adverse events related to GLP-1 receptor agonists have risen 
as their utilization has surged.2 Most commonly reported 
side effects are abdominal pain (57.6%), nausea and vom-
iting (23.4%), constipation (30.4%), and diarrhea (32.7%).3 
Gastrointestinal side effects occur for both short- and 
long-acting preparations, and for subcutaneously and orally 
administered preparations. Typically, these adverse effects are 
not serious, are self-limited, and are more pronounced at the 
initiation of the drug or during dose escalation phases. They 
often subside when maintenance doses are reached.

GLP-1 receptor agonists’ ability to slow gastric emp-
tying to a gastroparesis level has translated into con-
cerns for perioperative aspiration.4,5 Multiple case 
reports, case series, and studies have been published since 
2022.6–21 These concerns led the American Society of 
Anesthesiologists (ASA; Schaumburg, Illinois) to publish 
a consensus-based guidance suggesting that patients dis-
continue GLP-1 receptor agonists for 1 day for short-act-
ing preparations and 1 week for long-acting preparations, 
while observing the current ASA fasting guidelines with-
out any modifications.22 However, the ASA recommen-
dations have been questioned because of the lack of data 
supporting them and new data that are rapidly emerging.

GLP-1 Receptor Agonists and Their 
Pharmacologic Properties
There are several GLP-1 receptor agonists currently 
available (table 1). Short-acting preparations include lix-
isenatide and exenatide. The lixisenatide-alone formu-
lation was withdrawn from the United States market in 
January 2023 but remains available in Europe. Lixisenatide 
is currently available only in combination with long- 
acting insulin in the United States. Exenatide is available 
as a short-acting twice-daily subcutaneous preparation or 
as a long-acting weekly formulation with the drug slowly 
released from a matrix. Other long-acting GLP-1 receptor 
agonists include liraglutide, dulaglutide, and semaglutide. 
Liraglutide is mostly albumin-bound, thus having a res-
ervoir for prolonged release, which accounts for its long 
half-life.26 Dulaglutide is a GLP-1 molecule coupled with 
an immunoglobulin Fc fragment leading to slow degrada-
tion. Semaglutide is available in two forms: a weekly long- 
acting preparation, which is albumin-bound, and an oral 
form with low bioavailability after ingestion leading to the 
need for daily dosing.26

Jerrold H. Levy, M.D., F.A.H.A., F.C.C.M., Editor

This article has been selected for the Anesthesiology CME Program (www.asahq.org/JCME2024DEC). Learning objectives and disclosure and ordering information can be found in 
the CME section at the front of this issue. This article is featured in “This Month in Anesthesiology,” page A1. This article is accompanied by an editorial on p. 1031.

Submitted for publication May 31, 2024. Accepted for publication August 20, 2024. Published online first on October 29, 2024.

Adriana D. Oprea, M.D.: Department of Anesthesiology, Yale School of Medicine, New Haven, Connecticut.

Guillermo E. Umpierrez, M.D.: Division of Endocrinology, Emory University School of Medicine, Atlanta, Georgia. 

BobbieJean Sweitzer, M.D.: Department of Anesthesiology and Surgical Services, Inova Health Foundation, Falls Church, Virginia; and Department of Medical Education, University 
of Virginia, Charlottesville, Virginia.

David L. Hepner, M.D., M.P.H., FASA: Department of Anesthesiology, Perioperative and Pain Medicine, Brigham and Women's Hospital and Harvard Medical School, Boston, MA.

Copyright © 2024 American Society of Anesthesiologists. All Rights Reserved. Anesthesiology 2024; 141:1141–61. DOI: 10.1097/ALN.0000000000005204

Copyright © 2024 American Society of Anesthesiologists. All Rights Reserved. Unauthorized reproduction of this article is prohibited.<zdoi;10.1097/ALN.0000000000005204>

D
ow

nloaded from
 http://pubs.asahq.org/anesthesiology/article-pdf/141/6/1141/716021/20241200.0-00020.pdf by Inova H

ealth System
, BobbieJean Sw

eitzer on 04 D
ecem

ber 2024

mailto:
mailto:
mailto:
mailto:


1142	 Anesthesiology 2024; 141:1141–61	 Oprea et al.

Clinical Focus Review

Tirzepatide is a dual GLP-1 receptor agonist and glucose- 
dependent insulinotropic polypeptide (GIP) dosed weekly 
and approved for treatment of diabetes mellitus and obesity. 
The various GLP-1 receptor agonists and their pharma-
cologic properties are presented in table 1. Orforglipron, a 
daily oral GLP-1 receptor agonist, and retatrutide, a triple 
GLP-1, GIP, and glucagon receptor agonist administered 
subcutaneously, are in late phases of development.27–29

Perioperative Considerations
General principles guiding perioperative medication manage-
ment include a thoughtful assessment of the risks and ben-
efits of continuing or discontinuing a medication based on 
the indication, pharmacokinetics, and potential interactions 
with anesthetic agents. In certain circumstances, the planned 
procedure and the anesthetic are important considerations. 
Medications are withheld perioperatively in select circum-
stances when risks are perceived to outweigh benefits and no 
alternative measures can mitigate the periprocedural risks.

Benefits versus Risks of Continuing GLP-1 
Receptor Agonists
In patients with diabetes mellitus, GLP-1 receptor ago-
nists reduce glycemia through multiple mechanisms such as 

slowing gastric emptying, increasing pancreatic insulin secre-
tion, decreasing glucagon release, and decreasing appetite.30,31 
In the outpatient setting, cardiovascular outcome trials and 
metanalyses demonstrate that GLP-1 receptor agonists 
reduce major adverse cardiovascular events, including acute 
myocardial infarction, stroke, and mortality in individuals 
with multiple cardiovascular risk factors and either type 2 
diabetes or obesity.32–34 The American Diabetes Association 
(Arlington, Virginia) and the American Association of 
Clinical Endocrinology (Jacksonville, Florida) recommend 
GLP-1 receptor agonists as first-line drugs along with met-
formin for patients with type 2 diabetes with an established 
or high risk of atherosclerotic cardiovascular disease, stroke, 
transient ischemic attacks, or chronic kidney disease.35,36

There are emerging data of the benefits of continuing 
GLP-1 receptor agonists during the perioperative period 
specifically in patients with diabetes mellitus.

•	 Studies in cardiac surgery show glycemia benefit of 
GLP-1 receptor agonists (liraglutide and exenatide) when 
compared to insulin, and delayed initiation and lower 
doses of insulin needed for glycemic control37–42 (table 2).

•	 Benefits of GLP-1 receptor agonist such as better gly-
cemia control and fewer prosthetic joint infections 
have been described in patients having noncardiac 
surgeries. These effects are possibly explained by the 

Table 1.  GLP-1 Receptor Agonist Medications, Their Pharmacologic Properties, and Indications

Medication
(Brand Name) Administration Half-life

Time to Peak 
Effect

Steady 
State Dose Escalation Indication

Short-acting GLP-1 receptor agonist
Exenatide (Byetta; AstraZen-

eca, UK)
Subcutaneous 

twice daily
3.3–4 h 3 h 5 µg for 1 mo,

10 µg (maximum dose)
Diabetes

Lixisenatide (Lyxumia; Sanofi, 
France)

Subcutaneous 
once daily

2.6 h 2 h 10 µg for 2 wk, 20 µg (maximum dose) Diabetes

Long-acting GLP-1 receptor agonist
Exenatide (Bydureon 

BCise; AstraZeneca) 
Subcutaneous 

once weekly
4–8 h 6–7 wk23 2 mg weekly Diabetes

Liraglutide (Victoza, 
Saxenda; Novo Nordisk, 
Denmark)

Subcutaneous 
once daily

12.6–14.3 h 12 h 3 d24 0.6 mg for 1 wk,
1.2 mg for 1 wk,
1.8 mg (maximum dose)

Diabetes (Victoza)
Obesity (Saxenda)

Dulaglutide (Trulicity; Eli 
Lilly, USA)

Subcutaneous 
once weekly

4.7–5.5 d 48 h 2–4 wk25 0.75 mg for 4 wk,
1.5 mg for 4 wk,
4.5 mg (maximum dose)

Diabetes

�Se�maglutide  (Ozempic, 
Wegovy; Novo Nordisk)

Se�maglutide (Rybelsus; Novo 
Nordisk)

Subcutaneous 
once weekly

Oral once daily

5.7–6.7 d
5.7–6.7 d

24 h
1–4 h

4–5 wk 0.25 mg for 4 wk,
0.5 mg for 4 wk,
1 mg for 4 wk,
1.7 mg for 4 wk (Wegovy)
2.4 mg (Wegovy maximum dose); 2 mg 

(Ozempic maximum dose)
3 mg for 4 wk,
7 mg for 4 wk,
14 mg (maximum dose)

Diabetes (Ozempic)
Obesity (Wegovy, Rybelsus)

Dual GLP-1/GIP receptor agonist
 � Tirzepatide (Mounjaro, 

Zepbound; Eli Lilly)
Subcutaneous 

once weekly
8–72 h 4 wk 2.5 mg for 4 wk, escalate by 2.5 mg every 

4 wk up to 15 mg (maximum dose)
Diabetes (Mounjaro)
Obesity (Zepbound)

GIP, glucose-dependent insulinotropic polypeptide; GLP-1, glucagon-like peptide-1.
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immunomodulatory and anti-inflammatory effects of 
GLP-1 receptor agonists43,44 (table 2).

•	 There is a lack of data on the benefits of continuing 
GLP-1 receptor agonists in patients with obesity, because 
all the studies to date have been performed in patients 
with diabetes mellitus.

The perioperative risks of continuing GLP-1 receptor 
agonists pertain to their propensity to delay gastric emp-
tying, and concerns for perioperative aspiration of gastric 
contents. Self-reported symptomatology such as nausea and 
vomiting suggests delayed gastric emptying.45 However, lack 
of symptoms correlate poorly with gastric emptying. Data 
show that even when patients report no symptoms, they 
can still have significantly altered gastric emptying times.45 
Evidence of delayed gastric emptying from GLP-1 receptor 
agonist comes from case reports and case series (table 3) and 
from outpatient gastric emptying studies (table 4).6–21,46–88

A summary of studies and case reports of aspiration 
events and residual gastric contents assessed by ultrasonog-
raphy or endoscopy is shown in table 3.

•	 It is notable that in these reports, the patients followed 
current recommendations for fasting (i.e., 8 h fasting 
time for solids and 2 h for liquids).89

•	 Although the number of aspiration events is small, the 
vast majority occurred in patients receiving monitored 
anesthesia care. In a retrospective database review of 
patients having esophagogastroduodenoscopy, the only 
two aspiration events occurred in patients receiving 
monitored anesthesia care, and aspiration rates were 
comparable to those seen in the general population of 
patients receiving anesthesia.19

•	 The risk of aspiration does not appear to be increased in 
patients having emergency surgeries who have not had 
time to stop their GLP-1 receptor agonist, which may 
be partly due to the use of rapid sequence induction and 
intubation.20 Also, general endotracheal anesthesia seems 
to protect against the risk of aspiration.48

While the risk of aspiration is present and should not 
be underappreciated, the evidence for delayed gastric emp-
tying primarily comes from outpatient data. The data on 
gastric emptying in patients on GLP-1 receptor agonist are 
heterogeneous in nonprocedural and nonsurgical settings 
(table 4), and interpretation is nuanced.

•	 These data are mixed with respect to the method used 
to assess gastric emptying; the studied population, which 
included patients with obesity, diabetes, or healthy vol-
unteers; the reported results; and perioperative relevance.

•	 The most accurate assessment of gastric emptying is the 
nuclear scintigraphic method, which evaluates solid food 
retention in the stomach. The gastric motility breath test 
is another infrequently used study to measure solid con-
tent transit times. However, few studies have assessed gas-
tric emptying in patients taking GLP-1 receptor agonist 

using these methods. A recent metanalysis of studies 
looking at GLP-1 receptor agonist effects on gastric 
emptying reported prolonged times required for 50% of 
ingested gastric contents to leave the stomach. Patients 
taking GLP-1 receptor agonist had a time required for 
50% of ingested gastric contents to leave the stomach 
of 138.4 min (95% CI, 74.5 to 202.3) versus 95.0 min 
(95% CI, 54.9 to 135.0) for the placebo group, with a 
pooled mean difference of 36.0 min (P < 0.01).88 This 
evidence supports a delayed gastric emptying of solid 
foods being decreased in patients taking GLP-1 receptor 
agonists.

•	 The majority of studies have used an acetaminophen 
absorption test, which assesses gastric emptying of liq-
uids rather than solids. Consequently, many experts 
consider data obtained from acetaminophen absorption 
studies inadequate to base clinical decisions ofor patients 
on GLP-1 receptor agonists.88 A metanalysis of 10 stud-
ies with 411 individuals using an acetaminophen test 
showed no significant delay in gastric emptying at 1, 
4, and 5 h in patients taking GLP-1 receptor agonist.90 
These data point toward normal emptying of liquids in 
these patients.

•	 There is a difference between short- and long-acting 
drugs and their effects on gastric emptying. The plasma 
concentration of short-acting drugs peaks and decreases 
rapidly. This intermittent stimulation of the GLP-1 
receptor may impact gastric emptying more than occurs 
with long-acting drugs, which continuously stimulate 
receptors, resulting in tachyphylaxis. It may take weeks 
to months for patients on short-acting medications to 
develop tachyphylaxis compared to 4 to 5 weeks for 
long-acting preparations.73

•	 Data on tachyphylaxis for long-acting preparations are 
mixed as well, with some studies showing that even 
long-acting preparations (liraglutide, weekly semaglu-
tide, long-acting exenatide) significantly delay gastric 
emptying.62,65,67 These data are corroborated by a met-
analysis reporting that the type of GLP-1 receptor ago-
nist did not correlate with the gastric emptying effects 
regardless of the type of assessment (scintigraphy or acet-
aminophen absorption).90

•	 Gastric emptying studies have not assessed effects beyond 
4 to 6 h. The limited evidence from emptying studies 
using scintigraphy have detected a prolongation (138 vs. 
95 min) of gastric emptying measured at 4 h, which is 
much less than the recommended fasting time for solids, 
but longer than that recommended for liquids.

•	 Gastric emptying effects are more pronounced in the first 
few weeks after initiating GLP-1 receptor agonists or esca-
lating doses. During this time, gastric emptying for liquids 
can be prolonged as assessed by acetaminophen tests.13,87

Overall, while the current gastric emptying stud-
ies may be difficult to interpret and extrapolate to the 
perioperative setting, the data point toward a prolonged 

Copyright © 2024 American Society of Anesthesiologists. All Rights Reserved. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://pubs.asahq.org/anesthesiology/article-pdf/141/6/1141/716021/20241200.0-00020.pdf by Inova H

ealth System
, BobbieJean Sw

eitzer on 04 D
ecem

ber 2024



1144	 Anesthesiology 2024; 141:1141–61	 Oprea et al.

Clinical Focus Review

gastric emptying time for solids. In addition, the pres-
ence of residual gastric contents directly observed via 
endoscopy in patients fasting for solids between 8 and 
18 h provides irrefutable evidence that gastric emptying 
time for solids is affected, regardless of the duration of 
therapy or patients being in a maintenance phase.12,21 
While effects on gastric emptying for solids are more pro-
nounced with short-acting preparations and long-acting 
GLP-1 receptor agonists during therapy initiation or dose 
escalation, some studies show delays in gastric emptying 
even during the maintenance phase. Emptying time for 
liquids may not be as significantly impacted with long- 
acting preparations during steady state due to tachy-
phylaxis. However, liquid emptying remains slightly 
prolonged with short-acting preparations, and during 
start of therapy or dose escalation periods with long- 
acting GLP-1 receptor agonists.13,86

Benefit versus Risks of Stopping GLP-1 Receptor 
Agonists
The potential benefit of stopping GLP-1 receptor agonists for 
only one pharmacologic half-life has come under scrutiny. 
There are several considerations that counter the benefit of 
stopping the GLP-1 receptor agonist, including the following:

•	 Pharmacokinetic data demonstrate that there is residual 
circulating drug after missing one dose of both short- 
and long-acting GLP-1 receptor agonists.
♦	 Pharmacokinetic modeling of liraglutide shows that 

at the end of one half-life of elimination, the blood 
concentration is higher in patients taking 1.8 mg 
compared to the peak concentration of liraglutide 
0.6 mg24 (fig. 1).

♦	 The simulated semaglutide concentration dosed at 
1 mg showed that when missing one dose, there was 

Table 2.  Studies on Perioperative Benefit of GLP-1 Receptor Agonists

Reference
Type of 
Study

GLP-1 
Receptor 
Agonist Study Protocol Results

Cardiac surgery
Polderman37  

2018
Randomized 

controlled 
trial

Liraglutide Liraglutide 0.6 mg subcutaneously the evening 
before procedures and 1.2 mg the day of the 
procedures vs. insulin by infusion or bolus.

• M e�an plasma glucose concentrations 1 h postoperatively were signifi-
cantly lower in the liraglutide group (6.6 mM) vs. the insulin infusion 
(7.5 mM; P = 0.026) and bolus groups (7.6 mM; P = 0.006)

•  No� difference in the incidence of hypoglycemia and postoperative 
complications between groups

Hulst38 2020 Randomized 
controlled 
trial

Liraglutide Liraglutide 0.6 mg subcutaneously the evening 
before procedures and 1.2 mg after anesthesia 
induction in patients with low nausea scores 
vs. insulin protocol.

• M e�an blood glucose concentrations, and dose and number of 
insulin injections, were lower in liraglutide group vs. insulin 
protocol group

•  No� difference in the incidence of hypoglycemia, mortality, and 
postoperative complications between groups

Makino39 2019 Randomized 
controlled 
trial

Liraglutide Liraglutide 0.3 mg subcutaneously on days –2 
and –1, and 0.6 postoperative days 1 to 10 in 
addition to insulin.

•  Gl�ucose concentrations closer to target range in the combination 
group vs. insulin-only group

•  Lower incidence of hypoglycemia in the liraglutide group
Lipš40 2017 Randomized 

controlled 
trial

Exenatide Exenatide or placebo, continuous 72-h IV infusion 
plus standard perioperative insulin therapy 
starting 12 h before surgery.

•  Im�proved perioperative glucose control with exenatide, with average 
glucose 6.4 mM (exenatide) vs. 7.3 mM (placebo); P < 0.001)

•  Gl�ucose concentration in the target range of 4.5 to 6.5 mM in the 
exenatide group 54.8% of the time vs. 38.6% in the control 
group (P = 0.001)

•  No difference in hypoglycemia risk between groups
Besch41 2017 Randomized 

controlled 
trial

Exenatide Exenatide infusion. • E x�enatide failed to show superior glycemia values in patients 
having coronary artery bypass grafting, but exenatide reduced 
overall consumption of and delayed time to initiation of insulin 
compared to controls

Noncardiac surgery
Kaneko43 

2018
Randomized 

controlled 
trial

Liraglutide Liraglutide 0.6 mg subcutaneously at least a week 
before procedures; dose doubled every 1 to 2 
days if no reported gastrointestinal symptoms. 
Liraglutide reduced by 0.6 mg on the day of sur-
gery and postoperative day 1, and then increased 
to the previous maximum on postoperative day 2.

• M o�re stable glucose concentrations with liraglutide, fewer patients 
requiring additional insulin (P = 0.005), and a significant 
reduction of the insulin dosage on day of surgery (P = 0.004) in 
patients having orthopedic, thoracic, otolaryngological, urologi-
cal, hepatic, gynecological, and breast surgeries

Magruder44 
2024

Observational Semaglu-
tide

Semaglutide vs. no GLP-1 receptor agonist. •  In �patients with diabetes mellitus having primary hip arthroplasties, 
semaglutide had lower rates of readmissions within 90 days of 
surgery (6.2% vs. 8.8%; P < 0.01) and fewer prosthetic joint 
infections (1.6 vs. 2.9%; odds ratio, 0.56; P < 0.01) compared to 
patients with diabetes mellitus not on a GLP-1 receptor agonist

GLP-1, glucagon-like peptide-1; IV, intravenous.
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Table 3.  Clinical Evidence of Decreased Gastric Emptying in Patients Taking GLP-1 Receptor Agonists

Author

GLP-1 
Receptor 

Agonist (No. of 
Patients)

Study 
Type

Indication 
for GLP-1 
Receptor 
Agonist

Procedure/
Anesthetic

Length of 
Fasting Findings Comments

Aspiration events or regurgitation of gastric contents
Gulak and 

Murphy6

Semaglutide Case report Obesity Breast lumpectomy 
with general 
anesthesia

20 h (solids),
8 h (liquids)

Regurgitation of gastric contents 
upon standard induction

Semaglutide 0.5 mg for 5 mo, 
taken 2 days before surgery

Klein and 
Hobai7

Semaglutide Case report Obesity Upper endoscopy 
with monitored 
anesthesia care

18 h Increased residual gastric 
contents before endotracheal 
intubation

Semaglutide started 2 mo 
before procedure, most 
recent dose 1.7 mg

Avraham et 
al.9

Semaglutide (n 
= 2)

Case report Obesity, 
type 2 
diabetes

General anesthesia 
for endoscopic 
retrograde 
cholangiopan-
creatography and 
breast abscess

8–12 h Regurgitation of gastric contents Semaglutide 1 mg taken 
4 and 6 days before 
procedure

Weber et 
al.46

Tirzepatide Case report Obesity General anesthesia 
with supraglot-
tic airway for 
hysteroscopy

“Appro-
priately 
fasted”

Regurgitation of gastric contents Tirzepatide recently started

Yeo et al.47 GLP-1 receptor 
agonist users 
(n = 46,935) 
vs. nonusers  
(n = 916,249)

Retro-
spective 
database 
cohort

Type 2 
diabetes, 
obesity

Upper endoscopies 
± colonoscopies

Not reported Increase in aspiration pneumonia 
in GLP-1 receptor agonist 
users vs. nonusers

(hazard ratio,
1.33; P= 0.036)

-GLP-1 receptor agonist 
users defined as taking 
medication for more than 
6 mo and two refills within 
6 mo before procedures 
-Increased hazard ratio for 
propofol-assisted endos-
copies (hazard ratio, 1.49; 
P=0.014) vs. no propofol 
(hazard ratio, 1.31; P= 
0.310)

GLP-1 receptor agonist users 
at increased risk with 
upper endoscopy (hazard 
ratio, 1.48; P =0.002) and 
combined upper and lower 
endoscopies (hazard ratio, 
2.26; P= 0.007) but not 
lower endoscopy (hazard 
ratio, 0.56; P =0.160)

Anazco et 
al.19

GLP-1 receptor 
agonist users 
(n = 4,134)

Retrospec-
tive

Type 2 
diabetes, 
obesity

Upper endoscopies Not reported Two episodes of aspiration pneu-
monia, both with monitored 
anesthesia care

Rates of aspiration similar to 
historical cohort 4.6 per 
10,000 vs. 4.8/10,000

Dixit et al.20 GLP-1 receptor 
agonist users 
(n = 3,502) vs. 
nonusers (n = 
20,177)

Retro-
spective 
database

Type 2 
diabetes

Emergency sur-
geries

Not reported Aspiration events 3.5% in GLP-1 
receptor agonist users vs. 
4.0% in nonusers (adjusted 
odds ratio, 1.03; P = 0.80)

No increased aspiration with 
emergency surgeries

Klonoff et 
al.48

GLP-1 receptor 
agonist users 
(n = 2,256) vs. 
nonusers (n = 
11,405)

Retrospec-
tive data-
base, 1:1 
matching 
cohorts

Type 2 
diabetes

Surgeries with gen-
eral endotracheal 
anesthesia

Not reported GLP-1 receptor agonist users vs. 
nonusers had lower risk for 
postoperative decelerated gas-
tric emptying outcomes (odds 
ratio, 0.81) and aspiration/
pneumonitis (odds ratio, 0.78)

Barlowe et 
al.49

274,211 upper 
endoscopies, 
15,119 GLP-1 
receptor 
agonist users, 
14,407 DPP4 
inhibitor users

Retro-
spective 
database

Type 2 
diabetes

Upper endoscopy Not reported When comparing GLP-1 receptor 
agonist users to DPP4 inhibitor 
users, crude relative risks of 
aspiration (0.67), aspiration pneu-
monia (0.95), pneumonia (1.07), 
or respiratory failure (0.75) were 
not higher in patients prescribed 
GLP-1 receptor agonist

(Continued)
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Author

GLP-1 
Receptor 

Agonist (No. of 
Patients)

Study 
Type

Indication 
for GLP-1 
Receptor 
Agonist

Procedure/
Anesthetic

Length of 
Fasting Findings Comments

Residual gastric content by ultrasound or upper endoscopy
Fujino et al.8 Semaglutide Case report Obesity, 

type 2 
diabetes

Upper endoscopy 
with monitored 
anesthesia care

Second endoscopy

10 h
36 h (liquids 

only)

Residual gastric contents present 
after overnight fast

No residual gastric contents

Semaglutide 0.25 mg started 
1 mo before procedure

Semaglutide 0.25 mg started 
2 mo before procedure, 
last dose 7 days before 
procedure

Queiroz et 
al.50

Semaglutide Case report Obesity Computer tomog-
raphy

9 h (solids 
and 
liquids)

Solid gastric contents seen on 
computed tomography

Semaglutide 0.5 mg started 6 
days before procedure

Hodgson et 
al.51

Semaglutide Case report Type 2 
diabetes

Gastric ultrasound 10 h Residual gastric contents present 
after overnight fast

Semaglutide 2 mg 3 days 
before procedure

Kittner et 
al.10

Semaglutide  
(n = 3)

Case series Obesity, 
type 2 
diabetes

Gastric ultrasound 
preinduction of 
general anesthesia

10 h Residual gastric contents by gas-
tric ultrasound after 10 h fast

Semaglutide taken 1–6 days 
before procedure

Stark et al.11 GLP-1 receptor ago-
nist users (n = 
59) vs. nonusers 
(n = 118)

Retrospec-
tive,  
single- 
center

Type 2 
diabetes

Upper endoscopy Not reported Residual gastric contents in 4.6% 
of GLP-1 receptor agonist 
users and 1.7% in no GLP-1 
receptor agonist users; P = 0.08

Silveira et 
al.12

Semaglutide  
(n = 33) vs. no 
semaglutide  
(n = 371)

Retrospec-
tive,  
single- 
center

Obesity, 
type 2 
diabetes

Upper endoscopy 9 h for clear 
fluids and 
14 h for 
solids

Residual gastric contents in 
semaglutide (24.2%) vs. 
non-semaglutide (5.1%) users; 
P < 0.001

Colonoscopy found to protect 
against residual gastric 
contents

Sherwin et 
al.13

Semaglutide  
(n = 10) vs. no 
semaglutide  
(n = 10)

Prospective, 
single- 
center

Obesity Gastric ultrasound 8 h Residual gastric contents in 
semaglutide (70%) and no 
semaglutide (20%) users; P 
= 0.005

90% taking semaglutide < 
8 wk

Kobori et 
al.14

GLP-1 receptor 
agonist users 
(n = 205) vs. 
nonusers  
(n = 205)

Retrospec-
tive,  
single- 
center

Type 2 
diabetes

Upper endoscopy >12 h Residual gastric contents in 
GLP-1 receptor agonist (5.4%) 
vs. no GLP-1 receptor agonist 
(0.49%) users; P = 0.004

Residual gastric contents 
with liraglutide once daily 
1.8 mg (n = 2), dulaglutide 
0.75 mg (n = 5), semaglu-
tide 0.5 mg (n = 2), and 
semaglutide 1.0 mg (n = 2)

Nadeem et 
al.15

GLP-1 receptor 
agonist users 
(n = 933) vs. 
nonusers  
(n = 34,261)

Retrospec-
tive,  
single- 
center

Obesity, 
type 2 
diabetes

Upper endoscopy Not reported Residual gastric contents with 
GLP-1 receptor agonist 13.6% 
vs. no GLP-1 receptor agonist 
2.3%; P < 0.0001

Aborted endoscopic gastroduode-
noscopy 1.5% with GLP-1 recep-
tor agonist vs. 0.3% if no GLP-1 
receptor agonist; P < 0.0001

Firkins et 
al.16

GLP-1 receptor 
agonist users 
(n = 1,512)

Single- 
center, 
retrospec-
tive

Obesity, 
type 2 
diabetes

Upper endoscopy ± 
colonoscopy

Not reported Residual gastric contents in 
9.4% of patients, mostly solids 
(7.4%)

Colonoscopy associated with 
reduced residual gastric 
contents (adjusted odds 
ratio, 0.34; P < 0.001)

Garza et 
al.17

GLP-1 receptor 
agonist users 
(n = 306) vs. 
nonusers  
(n = 306)

Retrospec-
tive, 
case–
control

Obesity, 
type 2 
diabetes

Upper endoscopy ± 
colonoscopy

Not reported Residual gastric contents with 
GLP-1 receptor agonist 14% 
vs. 4% for nonusers, (P < 
0.01), especially in patients 
with type 2 diabetes (14% vs. 
4%; P < 0.01), taking insulin 
(17% vs. 5%; P < 0.01), and 
with type 2 diabetes complica-
tions (15% vs. 2%; P < 0.01)

Less residual gastric contents 
after prolonged fasting and 
clear liquids for concurrent 
colonoscopy (2% vs. 11%; 
P < 0.01) and in patients 
with afternoon procedures 
(4% vs. 11%; P < 0.01)

Wu et al.18 GLP-1 receptor 
agonist users 
(n = 90) vs. 
nonusers  
(n = 102)

Retrospec-
tive

Obesity, 
type 2 
diabetes

Upper endoscopy 16 h in both 
groups

Residual gastric contents 19% in 
GLP-1 receptor agonist users vs. 
5% in nonusers (adjusted odds 
ratio, 5.8; P = 0.004)

Table 3.  (Continued)

(Continued)
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a 48% decrease in minimum concentration expected 
before the next planned dose 7 days later. Delaying 
the dose 5 days causes minimum semaglutide con-
centrations to be 37% lower and the maximum 
concentration after the next dose to be 14% higher 
compared with the same subject at a normal weekly 
steady state. In both cases, the nadir of the semaglu-
tide concentrations is higher than the mean con-
centration at steady state of a similar patient taking 
0.5 mg weekly, and closer to regular steady state after 
3 weeks91 (fig. 2).

♦	 Similarly, if a dose of dulaglutide or tirzepatide is 
missed, there is residual circulating GLP-1 recep-
tor agonist. Moreover, if a dose of dulaglutide is not 
taken within 3 days or if tirzepatide is held for 4 days, 
there are transient 20% higher concentrations after 
the subsequent doses of the GLP-1 receptor ago-
nist25,92 (figs. 3 and 4).

♦	 Package inserts advise skipping the missed dose 
and administering the GLP-1 receptor agonist on 
the regularly scheduled day if fewer than 3 days 
remain until the next dose for exenatide, dula-
glutide, or tirzepatide, or fewer than 2 days for 
semaglutide.93

•	 More importantly, clinical data confirm that even 
when a GLP-1 receptor agonist dose is omitted, 
some patients have residual gastric contents on the 
day of procedure while following standard fasting 
guidelines.89

♦	 A prospective study of 124 patients presenting for 
surgeries found ultrasonographic confirmation of 
increased gastric contents defined by the presence 
of solids, thick liquids, or more than 1.5 ml/kg clear 
liquids in patients taking GLP-1 receptor agonists. 
Interestingly, there was no association between the 
duration of drug interruption and the prevalence of 
increased gastric contents, including in some patients 
who had stopped their drugs more than 7 days before 
surgery.21

♦	 Another study of 404 patients found no relationship 
between the interval interruption of semaglutide and 
the presence of residual gastric contents in patients 
having endoscopies. The interruption intervals of 
semaglutide in patients without retained gastric con-
tents were 10 days (6 to 15) compared to 11 days 
(7.75 to 12.5) in those with delayed emptying (P = 
0.67).12

Considerations of risks associated with stopping GLP-1 
receptor agonists are the following:

•	 In patients with diabetes mellitus prescribed GLP-1 
receptor agonists, no glycemic data are available on the 
effects of stopping GLP-1 receptor agonists. It is likely 
that glycemia control will deteriorate, especially in those 
with poor control, requiring multidrug regimens, taking 
insulin, or on high doses of antihyperglycemics. Moreover, 
acute hyperglycemia slows gastric emptying, so it is possi-
ble that this will negate the benefit of stopping the drugs.94

Author

GLP-1 
Receptor 

Agonist (No. of 
Patients)

Study 
Type

Indication 
for GLP-1 
Receptor 
Agonist

Procedure/
Anesthetic

Length of 
Fasting Findings Comments

Sen et al.21 GLP-1 receptor 
agonist users 
(n = 62) vs. 
nonusers  
(n = 62)

Prospective, 
single- 
center

Obesity, 
type 2 
diabetes

Ultrasound before 
induction of 
anesthesia

13–15 h for 
solids 
(both 
groups)

3–6 h for liq-
uids (both 
groups)

Residual gastric contents 56% in 
GLP-1 receptor agonist users 
vs. 19% in nonusers

No association between 
duration of discontinuation 
and increased residual 
gastric contents (adjusted 
odds ratio, 0.86), risk 
elevated even after 7-days 
discontinuation

No association between 
GLP-1 receptor agonist 
type and increased 
residual gastric 
contents

Chapman et 
al.52

GLP-1 receptor 
agonist users 
(n = 84) vs. 
nonusers  
(n = 84)

1:1 matched 
controlled

Obesity, 
type 2 
diabetes

Upper endoscopy > 10 h for 
solids

> 2 h for 
liquids

Residual gastric contents in the 
GLP-1 receptor agonist group 
(13.1%) vs. nonusers (4.8%); 
adjusted odds ratio, 4.62  
(P = 0.025)

Mostly monitored anesthesia 
care

No aspiration events

Maselli et 
al.53

GLP-1 receptor 
agonist users 
(n = 57)

Retrospec-
tive

Obesity, 
type 2 
diabetes

Upper endoscopy > 24 h for 
solids

> 12 h for 
liquids

No residual gastric contents, 
pulmonary aspiration, gastro-
esophageal regurgitation, or 
hypoxia

All patients continued GLP- 1 
receptor agonist

DPP4, dipeptidyl peptidase 4; GLP-1, glucagon like peptide-1.

Table 3.  (Continued)
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Table 4.  Studies Assessing Gastric Emptying in Patients on GLP-1 Receptor Agonists 

Reference Drug Indication Design
No. of 

Patients Protocol Used
Test 
Used Results

Gastric emptying for solids in patients taking short-acting GLP-1 receptor agonists
Acosta et al. 

201554

Exenatide Obesity Randomized 
controlled trial, 
double-blinded, 
single-center

20 Exenatide 5 µg subcutaneously 
twice daily vs. placebo for 30 d

Nuclear 
scintig-
raphy

(solid 
meal)

Delayed gastric emptying at 30 days 
in exenatide group compared to 
placebo.

T1/2 was 187 min with exenatide vs. 
86 min with placebo (P < 0.001).

Linnebjerg et 
al. 200855

Exenatide Type 2 
diabetes

Randomized 
controlled trial, 
single-blinded

17 Exenatide 5 µg, exenatide 10 µg, or 
placebo for 5 d

Nuclear 
scintig-
raphy

(solid 
meal)

After 5 d, T1/2 of solids was 60 min 
for placebo, 111 min for exenatide 
5 µg, and 169 min for exenatide 
10 µg (both vs. placebo; P < 0.01).

Delayed gastric emptying for both 
doses of exenatide.

Kuwata et al. 
202156

Dulaglutide
Liraglutide
Lixisenatide

Type 2 
diabetes

Single-arm, 
prospective, 
observational

 18 Lixisenatide 10 µg subcutaneously 
daily week 1, 15 µg daily week 2, 
and 20 µg on the day of the meal 
test at week 2 and thereafter up 
to 12 wk

Liraglutide 0.3 mg daily in week 1, 
0.6 mg in week 2, and 0.9 mg on 
the day of the meal test in week 
2 and thereafter up to 12 wk

Dulaglutide 0.75 mg weekly for 12 wk

13C-ace-
tate 
breath 
test

T1/2 extended by lixisenatide, at weeks 
2 and 12 (P < 0.05).

Quast et al. 
202057

Liraglutide
Lixisenatide

Type 2 
diabetes

Randomized, 
bicentric, 
investigator- 
blinded, 
parallel-group 
study

57 Lixisenatide 10 µg subcutaneously 
daily for 1 wk, followed by 20 µg 
subcutaneously for 9 wk

Liraglutide 0.6 mg once daily for 
week 1, 1.2 mg once daily for 
week 2, followed by 1.8 mg once 
daily for 8 wk

13C- 
sodium 
octa-
noate 
breath 
test

At 10 wk, T1/2 was delayed by 52 min 
with lixisenatide (P = 0.0065) 
compared to baseline.

Lorenz et al. 
201358

Lixisenatide Type 2 
diabetes

Randomized 
controlled trial, 
double-blinded, 
parallel-group 
study

43 Lixisenatide 5 µg subcutaneously 
and increased by 2.5 µg every 5 
days to maximum of 20 µg daily 
vs. placebo for 8 wk

13C- 
octanoic 
acid 
breath 
test

T1/2 from baseline to day 28 was 
211.5 min (delayed) for lixisenatide 
vs. - 24.1 min for placebo (P = 
0.0031).

Meier et al. 
202059

Lixisenatide Type 2 
diabetes

Randomized 
controlled trial, 
open-label with 
two treatment 
regimens (4 wk 
of monotherapy 
with either 
lixisenatide or 
glargine insulin 
and another 
4 wk of combi-
nation therapy 
with both 
medications)

20 Lixisenatide 10 µg (30 min before 
breakfast) initially, and after 2 wk 
increased to 20 µg if tolerated

Glargine insulin at bedtime titrated 
to achieve glucose concentra-
tions 4.4–5.6 mM

13C- 
octa-
noic 
acid 
breath 
test

T1/2 of test prolonged to 187 min for 
lixisenatide + glargine insulin (P < 
0.001) and 168 min for lixisenatide 
alone (P = 0.002) vs. 87 min at 
baseline.

Meier et al. 
201560

Liraglutide
Lixisenatide

Type 2 
diabetes

Randomized 
controlled trial, 
open-label, 
multicenter

94 Lixisenatide 20 µg subcutane-
ously daily, liraglutide 1.2 mg 
subcutaneously or 1.8 mg daily 
combined with glargine insulin 
for 8 wk

13C- 
sodium 
octa-
noate 
breath 
test

Gastric emptying delayed at 8 wk.
T1/2 was 537 min for lixisenatide vs. 

169 min at baseline (P < 0.001).

Gastric emptying for solids in patients taking long-acting GLP-1 receptor agonists
Jones et al. 
202061

Exenatide 
weekly

Obesity Randomized 
controlled trial

32 Exenatide 2 mg weekly or placebo 
for 8 wk

Nuclear 
scintig-
raphy

(solid 
meal)

After 8 wk, there was increased reten-
tion at 100 min with exenatide vs. 
placebo (52% vs. 36%; P < 0.02).

(Continued)
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Reference Drug Indication Design
No. of 

Patients Protocol Used
Test 
Used Results

Maselli et al. 
202262

Liraglutide Obesity Randomized 
controlled trial

130 Liraglutide 0.6 mg daily, escalated 
by 0.6 daily every week to 3 mg 
subcutaneously daily for a total 
of 16 wk

Nuclear 
scintig-
raphy

(solid 
meal)

T1/2 increased with liraglutide at 5 and 
16 wk (both P < 0.001) vs. placebo 
and increased fasting gastric 
volume (P = 0.01) at 16 wk.

Quast et al. 
202057

Liraglutide
Lixisenatide

Type 2 
diabetes

Randomized, 
bicentric, 
investigator- 
blinded, 
parallel-group 
study

57 Lixisenatide 10 µg subcutaneously 
daily for 1 wk, followed by 20 µg 
subcutaneously for 9 wk

Liraglutide 0.6 mg once daily for 
week 1, 1.2 mg once daily for 
week 2, followed by 1.8 mg once 
daily for 8 wk

13C- 
sodium 
octa-
noate 
breath 
test

At 10 wk, T1/2 was increased by 
25 min with liraglutide (P = 0.025) 
compared to baseline.

Kuwata et al. 
202156

Dulaglutide
Liraglutide
Lixisenatide

Type 2 
diabetes

Single-arm, 
prospective, 
observational

 18 Lixisenatide 10 µg subcutaneously 
daily week 1, 15 µg daily week 2, 
and 20 µg on the day of the meal 
test at week 2 and thereafter up 
to 12 wk

Liraglutide 0.3 mg daily in week 1, 
0.6 mg week 2, and 0.9 mg on 
the day of the meal test week 2 
and thereafter up to 12 wk

Dulaglutide 0.75 mg weekly for 
12 wk

13C- 
acetate 
breath 
test

T1/2 nonsignificantly increased by 
liraglutide at 2 wk and largely 
unaffected by liraglutide and 
dulaglutide at 2 and 12 wk.

Meier et al. 
201560

Liraglutide
Lixisenatide

Type 2 
diabetes

Randomized 
controlled trial, 
open-label, 
multicenter

94 Lixisenatide 20 µg subcutaneously 
daily, liraglutide 1.2 mg or 1.8 mg 
subcutaneously daily combined 
with glargine insulin for 8 wk

13C- 
sodium 
octa-
noate 
breath 
test

Gastric emptying delayed at 8 wk 
with liraglutide.

T1/2 was 259 min for 1.2 mg liraglutide 
and 209 min for 1.8 mg liraglutide 
vs. 164 min at baseline (P < 0.001).

Nagai et al. 
201463

Liraglutide Type 2 
diabetes

Prospective 16 Liraglutide initiated at 0.3 mg daily, 
and increased by 0.3 mg every 3 
days to maximum 0.9 mg for 7 d

13C- 
acetate 
breath 
test

T1/2 after liraglutide increased by 
31 ± 4 min vs. baseline (P < 
0.01) in some patients (delayers) 
compared to 2 ± 3 min vs. 
baseline (P = 0.60) in others 
(nondelayers).

Halawi et al. 
201764

Liraglutide Obesity Randomized 
controlled trial, 
double-blinded, 
single-center

21 Liraglutide titrated by 0.6 mg/wk for 
5 wk to 3.0 mg subcutaneously 
daily, continued until week 16 or 
placebo

Nuclear 
scintig-
raphy

(solid 
meal)

Gastric emptying of solids from 
baseline to 5 wk more delayed 
with liraglutide (median 70 min) 
vs. placebo (median 4 min; P < 
0.0001).

Gastric emptying of solids T1/2 change 
from baseline to 16 wk delayed 
with liraglutide (median 30.5 min) 
vs. placebo (median -1 min; P= 
0.025).

Nakatani  
et al. 
201765

Liraglutide Type 2 
diabetes

Single-center, 
observational

14 Liraglutide 0.3 mg subcutaneously 
daily for a week, 0.6 mg daily 
for a week, and 0.9 mg daily 
for 2 wk

Transit 
time of 
capsule 
endos-
copy

Gastric transit time (n = 14) 
1:11:53 ± 1:03:17 h at baseline 
and 1:45:46 ± 1:40:46 h after 
liraglutide 1 wk after final dose of 
0.9 mg (P = 0.16).

Patients without diabetic neuropa-
thy (n = 7) had gastric transit of 
1:01:30 ± 0:52:59 h at baseline 
and 2:33:29 ± 1:37:24 h after 
liraglutide (P = 0.03).

Patients with diabetic neuropathy 
y (n = 7) had gastric transit of 
1:12:36 ± 1:04:30 h at baseline 
and 0:48:40 ± 0:32) 52 h after 
liraglutide (P = 0.19).

Table 4.  (Continued)
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Reference Drug Indication Design
No. of 

Patients Protocol Used
Test 
Used Results

Jensterle et 
al. 202366

Semaglu-
tide

Obesity Single-blinded, 
placebo- 
controlled

20 Semaglutide 1.0 mg subcutaneously 
weekly or placebo for 12 wk

Nuclear 
scintig-
raphy

(solid 
food)

Gastric contents increased 3.5% at 
1 h, 25.5% at 2 h, 38.0% at 3 h, 
and 30.0% at 4 h with semaglutide. 
Four hours after ingestion, 37% of 
solids retained with semaglutide 
vs. placebo (P = 0.002).

T1/2 significantly increased with 
semaglutide vs. placebo (171 vs. 
118 min; P < 0.001).

Gastric emptying for liquids in patients taking short-acting GLP-1 receptor agonists

Cervera et al. 
200867

Exenatide Type 2 
diabetes, 
obesity

Single-center, 
placebo- 
controlled

12 Exenatide IV (0.05 µg/min 15 min 
before meals, decreased to 
0.025 µg/min 45 min after meals) 
vs. placebo, treatment repeated 
three times, 2–4 wk apart

Acetamin-
ophen

(with solid 
meal)

Delay in gastric emptying after 6 h 
with exenatide reflected by a 
58% decrease in mean plasma 
acetaminophen concentration (P < 
0.001) vs. placebo.

DeFronzo et 
al. 200868

Exenatide Type 2 
diabetes

Randomized 
controlled trial, 
double-blinded, 
crossover, 
multicenter

95 Exenatide 5 µg twice daily for 1 wk, 
then 10 µg twice daily for 1 wk or 
sitagliptin daily for 2 wk

Acetamin-
ophen

(with solid 
meal)

After 2 wk, delayed gastric emptying 
with exenatide vs. sitagliptin (P < 
0.0001), measured up to 4 h.

Drucker et al. 
200869

Exenatide Type 2 
diabetes, 
obesity

Randomized, 
open-label

50 Exenatide 2.0 mg subcutaneously 
weekly in 26 patients or subcuta-
neously twice daily or exenatide 
5 µg subcutaneously twice daily, 
titrated to 10 µg twice daily after 
28 d in 24 patients for 14 wk

Acetamin-
ophen

(with solid 
meal)

Gastric emptying at week 14 delayed 
compared to baseline with 
exenatide twice daily measured 
up to 5 h.

Kolterman et 
al. 200570

Exenatide Type 2 
diabetes

Randomized 
controlled trial, 
single-blinded, 
placebo- 
controlled

8 Exenatide daily: 0.02 µg/kg, 0.05 
µg/kg, and 0.10 µg/kg or placebo 
on 4 consecutive days

Acetamin-
ophen

(liquid 
meal)

Dose-dependent slowing of gastric 
emptying compared to placebo (P 
= 0.0011), measured up to 2 h.

Juel et al. 
202071

Lixisenatide Status post 
pancre-
atectomy

Randomized 
controlled trial, 
double-blinded, 
crossover study

24 Lixisenatide 20 µg subcutaneously 
or placebo, one single dose

Acetamin-
ophen

(liquid 
meal)

Lixisenatide reduced gastric emptying 
vs. placebo in both the totally 
pancreatectomized (P < 0.001) and 
the controls (P < 0.001).

Becker et al. 
201572

Lixisenatide Healthy Randomized 
controlled trial, 
open-label, 
crossover, 
single-center

20 Lixisenatide 2.5, 5, 10, or 20 µg 
subcutaneously for one dose with 
2–7-d washout period

Acetamin-
ophen

(liquid 
meal)

Gastric emptying at 1 h delayed at 
doses >5 µg (P < 0.05).

Jones et al. 
201973

Lixisenatide Healthy, 
type 2 
diabetes

Randomized 
controlled trial, 
double-blinded, 
crossover study

30 Lixisenatide 10 µg subcutaneously 
or placebo on 2 separate days

Nuclear 
scintig-
raphy 
(25% 
glucose 
drink)

Delayed gastric emptying at 3 h 
in both healthy subjects and 
subjects with type 2 diabetes with 
lixisenatide compared to placebo.

Jalleh et al. 
202074

Lixisenatide Healthy, 
type 2 
diabetes

Randomized 
controlled trial, 
double-blind, 
placebo- 
controlled, 
crossover 
design

30 Lixisenatide 10 µg subcutaneously 
or placebo on 2 separate days

Nuclear 
scintig-
raphy 
(25% 
glucose 
drink)

Proximal stomach retention in healthy 
group at 3 h was 6.6% with 
placebo vs. 40.9% with lixisenatide 
(P < 0.001) and in the type 2 
diabetes group was 6.3% with 
placebo vs. 34.8% with lixisenatide 
(P < 0.001).

Distal stomach retention at 3 h in 
healthy group was 9.4% with pla-
cebo vs. 18.6% with lixisenatide 
(P < 0.001) and in type 2 diabe-
tes was 8.2% with placebo vs. 
19.6% with lixisenatide  
(P < 0.001).

Table 4.  (Continued)

(Continued)
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Reference Drug Indication Design
No. of 

Patients Protocol Used
Test 
Used Results

Rayner et al. 
202075

Lixisenatide Type 2 
diabetes

Randomized 
controlled trial

30 Lixisenatide 20 µg subcutaneously 
daily or placebo for 8 wk

Nuclear 
scintig-
raphy 
(25% 
glucose 
drink)

Delayed gastric emptying at 2 h and 
4 h with lixisenatide at 8 wk vs. 
placebo (P < 0.001).

Kovoor et al. 
202476

Lixisenatide Type 2 
diabetes

Randomized 
controlled trial

30 Lixisenatide 20 µg subcutaneously 
daily or placebo for 8 wk

Nuclear 
scintig-
raphy 
(25% 
glucose 
drink)

Delayed gastric emptying at 4 h with 
lixisenatide at 8 wk vs. placebo (P 
< 0.0001).

Gastric emptying for liquids in patients taking long-acting GLP-1 receptor agonists

Jones et al. 
202061

Exenatide 
weekly

Obesity Randomized 
controlled trial

32 Exenatide 2 mg weekly or placebo 
for 8 wk

Nuclear 
scintig-
raphy

(radiola-
beled 
glucose 
with 
solid 
meal)

After 8 wk, exenatide slowed gastric 
emptying of liquids (P = 0.01) 
measured up to 2 h.

Drucker et al. 
200869

Exenatide
weekly

DM, obesity Randomized, 
open-label

50 Exenatide 2.0 mg subcutaneously 
weekly in 26 patients or subcuta-
neously twice daily or exenatide 
5 µg subcutaneously twice daily, 
titrated to 10 µg twice daily after 
28 d in 24 patients for 14 wk

Acetamin-
ophen

(with solid 
meal)

Gastric emptying at week 14 not 
delayed with weekly dosing when 
compared to baseline, suggesting 
tachyphylaxis, measured up to 5 h.

Barrington et 
al. 201177

Dulaglutide Type 2 
diabetes

Randomized 
controlled trial, 
double-blinded, 
multicenter

43 Weekly placebo vs. dulaglutide subcu-
taneously 0.05 mg (n = 3), 0.3 mg 
(n = 6), 1 mg (n = 5), 3 mg (n = 3), 
5 mg (n = 9), or 8 mg for 5 wk

Acetamin-
ophen

(with solid 
meal)

Significant delay in gastric emptying 
with 5 mg dose after recent start of 
dulaglutide.

Degn et al. 
200478

Liraglutide Type 2 
diabetes, 
obesity

Randomized 
controlled trial, 
double-blinded, 
crossover

13 Liraglutide 6 µg/kg subcutaneously 
or placebo for 9 days

Acetamin-
ophen

(with solid 
meal)

After 8 days, no change in gastric 
emptying with liraglutide vs. 
placebo measured up to 2 h.

Dejgaard et 
al. 201679

Liraglutide Obesity, 
type 1 
diabetes

Randomized 
controlled trial

10 Liraglutide 0.6 mg subcutaneously daily, 
increased to 1.2 mg subcutaneously 
daily after 1 wk, then to 1.8 mg daily 
after 1 wk or placebo for 3 wk

Acetamino-
phen

(with liquid 
meal)

Gastric emptying delayed after 3 wk of 
liraglutide (19.9 min; P = 0.0412), 
but no difference after 24 wk of 
treatment (−1.5 min; P = 0.8793).

Flint et al. 
201180

Liraglutide Type 2 
diabetes

Randomized 
controlled trial, 
double-blinded, 
single-center

18 Liraglutide 0.6 mg subcutaneously 
daily, increased to 1.2 mg 
subcutaneously daily after 1 wk, 
then to 1.8 mg daily after 1 wk or 
placebo for 3 wk

Acetamin-
ophen

(with solid 
meal)

Gastric emptying delayed with 1.2 mg 
dose (P < 0.001) but not significant 
for 0.6 mg or 1.8 mg, measured 
greater than 5 h vs. placebo at end 
of each dosing change.

Gastric emptying delayed in the first 
hour, with 1.2 mg (P < 0.001) and 
1.8 mg (P = 0.028).

Horowitz et 
al. 201281

Liraglutide Type 2 
diabetes

Randomized 
controlled trial, 
double-blinded, 
incomplete 
crossover, two 
centers

46 Participants randomized to two of 
three arms for 4 wk, with a 3-wk 
washout; liraglutide followed by 
placebo, placebo followed by 
glimepiride, glimepiride followed 
by liraglutide

Liraglutide started at 0.6 mg subcuta-
neously daily, escalated by 0.6 mg 
increments weekly to a maximum 
dose of 1.8 mg daily, maintained 
for 2 wk; glimepiride started at 
1 mg daily for 1 wk, then titrated to 
2–4 mg daily per renal function

Acetamin-
ophen

(with 
liquid 
meal)

At end of 4 wk gastric emptying 
delayed in liraglutide compared to 
control groups.

(P < 0.001), measured at 1 h and 5 h.
Acetaminophen maximum serum 

concentrations 20% lower with 
liraglutide vs. placebo and 15% 
lower with liraglutide than glime-
piride (P ≤ 0.006 for both).

Table 4.  (Continued)

(Continued)
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•	 Patients taking high doses of GLP-1 receptor agonists 
(more common in obese patients, but also in patients 
with diabetes) and those experiencing severe symptoms 
at initiation or during escalation of treatment are at high 
risk of adverse gastrointestinal effects when doses are 
missed and then restarted.93 These patients often need 
to be started on a lower dose of drug to mitigate side 
effects. However, this is logistically difficult since some 

of these medications (e.g., tirzepatide, dulaglutide) are 
packaged in prefilled syringes, and patients are provided 
with precise doses monthly. In contrast, semaglutide pens 
allow adjustment of doses.93

Both pharmacokinetic and clinical data indicate that 
short interruptions of long-acting GLP-1 receptor agonist 
(i.e., one half-life) are not sufficient to ensure complete 

Reference Drug Indication Design
No. of 

Patients Protocol Used
Test 
Used Results

van Can et al. 
201482

Liraglutide Obesity Randomized 
controlled trial, 
single-center

49 Two randomly chosen treatment 
periods of 5 wk each, with 6–8 
wk washouts

Liraglutide 1.8 mg subcutaneously 
daily, liraglutide 3.0 mg subcuta-
neously daily, or placebo

Acetamin-
ophen

(with solid 
meal)

No difference in gastric emptying 
between either liraglutide doses 
and placebo, measured at 5 h at 
the end of each 5-wk period.

Delayed gastric emptying from both 
liraglutide doses over the first 
hour: 23% less with liraglutide 
3.0 mg vs. placebo (P = 0.007), 
13% less with liraglutide 1.8 mg 
vs. placebo (P = 0.14).

Saxena et al. 
202183

Liraglutide Obesity Randomized 
controlled trial

61 Liraglutide initiated at 0.6 mg sub-
cutaneously daily and escalated 
by 0.6 mg/wk to a maximum of 
3.0 mg/d or placebo for a total 
of 6 wk

Acetamin-
ophen

(with solid 
meal)

Delayed gastric emptying at 3 and 
6 wk with liraglutide at 1 h (P = 
0.0348) and 5 h (P = 0.0152).

Hjerpsted et 
al. 201884

Semaglu-
tide

Obesity Randomized 
controlled trial, 
double-blinded, 
two-period, 
crossover

30 Semaglutide 0.25 mg subcutane-
ously weekly for 4 wk, 0.5 mg 
weekly for 4 wk, then 1.0 mg 
weekly for 4 wk or placebo

Acetamin-
ophen

(solid 
meal)

Gastric emptying delayed in first hour 
with semaglutide at 12 wk.

No differences in gastric emptying at 
5 h for semaglutide vs. placebo.

Dahl et al. 
202185

Semaglu-
tide oral

Type 2 
diabetes

Randomized, 
double-blinded, 
single-center

15 Semaglutide daily orally, at 3 mg daily 
for 4 wk, then 7 mg daily for 4 wk, 
and then 14 mg daily for 4 wk fol-
lowed by placebo after 4–9 wash-
out weeks, or vice versa, during two 
consecutive 12-wk periods

Acetamin-
ophen

(solid 
meal)

Gastric emptying delayed by 31% 
with semaglutide vs. placebo 
during first postprandial hour, but 
not significantly different at 5 h.

Friedrichsen 
et al. 
202186

Semaglu-
tide

Obesity Randomized 
controlled trial

72 Semaglutide subcutaneously 
0.25 mg weekly for 4 wk, esca-
lated to 0.5 weekly for 4 wk, 1 mg 
weekly for 4 wk, 1.7 mg weekly 
for 4 wk, and 2.4 mg weekly for 
5 wk or placebo for 20 wk

Acetamin-
ophen

(solid 
meal)

Gastric emptying not delayed with 
semaglutide 2.4 mg vs. placebo at 
week 20 (P = 0.12).

Urva et al. 
2020 87

Tirzepatide Healthy, 
type 2 
diabetes

Investigator- 
blinded, three 
parts: single- 
ascending 
dose and 4-wk 
multiple- 
ascending 
doses in 
healthy partici-
pants, followed 
by a 4-wk 
multiple-doses 
phase 1b proof 
of concept in 
participants 
with type 2 
diabetes

86 (n = 33 
healthy, n 
= 53 with 

type 2 
diabetes)

Tirzepatide 0.5 mg, 1.5 mg, 4.5 mg, 
5 mg, 10 mg, or 15 mg subcuta-
neously weekly (4 wk per dose)

Acetamin-
ophen

(solid 
meal)

Gastric emptying delayed with 
tirzepatide ≥ 4.5 and ≥ 5 mg after 
a single dose. Effect diminished 
after multiple doses of tirzepatide 
in healthy group.

Gastric emptying delayed after multi-
ple doses with escalation of tirze-
patide 5/5/10/10 or 5/5/10/15 mg 
in type 2 diabetes group.

Adapted with permission from Maselli and Camilleri, Adv Exp Med Biol 2021; 1307:171–92).88

GLP-1, glucagon-like peptide-1; IV, intravenous; T1/2, time to half gastric emptying.

Table 4.  (Continued)
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clearance of the drug. While no data are available on gastric 
emptying from residual GLP-1 receptor agonist concentra-
tions, it is likely that there is no complete dissipation of the 
effect. The longer duration of interruption needed (i.e., 4 
or 5 half-lives) is impractical, potentially harmful, and not 
patient-centric.

Moreover, there are data suggesting safety of con-
tinuation of GLP-1 receptor agonists periprocedurally. 
A study in patients having endoscopy while continuing 
their medications and following a modified fasting regi-
men reported no increased gastric volumes and no aspi-
ration events.53

Symptomatic patients describing severe gastrointes-
tinal symptoms may represent a special category where 
the medication regimen can be interrupted or dose 
de-escalated. However, even in these patients, current 
guidelines recommend dietary interventions such as 
small frequent meals and consumption of bland foods 
as a first-line intervention.95,96 Medication adjust-
ments are recommended only when symptoms do not 
resolve.95,96

Role of Fasting
Current guidance suggests that the standard fasting time 
is sufficient to mitigate aspiration risk in patients taking 
GLP-1 receptor agonists.22 However, this approach is ques-
tionable based on clinical data (table 3).

Considerations for solid fasting times are the following:

•	 Many patients found to have residual gastric contents 
on the day of their procedures have observed the stan-
dard ASA fasting times.12,21 In these studies, despite 

interrupting GLP-1 receptor agonist for more than 7 
days, patients had retained gastric contents.12,21

•	 Data from a case control study showed lower rates of 
persistent stomach contents in patients having afternoon 
procedures with prolonged fasting compared to those 
having procedures in the morning (4% vs. 11%; P < 
0.01).17

•	 Several studies reveal that patients having colonoscopies 
(with or without upper endoscopies) have a lower inci-
dence of retained gastric contents.12,16,17,47 This is most 
likely due to the fact that patients having colonoscopies 
typically follow a clear liquid diet the day before the 
procedure, and less likely due to the concurrent bowel 
preparation.97

The evidence suggests that an extended fasting time 
for solids should be recommended for patients taking 
GLP-1 receptor agonists. Perhaps the best data in support 
of this approach come from a study of 57 patients having 
endoscopies where GLP-1 receptor agonists were not 
stopped. All of the patients followed a liquid diet for 24 h 
or more and were nil per os (nothing by mouth; NPO) 
for more than 12 h before their endoscopies. No patients 
had detectable residual gastric contents determined by 
endoscopy, and no aspiration events occurred.53 Overall, 
there is clear evidence of delayed gastric emptying for 
solids irrespective of the type of GLP 1 receptor agonist 
preparation or duration of treatment, suggesting that a 
clear liquid diet for 24 h or more may be necessary for 
these patients.

At this time, the best duration of fasting from liquids is 
unclear because data are scarce and heterogeneous.

Fig. 1.  Steady-state concentration-time curve of liraglutide after last dose (day 21). From Jacobsen et al. Clin Pharmacokinet 2016; 
55:657–72.24
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•	 Various liquids empty from the stomach at different rates. 
High-caloric liquids (those containing fat or greater 
than 10% glucose) empty more slowly than water or low 
caloric clear liquids (10% glucose or less) in patients with 
normal gastric emptying.98

•	 Patients on short-acting preparations have delayed gastric 
emptying for liquids after weeks of treatments. Significant 
liquid intragastric content has been described at 4 h after 
8 weeks of treatment with lixisenatide with consumption 
of high-caloric glucose–containing liquids.73–76

•	 In individual studies, patients on long-acting prepara-
tions in a maintenance phase at least 4 weeks from ini-
tiation seem to have slightly prolonged delays in gastric 
emptying for liquids in the first 1 to 2 h that normalize 
by 5 h.84–86 However, in the majority of these studies, 
acetaminophen elixir was given after a solid meal, which 
likely confounds the data and may overestimate the delay 
(table 4).

•	 Patients who recently started or dose-escalated long- 
acting GLP-1 receptor agonist within the previous 4 
weeks do not exhibit tachyphylaxis and may need more 
prolonged NPO fasting times. A study of 20 patients 
detected that 30% of the semaglutide group (most of 
whom had been on therapy for less than 4 weeks) com-
pared to 90% of the controls were considered to have 
empty stomachs 2 h after drinking 12 oz of clear liquids 
in a supine position.13 These findings corroborate other 
data on gastric emptying assessed by acetaminophen 
absorption.87

•	 A recently published meta-analysis did not show any sig-
nificant delay in gastric emptying for liquids regardless of 
the GLP-1 receptor agonist. However, it did not include 
all of the studies, and there was heterogenicity in the 
reported measurements and in the nature of the meals 
coadministered with the acetaminophen.90

There are concerns that prolonged fasting for liquids 
is not patient friendly and counters the principles of 
enhanced recovery. High-caloric carbohydrate drinks have 
been shown to empty slower than water even in patients 
not taking GLP-1 receptor agonists. They are generally not 
recommended in patients with diabetes where the risks of 
hyperglycemia may outweigh their benefits.99 They may be 
restricted for longer than 4 h in patients on GLP-1 recep-
tor agonists for obesity, because their emptying is partic-
ularly delayed, especially by short-acting GLP-1 receptor 
agonist.73–76

Extended restriction periods for other non- or low- 
caloric clear liquids may not be advantageous or neces-
sary for the majority of patients on maintenance doses of 
long-acting GLP-1 receptor agonists for more than 4 weeks. 

Fig. 2.  Simulated semaglutide concentration profiles after 
missed or delayed doses. Data are simulated concentrations 
during once-weekly dosing at steady state concentrations with 
one missed dose at week 11 (A) and for a dose with a delay of 
5 days at week 11 (B) compared with a steady state profile for 
semaglutide dosed at weekly intervals. Simulations are for a ref-
erence subject profile (non-Hispanic or Latino, white female, 65 
yr, with a body weight of 85 kg, with normal renal function, and 
dosed in the abdomen with semaglutide 1.0 mg). From Carlsson 
Petri et al. Diabetes Ther 2018; 9:1533–47.91

Fig. 3.  Effects of missed doses on concentration–time profiles 
of dulaglutide. The pharmacokinetic model simulated dulaglutide 
concentration–time profiles after a once-weekly dose of 1.5 mg 
taken as prescribed (solid black line), with a dose being missed 
at midweek (blue dashed line) or with a dose being skipped 
(red dotted–dashed line). From Geiser et al. Clin Pharmacokinet 
2016;55:625–34.25 Used with permission.
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However, not all patients exhibit tachyphylaxis.61 The evi-
dence suggests fasting for non- or low-caloric clear liquids 
for longer than current recommendations is necessary for 
patients taking long-acting preparations during initiation 
and dose escalation periods, and those on short-acting 
GLP-1 receptor agonists.

Role of Gastric Ultrasonography
Point-of-care gastric ultrasonography has been used to 
identify patients taking GLP-1 receptor agonists who 
have residual gastric content preprocedurally.10,13,21,51,99,100101 
Training and achieving proficiency in gastric ultrasonog-
raphy followed by wide adoption among anesthesiology 
clinicians will take some time. Most importantly, gastric 
ultrasonography only identifies those with retained gastric 
contents after they arrive for their procedures. It does not 
allow for timely interventions to avoid the risk of periop-
erative aspiration other than a change in the planned anes-
thetic or postponement of the procedure. A better approach 
is needed to ensure a majority of patients taking GLP-1 
receptor agonists present without retained gastric con-
tents preprocedurally and can avoid unnecessary anesthesia 
procedures such as rapid sequence induction and intuba-
tion, or aspiration on emergence from anesthesia. Gastric 
ultrasonography may be best suited for patients who are 
symptomatic or are asymptomatic without having observed 
prolonged fasting times.

Summary
Emerging data point to the limitations of the current 
ASA consensus-based guidance for patients taking GLP-1 
receptor agonists. It is becoming more obvious that inter-
rupting GLP-1 receptor agonists as currently suggested 

may not offer much benefit, since a longer washout 
time is needed to resolve the effects on gastric empty-
ing. Moreover, the current approach gives clinicians a 
false sense of security when proceeding with anesthesia, 
especially when a monitored anesthesia care or a stan-
dard general anesthesia induction technique is planned, 
as residual gastric contents may be present. Furthermore, 
the glycemia benefit and the perioperative effects of mit-
igating major adverse cardiovascular events may be lost 
with drug interruptions in patients with diabetes mellitus. 
Additionally, there is the possibility of renewed side effects 
when reinstating a high-dose GLP-1 receptor agonist, and 
de-escalating may not be feasible due to fixed-dose pre-
filled pen preparations.

GLP-1 receptor agonists may need to be interrupted in 
patients who have recently started these medications or are 
in dose escalation phases, and have significant symptoms of 
fullness, nausea, and vomiting. Stopping the drugs or de- 
escalating doses, when possible, may be beneficial to decrease 
risks of aspiration in these patients who have not reached a 
steady state or developed tachyphylaxis to the gastrointestinal 
side effects. These patients may be referred to their prescrib-
ing physician for diet and medication modification before 
proceeding with elective procedures requiring anesthesia.

However, the first and most important intervention 
appears to be changing the duration of fasting for solids 
and possibly for liquids. Prolonged fasting time for solid 
foods beyond current recommendations is likely more 
effective than drug interruption to prevent patients from 
presenting on the day of procedures with residual gastric 
contents.53 Data from the “real world” and gastric empty-
ing studies support recommending a clear liquid diet for 
24 h before anesthesia.53 The fasting duration for liquids is 
unclear at this time, but it appears that patients who have 
recently started a long-acting GLP-1 receptor agonist 
or are in the dose escalation period and those on short- 
acting preparations may need a more prolonged NPO time 
than currently recommended. The caloric content of the 
liquids is important, with high-caloric clear liquids likely 
needing a longer fasting time than the low- or noncaloric 
clear liquids (8 h vs. 4 h). While these timeframes for liquids 
may appear arbitrary, data suggest that complete NPO times 
ranging between 4 and 12 h are more likely to result in 
lower gastric volumes, thus balancing the risks of aspiration 
with enhanced recovery principles.

Patients not tolerating the GLP-1 receptor agonist 
should be advised to follow a bland, low-fat, and low- 
fiber diet and to eat small meals. Medication changes (i.e., 
dose de-escalation) are secondarily considered. Elective 
surgeries should be postponed in patients with signifi-
cant symptoms refractory to these interventions. Patients 
who are planning dose escalation should be advised not 
to do so in the weeks leading up to elective procedures. 
Collaboration with the prescribing clinicians is important 
when making decisions.

Fig. 4.  Effects of delayed or missed dose on the steady-state 
concentration–time profile of tirzepatide. The pharmacokinetic 
model simulated tirzepatide concentration–time profiles after 
a once-weekly dose taken as prescribed (solid black line), with a 
dose being delayed until midweek (blue dashed line) or with a 
dose being skipped (red dotted line). From Schneck et al. CPT 
Pharmacometrics Syst Pharmacol 2024;13:494–503.92 Used 
with permission.
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Proceeding with the planned anesthetic appears safe for 
asymptomatic patients presenting for elective procedures 
who are in maintenance phases, and have followed clear 
liquid diets for 24 h. For symptomatic patients orthose who 
have not been on clear liquids for 24 h, a gastric ultrasound 
may help guide decisions.

Since the publication of the ASA consensus-based guidance, 
a number of studies have been published on the gastric empty-
ing effects of GLP-1 receptor agonists. Therefore, we propose 
updated recommendations for decision-making during the 
preoperative period and on the day of surgery (figs. 5 and 6).

Conclusions

Data on the perioperative management of patients taking 
GLP-1 receptor agonists are sparse, but emerging. There is 
heterogenicity as to the subjects studied (healthy controls, 
patients with obesity or diabetes) and the tests and mea-
surements used, which may limit the ability to extrapolate 
findings across populations. Perioperative clinicians need to 
consider indications for medication, dosing schedule, con-
current symptoms, and the logistics of access to the medica-
tions in specific doses. Dietary recommendations, anesthetic 

Fig. 5.  Proposed recommendations for preoperative visit management of patients on glucagon-like peptide-1 (GLP-1) receptor agonists (RA; 
summary from current literature).

Fig. 6.  Proposed recommendations for day of surgery management of patients on glucagon-like peptide-1 (GLP-1) receptor agonists 
(RA;summary from current literature). US, ultrasound.
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options, and the relative urgency of the proposed procedure 
are also important factors to review. Indeed, a multidisci-
plinary, patient-centric approach is needed when caring for 
these patients.
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