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H I G H L I G H T S  

• Semaglutide, a GLP-1 agonist, has been associated with delayed gastric emptying. 
• 5.1% of patients not using semaglutide had increased residual gastric content (RGC). 
• 24.2% of patients taking semaglutide perioperatively had increased RGC (p < 0.001). 
• Presence of pre-endoscopy digestive symptoms was also associated with increased RGC. 
• Interval of preoperative semaglutide cessation was not predictive of increased RGC.  
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A B S T R A C T   

Study objective: Semaglutide is a long-acting glucagon-like peptide-1 receptor agonist used for management of 
type 2 diabetes and/or obesity. To test the hypothesis that perioperative semaglutide use is associated with 
delayed gastric emptying and increased residual gastric content (RGC) despite adequate preoperative fasting, we 
compared the RGC of patients who had and had not taken semaglutide prior to elective esophagogas-
troduodenoscopy. The primary outcome was the presence of increased RGC. 
Design: Single-center retrospective electronic chart review. 
Setting: Tertiary hospital. 
Patients: Patients undergoing esophagogastroduodenoscopy under deep sedation/general anesthesia between 
July/2021–March/2022. 
Interventions: Patients were divided into two (SG = semaglutide, NSG = non-semaglutide) groups, according to 
whether they had received semaglutide within 30 days prior to the esophagogastroduodenoscopy. 
Measurements: Increased RGC was defined as any amount of solid content, or > 0.8 mL/Kg (measured from the 
aspiration/suction canister) of fluid content. 
Main results: Of the 886 esophagogastroduodenoscopies performed, 404 (33 in the SG and 371 in the NSG) were 
included in the final analysis. Increased RGC was observed in 27 (6.7%) patients, being 8 (24.2%) in the SG and 
19 (5.1%) in the NSG (p < 0.001). Semaglutide use [5.15 (95%CI 1.92–12.92)] and the presence of preoperative 
digestive symptoms (nausea/vomiting, dyspepsia, abdominal distension) [3.56 (95%CI 2.2–5.78)] were 
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associated with increased RGC in the propensity weighted analysis. Conversely, a protective [0.25 (95%CI 
0.16–0.39)] effect against increased RGC was observed in patients undergoing esophagogastroduodenoscopy 
combined with colonoscopy. In the SG, the mean time of preoperative semaglutide interruption in patients with 
and without increased RGC was 10.5 ± 5.5 and 10.2 ± 5.6 days, respectively (p = 0.54). There was no rela-
tionship between semaglutide use and the amount/volume of RGC found on esophagogastroduodenoscopy (p =
0.99). Only one case (in the SG) of pulmonary aspiration was reported. 
Conclusions: Semaglutide was associated with increased RGC in patients undergoing elective esophagogas-
troduodenoscopy. Digestive symptoms prior to esophagogastroduodenoscopy were also predictive of increased 
RGC.   

1. Introduction 

Glucagon-like peptide-1 (GLP-1) receptor agonists increase insulin 
production, reduce glucagon production, induce satiety, and may delay 
gastric emptying. They became available in 2005 for managing type 2 
diabetes and obesity. Measurement of (delayed) gastric emptying has 
been suggested as a biomarker of GLP-1 agonists responsiveness and for 
determination of suitability for prolonged treatment [1]. Semaglutide, a 
GLP-1 agonist with a half-life of ~7 days, has gained popularity due to 
its convenient (once-weekly) dosage resulting in weight loss and 
improved cardiometabolic profile even in non-diabetic patients [2,3]. 

In the metabolic literature, a commonly used indirect method of 
measuring gastric emptying is through determining serum paracetamol 
concentration after paracetamol ingestion with a meal. Paracetamol is 
not absorbed in the stomach but is absorbed almost immediately upon 
entering the duodenum. Assuming that the passage time of paracetamol 
through the stomach is identical to that of the meal, one can estimate 
gastric emptying based on the time course of the plasma paracetamol 
concentration. Delayed gastric emptying secondary to GLP-1 agonists 
use has been found in some [4–6], but not all [7], studies in the non- 
preoperative fasted setting based on this method. 

Delayed gastric emptying has important anesthetic implications. 
Given the lack of reports examining the correlation between perioper-
ative GLP-1 agonists use and residual gastric content (RGC) in the 
anesthesiology literature, we aimed to investigate the relationship be-
tween perioperative semaglutide use and RGC in patients undergoing 
elective upper endoscopy (UE) under deep sedation or general anes-
thesia. During UE, the entire stomach contents are meticulously emptied 
under direct vision and represent a direct (and presumably accurate) 
measurement of gastric contents. We therefore decided to study UE 
patients to test the hypothesis that semaglutide is associated with 
increased RGC despite adequate preoperative fasting. 

2. Materials and methods 

In this retrospective observational study, we reviewed electronic 
medical records of all patients undergoing elective UE under deep 
sedation and/or general anesthesia between July/2021–March/2022 at 
Vila Nova Star Hospital. All included patients complied with our insti-
tutional (≥ 2 h for clear fluids, and ≥ 8 h for solids and fluids with 
residue) fasting guidelines. All patients ≥ 18 years-old presenting for 
elective diagnostic UE were eligible. Exclusion criteria were: gastric 
outlet obstruction, gastric volvulus, frank/active esophageal/gastric/ 
duodenal bleeding, American Society of Anesthesiologists Physical 
Status (ASA-PS) ≥ IV, recent (≤ 2 months) abdominal surgery, emer-
gency endoscopic procedures, UE combined with other/surgical pro-
cedures, chronic renal and/or liver disease, achalasia, Zenker’s 
diverticulum, linitis plastica, multiple myeloma, systemic collagenosis, 
amyloidosis, pregnancy, chronic opioid use, drug addiction, use of 
vasoactive agents, patients admitted to the intensive care unit, preop-
erative use/ingestion of medication known to affect gastric emptying (e. 
g., tricyclic antidepressants, opioids, pro-kinetics, histamine H2- 
receptor antagonists) other than semaglutide, and incomplete medical 
records. Patients using GLP-1 agonists other than semaglutide were also 

excluded. Primary outcome was the presence of increased RGC defined 
as any amount of solid content from the esophagus to the pylorus, or >
0.8 mL/Kg of fluid content as measured from the aspiration/suction 
canister. Notably, we assumed that > 0.8 mL/Kg of fluid content would 
characterize a higher risk for broncho-aspiration based on previous work 
by Bouvet et al. [8]. Upon esophageal intubation, the endoscopist per-
formed a complete gastric inspection/examination and aspirated all 
gastric contents into a graduated canister via the endoscope. All UE 
reports and images were digitally recorded and stored in the institu-
tional database. The RGC volume was routinely visually (small, medium, 
or large) [9,10] estimated by the endoscopist (Fig. 1). Secondary 
outcome was the incidence of perioperative broncho-aspiration. The 
following demographic and past medical data were recorded: age, 
height, weight, sex, ASA-PS, previous surgical procedure(s), preopera-
tive fasting time (for fluids and solids), presence and type (diet- 
controlled, type 1, type 2) of diabetes and other comorbidities including 
psychiatric illness(es) requiring pharmacologic/medical intervention. 
Additionally, the presence of ongoing digestive symptoms (nausea/ 
vomiting, dyspepsia, and/or abdominal distension) on the day of/ 
immediately pre-UE was assessed through a standardized questionnaire. 
Notably, the perioperative use of GLP-1 agonists has been mandatorily 
recorded during pre-anesthetic evaluations at our institution since July/ 
2021 when a quality improvement policy requiring cross reference of at 
least two sources of medication reconciliation (e.g., patient/family 
member reports, pharmacy list, available medical record/chart) was 
implemented. In total, 886 UEs were performed, of which 404 were 
included in the final analysis (Fig. 2). Patients were grouped according 
to whether they had received preoperative semaglutide subcutaneously 
once/week (semaglutide group, or SG) and patients not exposed to 
semaglutide (non-semaglutide group, or NSG) within 30 days prior to 
the UE. Indications for semaglutide in all included patients were man-
agement of diabetes and/or promotion of weight loss. Notably, when the 
primary indication was diabetes mellitus and semaglutide was dis-
continued prior to the UE, glycemic control was managed with diet 
control and/or insulin (using a sliding scale) at the discretion of the 
attending endoscopist. The last day of semaglutide administration pre- 
UE was recorded. Since the (weekly) dosage was unavailable, it was 
not analyzed. Lastly, while patients scheduled for elective UE at our 
institution are routinely instructed to discontinue their semaglutide 
10–14 days prior to the procedure, some patients (and for a variety of 
reasons, such as short notice to fill in for an unforeseen UE cancelation) 
did not follow this instruction. 

Premedication was not routinely administered. The sedation/anes-
thetic procedure was at the discretion of the anesthesiologist. Intra-
operative monitoring consisted of sphygmomanometry, 
electrocardiography, pulse oximetry, and capnography. 

This investigation was approved by the Institutional Research Ethics 
Board (IREB) (protocol 5.414.154, CAAE 58725222.3.0000.0087) who 
waived informed consent. STROBE guidelines were followed, and this 
study complied with Resolution 466/2012 of the Brazilian National 
Health Council. 
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2.1. Statistical analysis 

The sample size was based on the available data, i.e., all patients who 
underwent UE between July/2021–March/2022. No statistical power 
calculation was performed before the study. 

The normality of the data distribution was assessed using the normal 
quantile–quantile (QQ) plot. Pearson Chi-squared test was employed for 
categorical variables, and partitioning Chi-square when p < 0.05. The 
Mann-Whitney U test was used to compare differences between two 
independent groups when the dependent variable is either ordinal or 
continuous, but not normally distributed. The inverse of the propensity 
scores (PS) was used to weight the patient cohort for the treatment group 
(SG) and 1/(1-PS) for the control group (NSG), thus the term Inverse 
Probability Treatment Weighting (IPTW). In addition to covariate 
adjusted Poisson regression model (with robust variance), we performed 
a propensity weighted analysis using IPTW to estimate the prevalence 
ratios (PR) with associated 95% confidence intervals (95%CI). The 
propensity score was constructed with a wide array of independent 
variables: age, sex, body mass index (BMI), diabetes mellitus, hyper-
tension, psychiatric illness, ASA-PS classification, fasting duration for 
clear fluids, fasting duration for solids and/or fluids with residue, 
proton-pump inhibitors, previous fundoplicature for gastroesophageal 
reflux disease, previous other gastric surgeries, and colonoscopy com-
bined with UE. Absolute standardized differences were calculated to 
assess the presence of residual differences in measured covariates 
following cohort weighting [11]. When this standardized difference was 
< 0.1, we considered the groups to be balanced on the covariate [12]. In 
addition to numeric comparisons of balance, QQ plots were used for this 
purpose. We evaluated the overlapping assumption of propensity scores 
using density and histogram plots. 

STATA® (version 17.0, College Station, TX) was used for all ana-
lyses. QQ plots were performed using R software version 3.4.4 (R 
Foundation for Statistical Computing, Austria). The research data 
related to this submission has been published in Mendeley Data (https 
://data.mendeley.com/drafts/78ghfpj225; doi: 10.17632/78g 
hfpj225.1). The files associated with this dataset are licensed under an 
attribution non-commercial 3.0 Unported license (CC BY NC 3.0). 

3. Results 

This cohort included 404 patients (33 in the SG and 371 in the NSG), 
of whom 48.5% were female. The median age was 50 (39–64) years. The 
primary indication for semaglutide use was predominantly promotion of 
weight loss (87.8%), followed by management of diabetes mellitus 
(12.2%). Obesity (BMI > 30 kg.m− 2) was observed in 19.9% of included 
patients. Table 1 shows the participants’ demographic and clinical 
characteristics. Increased RGC was observed in 27 (6.7%) patients, being 
8 (24.2%) in the SG and 19 (5.1%) in the NSG (p < 0.001). Solid content 
was observed in 85.2% of patients with increased RGC. Supplementary 
Table 1 shows the participants’ demographic and clinical characteristics 
according to residual gastric solid content. Fasting intervals for clear 
fluids and solids were 9.3 (5.0–12.8) and 14.5 (12.2–28.7) hours, 
respectively. In total, 38 (9.4%) patients were treated for diabetes, being 

4 (10.6%) in the SG and 34 (89.4%) in the NSG. The unadjusted analysis 
showed that semaglutide use [PR = 4.73 (95%CI 2.07–10.81)] and the 
presence of ongoing digestive symptoms [PR = 6.1 (95%CI 2.67–13.98)] 
were significantly associated with increased RGC. Conversely, when UE 
was combined with colonoscopy, a protective [PR = 0.13 (95%CI 
0.15–0.78)] effect against increased RGC was observed (Table 1). Fast-
ing intervals for clear fluids and solids did not differ in relation to the 
presence/absence of increased RGC (Suppl. Fig. 1). Supplementary 
Table 2 shows the relationship between the presence of clinical condi-
tions and/or ongoing upper GI symptoms and the need for elective UE 
according to the presence/absence of increased RGC. 

Since balancing the distribution of relevant variables between non- 
users and users of semaglutide is the main reason for propensity score 
estimation, covariate balancing test is presented in Suppl. Table 3 and 
clinical characteristics between semaglutide users and non-users in 
Suppl. Fig. 2. The standardized differences of the covariates before and 
after IPTW show that the heterogeneous cohorts became homogeneous 
after propensity score estimation. The QQ plot shows that the majority 
of points remain near the center line for the matched QQ plots (Suppl. 
Fig. 3). This pattern indicates that patients at each quantile in the dis-
tribution had similar scores on the covariates. 

In the weighted analysis, semaglutide use [PR = 5.15 (95%CI 
1.92–12.92)] and the presence of ongoing digestive symptoms prior to 
the UE [PR = 3.56 (95%CI (2.2–5.78)] remained significantly associated 
with increased RGC, while UE combined with colonoscopy had a pro-
tective effect [PR = 0.25 (95%CI (0.16–0.39)] (Table 2). In the weighted 
analysis including a composite variable ‘semaglutide use versus presence 
of ongoing digestive symptoms’, semaglutide use and the presence of 
digestive symptoms pre-UE showed a higher prevalence ratio [PR = 16.5 
(95%CI (9.0–34.91)] compared to semaglutide use in the absence of 
ongoing digestive symptoms [PR = 9.68 (95%CI (5.6–17.66)] (Table 2). 

The time intervals of semaglutide interruption in patients with and 
without increased RGC were 10 (6–15) and 11 (7.75–12.5) days, 
respectively (p = 0.67) (Suppl. Fig. 4). There was no variable associated 
with increased RGC in semaglutide users (Suppl. Table 4). Among the 27 
patients who were found to have increased RGC, the RGC was visually 
estimated as small, moderate, and large, in 7 (25.9%), 7 (25.9%), and 13 
(48.1%) patients, respectively. There was no relationship between 
semaglutide use and the amount of RGC found on UE (p = 0.99) (Suppl. 
Table 5). 

Ongoing digestive symptoms prior to UE were reported by 26 (6.4%) 
patients. Suppl. Table 6 shows the univariate analysis including poten-
tial factors associated with ongoing digestive symptoms. In the adjusted 
analysis, age [PR = 0.93 (95%CI 0.83–0.99)] and semaglutide use [PR 
= 5.48 (95%CI 2.31–12.98)] were independently associated with 
ongoing digestive symptoms (Suppl. Table 7). The average age was 
lower among symptomatic patients (p < 0.001) (Suppl. Fig. 5). 

In total, 392 (97.0%) patients underwent UE under deep sedation, 
and 12 (3.0%) received a general anesthetic. Only one (0.24%) case 
(under deep sedation) of broncho-aspiration was reported. This was a 
63-year-old man, with BMI = 37.7 kg.m− 2 and history of hypertension, 
previous gastric bypass, and preoperative use of semaglutide (last dose 
11 days pre-UE), and whose fasting interval (12.4 h for both clear fluids 

Fig. 1. Upper endoscopy images showing amount of residual gastric content as visually estimated by the attending endoscopist: (A) Small, (B) Medium, (C) Large. 
Notably, all images were from patients using perioperative semaglutide. 
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and solids) was in compliance with our institutional guidelines. This 
patient denied ongoing digestive symptoms pre-UE. 

4. Discussion 

Preoperative fasting has long been adopted to decrease RGC and 
mitigate aspiration risk prior to induction of anesthesia. Certain medical 
conditions, however, are associated with delayed gastric emptying and 
increased gastric content despite adequate (or even prolonged) fasting 
intervals [13,14]. 

GLP-1 agonists have been associated with delayed gastric emptying 
[4–6], but to date, reports examining the relationship between periop-
erative semaglutide use and increased RGC (and broncho-aspiration) are 
lacking. Hence, several questions remain unanswered: (i) is periopera-
tive semaglutide use associated with higher gastric contents? (ii) given 
its ~1-week half-life, how long should semaglutide be interrupted pre-
operatively? (iii) what is the ideal/safe preoperative fasting interval (if 
different than recommended by current guidelines) for patients using 
semaglutide undergoing elective surgical/anesthetic procedures? We 
aimed to answer the first of these questions. Notably, designing a clinical 
trial to investigate the relationship between perioperative semaglutide 
use and broncho-aspiration would present several ethical and method-
ological limitations. Indeed, deliberately exposing patients to the po-
tential risk of broncho-aspiration would be ethically unjustifiable. 
Additionally, the low incidence of pulmonary aspiration (one in every 
2000–3000 anesthetic procedures) [14] would require a very large 
sample size. In this context, a retrospective analysis using RGC as a 
surrogate to identify at-risk patients for broncho-aspiration seems 
appealing, at the very least for hypothesis generation. Furthermore, 
patients undergoing elective UE possibly represent the ideal population 
given that they (i) are appropriately fasted and routinely have their RCG 
(ii) visually estimated and (iii) quantitatively measured as part of the 
procedure. Notably, scintigraphy-based studies have demonstrated a 
strong correlation between the presence (and quantity) of RGC and 
delayed gastric emptying [9,15]. Moreover, increased RGC has been 

used as a surrogate for gastroparesis in previous reports [16]. 
In a large retrospective cohort of 85,116 patients undergoing 

esophagogastroduodenoscopy, Bi et al. [15] reported a 3% incidence of 
retained gastric food. Conversely, the incidence of residual gastric solid 
content in our cohort was significantly higher (5.7%), even after 
excluding patients using semaglutide (4.6%). Such considerable differ-
ences are likely multifactorial. A selection bias might have been present 
given that our institution manages primarily complex oncological pa-
tients. Nevertheless, our findings (and those from Bi et al. [15]) un-
derscore increased RGC as a somewhat common entity affecting several 
patients perioperatively (despite “adequate” preoperative fasting) and 
highlight the need for further investigations particularly focused on 
associated risk factors and the incidence of perioperative broncho- 
aspiration. 

According to our findings, perioperative use of semaglutide was 
associated with a prevalence ratio for increased RGC of 5.15 (95%CI 
1.92–12.92) in the weighted analysis. Interestingly, perioperative use of 
GLP-1 agonists was not associated with retained gastric food among Bi 
et al.’s large cohort of patients undergoing esophagogastroduodeno-
scopy [15]. Notably, however, their study was underpowered for such 
outcome since only 6 (out of 85,116 patients) had reportedly been using 
GLP-1 agonists perioperatively [15] (versus 33 out of 404 patients in our 
cohort). Nevertheless, the odds of retained gastric food in Bi et al.’s [15] 
cohort were increased in patients with type 1 diabetes (OR = 1.7, p ≤
0.001), type 2 diabetes (OR = 1.4, p ≤ 0.001), amyloidosis (OR = 1.7, p 
≤ 0.001), structural foregut abnormalities (OR = 2.6, p ≤ 0.001), and 
gastroparesis (OR = 4.8, p ≤ 0.001), of which only the latter was 
comparable to (or, as high as) semaglutide use (PR = 5.15, 95%CI 
1.92–12.92) found in our cohort, which corroborates our hypothesis 
that semaglutide is associated with delayed gastric emptying/gastro-
paresis and increased RGC. 

Current guidelines recommend preoperative fasting of 2 h for clears 
fluids and 6–8 h for solids and fluids with residue [17,18]. In fact, our 
institutional fasting guidelines for patients scheduled for UE assume a 
minimum of 4 h for clear fluids and 12 h for solids and fluids with 

Fig. 2. Study flow chart in accordance with the STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) statement (http://www.strobestat 
ement.org). UE = upper endoscopy; RGC = residual gastric content. 
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residue. These rather (over-)conservative recommendations have been 
agreed upon by our local attending endoscopists and anesthesiologists 
and aim to minimize gastric residue that may not only hinder the ex-
amination, but also increase the risk of aspiration in a patient population 
that, in its great majority (97%), will undergo the UE under deep 
sedation without endotracheal intubation. This is reflected by the 

average fasting intervals (9.3 h for clear fluids and 14.5 h for solids) 
observed in our cohort (Table 1), and is in line with previous reports that 
found a median 13.9-h fasting interval prior to UE [19]. Importantly, 
current perioperative fasting recommendations [17,18] are based on 
data derived from healthy individuals, since “at-risk” patients (e.g., 
diabetes, previous foregut surgery, elderly and/or obese patients) have 
been deliberately excluded from prospective studies [17,18,20]. Addi-
tionally, meal-related (last meal’s volume, particle size, caloric density, 
fat and fiber percentage) and gastric (pH, antral motility, gastric ac-
commodation) factors that directly affect gastric emptying [21] have 
rarely been considered in these investigations [17,18]. Importantly, 
given the recent introduction of GLP-1 agonists into clinical practice, 
traditional fasting guidelines [17,18] have largely overlooked their 
(well-documented) delayed gastric emptying effect [4,6,22]. In fact, 
even guidelines assessing the role of endoscopy in patients with known 
gastroparesis have apparently failed to address the ideal pre-procedure 
fasting intervals [23]. Also noteworthy is the fact that studies support-
ing current fasting guidelines are based primarily on clinical (broncho- 
aspiration) outcomes rather than direct endoscopic visualization/ 
quantification of gastric contents. Hence, the true validity (and perhaps, 
most importantly, generalizability) of such recommendations for 
ensuring an “empty” stomach preoperatively remains debatable, espe-
cially when accounting for (highly heterogeneous) “at-risk” populations. 
Further investigations (ideally based on direct quantification of RGC) 
are therefore warranted to better inform perioperative guidelines 
regarding ideal fasting intervals. Future studies should be tailored to 
different patient populations considering both patient and procedural 
underlying factors. For instance, given the high prevalence of increased 
RGC identified in the present investigation (as well as in previous re-
ports) [15] despite the observed longer-than-recommended pre-pro-
cedure fasting intervals, one may argue that patients undergoing UE 
should be routinely considered for pre-endoscopy fasting intervals that 

Table 1 
Demographic and clinical characteristics of 404 patients undergoing elective upper endoscopy according to the presence/absence of increased residual gastric content 
(Univariate analysis using the Poisson regression model).  

Variables  Increased residual gastric content† Unadjusted PR (95% CI) P-value 

Total (n = 404) No (n = 377) Yes (n = 27) 

Age (years)1 50.8 (39–64) 51.3 (40–64) 45.0 (33.5–59.5) 0.97 (0.95–1.00) 0.053 
Sex2     0.464 
Female 48.5 (196) 48.0 (181) 55.6 (15) 1.00  
Male 51.5 (208) 52.0 (196) 44.4 (12) 0.75 (0.35–1.61) 0.464 
BMI1 (kg.m− 2) 26.2 (22.98–28.73) 26.1 (23–28.7) 27.0 (25.1–32.8) 1.03 (0.96–1.10) 0.974 
Fasting duration for clear liquids1 (hours) 9.3 (5–12.81) 9.2 (4.95–12.8) 10.8 (7.79–12.5) 1.06 (0.99–1.14) 0.084 
Fasting duration for solids1 (hours) 14.5 (12.19–28.73) 14.0 (12.3–16.3) 13.9 (11.8–14.4) 0.95 (0.85–1.07) 0.457 
ASA-PS classification2      

I 19.3 (78) 19.6 (74) 14.8 (4) 1.00  
II 71.0 (287) 70.8 (267) 74.1 (20) 1.35 (0.46–3.97) 0.575 
III 9.7 (39) 9.5 (36) 11.1 (3) 1.50 (0.33–6.70) 0.595 
Hypertension2 26.6 (103) 26.1 (98) 18.5 (5) 0.66 (0.25–1.74) 0.405 
Diabetes Mellitus2 9.4 (38) 9.5 (36) 7.4 (2) 0.77 (0.18–3.25) 0.722 
Psychiatric illness2 29.2 (118) 28.1 (106) 44.4 (12) 1.93 (0.90–4.14) 0.087 
Treated hypothyroidism2 18.3 (74) 18.3 (69) 18.5 (5) 1.01 (0.38–2.67) 0.978 
Dyslipidemia2 22.3 (90) 22.8 (86) 14.8 (4) 0.60 (0.20–1.75) 0.356 
Semaglutide use2# 8.1 (33) 6.6 (25) 29.6 (8) 4.73 (2.07–10.81) <0.001 
Proton-pump inhibitors2 13.5 (55) 13.1 (49) 22.22 (6) 1.5 (0.54–4.14) 0.42 
Previous fundoplicature for GERD2 6.9 (28) 6.6 (25) 11.1 (3) 1.67 (0.50–5.57) 0.397 
Previous other gastric surgeries2 11.4 (46) 10.6 (40) 22.2 (6) 2.22 (0.89–5.50) 0.084 
Colonoscopy combined with upper endoscopy2 55.0 (222) 56.8 (214) 29.6 (8) 0.13 (0.15–0.78) 0.011 
Digestive symptoms2# 6.4 (26) 4.8 (18) 29.6 (8) 6.12 (2.67–13.98) <0.001 
Semaglutide versus Digestive symptoms2##     <0.001 
No Semaglutide use and no digestive symptoms 87.6 (354) 95.8 (339) 4.2 (15) 1.00  
Semaglutide use and digestive symptoms 2.2 (9) 55.6 (5) 44.4 (4) 10.49 (3.48–31.60) <0.001 
Semaglutide use and no digestive symptoms 5.9 (24) 83.3 (20) 16.7 (4) 3.93 (1.30–11.85) 0.014 
No Semaglutide use and digestive symptoms 4.2 (17) 76.5 (13) 23.5 (4) 5.55 (1.84–16.73) 0.002 

Abbreviations: Body mass index (BMI) (kg.m− 2); Gastroesophageal reflux disease (GERD); The American Society of Anesthesiologists Physical Status (ASA-PS) 
classification; Confidence Interval (CI); Prevalence ratio (PR). †Increased residual gastric content was defined as any amount of solid content from the pharynx to the 
pylorus, or > 0.8 mL/Kg of fluid content as measured from the aspiration/suction canister. 1 Values expressed as median (percentile 25–75%); 2 Values expressed as % 
(n). P-values are based on regression analysis. 

Table 2 
Summary of propensity weighted analysis.   

Propensity weighted analysis (A)  

Estimate 
(PR) 

95% CI P-value 

Semaglutide use 5.15 1.92–12.92 <0.001 
Digestive symptoms 3.56 2.2–5.78 <0.001 
Colonoscopy combined with upper 

endoscopy 
0.25 0.16–0.39 <0.001  

Propensity weighted analysis (B)  

Estimate 
(PR) 

95% CI P-value 

Semaglutide use and digestive symptoms 16.5 9.08–34.91 <0.001 
Semaglutide use and no digestive 

symptoms 
9.68 5.6–17.66 <0.001 

No Semaglutide use and digestive 
symptoms 

4.94 1.32–15.77 0.0098 

Colonoscopy combined with upper 
endoscopy 0.26 0.16–0.39 <0.001 

Estimates correspond to prevalence ratio (PR). CI = confidence interval. (A) 
Weighted analysis including semaglutide use and presence of digestive symp-
toms prior to upper endoscopy, separately; (B) Weighted analysis with a com-
bined variable semaglutide versus presence of digestive symptoms prior to 
endoscopy. Robust covariance estimates were used for all propensity weighted 
analyses. 
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are significantly longer than those recommended by traditional guide-
lines to ensure optimal technical conditions and patient safety. 

When UE was combined with colonoscopy, a protective [PR = 0.25 
(95%CI (0.16–0.39)] effect was observed against increased RGC 
compared to UE alone. Given that food characteristics interfere with 
gastric emptying [21] (with different fasting intervals recommended for 
different types of food) [17], the residue-free diet (i.e., no seed- 
containing food 5 days prior to the exam, fiber-free diet 24 h prior to 
the exam, and liquid diet on the evening pre-exam) routinely prescribed 
to our patients for bowel preparation prior to colonoscopy might have 
played a role. Notably, there are marked differences between the solu-
tions used locally (mannitol) and elsewhere (polyethylene glycol) 
[24–26] for bowel preparation with regards to osmolarity, total volume 
administered, and time recommended between the last dose and the 
beginning of the procedure. Nevertheless, a simple intervention to 
further reduce/eliminate RGC prior to UE would be a liquid diet on the 
day prior to the exam, although further studies are needed to confirm its 
benefits/effects. 

There is currently no standardized method to quantifying the RGC 
volume identified by endoscopy. At our institution, as described in 
previous studies [9,10,15], endoscopists visually estimate this volume as 
small, medium or large (Fig. 1). Given the direct correlation between 
RGC volume and the risk of broncho-aspiration [13], one can assume 
that patients presenting with medium/large RGC (reported at 73–84% of 
patients undergoing UE) [9,15] are at greater risk of aspiration. In our 
sample, medium/large RGC volumes were found in 74% of patients and 
there was no relationship between perioperative semaglutide use and 
RGC volume (p = 0.99). 

Gastrointestinal symptoms are common among patients using sem-
aglutide with an incidence of nausea, vomiting and diarrhea reported at 
11.4–20%, 4–11.5%, and 4.5–11.3%, respectively [27–29]. In a trial 
evaluating semaglutide use and cardiovascular outcomes in patients 
with type 2 diabetes, nausea, vomiting and diarrhea were the most 
frequent side effects (51%) and the main cause for semaglutide 
discontinuation (13%) [30]. In our cohort, ongoing digestive symptoms 
were positively [PR = 3.56 (95%CI (2.2–5.78)] correlated with 
increased RGC. Conversely, nearly 25% of patients with chronic nausea 
and vomiting present with normal gastric emptying as evidenced by 
scintigraphy [31], and not every patient with increased RGC has evi-
dence of gastroparesis [15]. Nevertheless, our weighted analysis showed 
a remarkably higher risk of increased RGC in patients presenting with 
ongoing digestive symptoms concurrent with perioperative semaglutide 
use [PR = 16.5 (95%CI (9.08–34.91)] (Table 2). One, therefore, may 
argue that inquiring about ongoing digestive symptoms during the pre- 
anesthetic assessment is not only simple and cost-effective, but also may 
improve anesthesiologists’ ability to identify patients at a higher risk of 
increased RGC (and broncho-aspiration), especially among those in 
concomitant perioperative semaglutide use. Lastly, the absence of 
ongoing digestive symptoms in patients on regular use of semaglutide 
was associated with a lower, albeit still elevated [PR = 9.68 (95%CI 
5.6–17.66)], risk of increased RCG. 

A GLP-1 agonist infusion has been shown to inhibit gastric emptying 
in type 2 diabetic patients [32]. Recent studies have suggested that this 
inhibitory effect depends on the duration of medication exposure, with 
evidence of delayed postprandial early-emptying after 12 weeks of 
treatment [33], which tends to subside/resolve after 20 weeks [7]. 
Accordingly, common side effects (e.g., nausea/vomiting) that can be 
potentially attributed to delayed gastric emptying tend to peak at 
around 12 weeks of treatment [34], and subsequently subside, with 
patients reporting mild to moderate gastrointestinal symptoms for up to 
30 weeks of semaglutide use [30]. Some authors have observed a 
reduction in delayed gastric emptying over time which has been 
attributed to tachyphylaxis [6,7,35,36] (which is apparently more 
common with long-acting GLP-1 agonists, such as semaglutide) [6]. It 
has been postulated that such tachyphylaxis derives primarily from 
altered vagal nerve function rather than GLP-1 receptor downregulation 

and/or desensitization [6]. Nevertheless, while there appears to be a 
positive correlation between digestive symptoms and delayed gastric 
emptying in patients using GLP-1 agonists, the origin of ongoing nausea 
and/or vomiting is likely multifactorial as nausea often occurs even 
during fasting intervals [37] and regardless of the postprandial gastric 
emptying velocity [32]. Accordingly, a central nervous system (i.e., 
reduced brain penetrance) effect has been recently suggested in an an-
imal model, resulting in lower incidence of vomiting, despite retaining 
glucose control effects [37]. All in all, even though the precise mecha-
nism(s) resulting in digestive symptoms in patients on GLP-1 agonists 
remain a subject of debate, caution is advised, particularly during the 
initial 8–12 weeks of treatment, which correspond to the highest inci-
dence of nausea [34] and, therefore, may be a critical interval for the 
risk of perioperative broncho-aspiration. 

GLP-1 agonists-induced delayed gastric emptying is thought to be 
dose-dependent [22]. Indeed, higher (1.0 mg) doses of semaglutide were 
associated with higher incidence of nausea (21.9% vs 17.3%) and 
vomiting (10.5% vs 14.8%), and higher likelihood (4.2% vs. 2.2%) of 
unanticipated medication discontinuation compared to lower (0.5 mg) 
doses [30]. 

Only one case of pulmonary aspiration was reported in our cohort. 
This was a 63 years-old hypertensive man, with previous history of 
gastric bypass and using semaglutide (last dose 11 days pre-UE) whose 
fasting interval (12.4 h) was in compliance with our local guidelines. 
Notably, despite pulmonary aspiration being a rare (one in every 
2000–3000 procedures under anesthesia) [14] event, when a dispro-
portionately large amount of gastric residue is identified during UE, it is 
our routine practice to either immediately interrupt the endoscopic 
exam, or to proceed with orotracheal intubation to protect the patient 
against broncho-aspiration. 

This study contains limitations. First, given its retrospective design, 
many (482 or 54.4%) medical records were excluded (Fig. 2). Secondly, 
while name (semaglutide, liraglulide, and dalaglutide) and date of GLP- 
1 agonists last dose are routinely included as part of our institutional 
pre-anesthetic assessment, several charts lacked the specific dosage/ 
posology as well as start date of GLP-1 agonists therapy. Posology and 
time interval since therapy initiation may directly impact the occur-
rence/degree/severity of delayed gastric emptying [6,7,22,35,36] and 
their analysis could therefore provide relevant and valuable data. 
Thirdly, our rather small sample (only 33 patients using semaglutide) 
was not sufficiently powered to determine the ideal/safe time interval (if 
there is one) of preoperative semaglutide interruption prior to elective 
surgical/anesthetic procedures. Fourthly, the fasting time in our cohort 
(Table 1) was substantially longer than what is currently recommended 
[17,18], which may have contributed to a lower incidence of increased 
RGC. Fifthly, the retrospective nature of the study and the fact that the 
measurement of the gastric content was performed by different endo-
scopists and in a qualitive scale could be considered a potential bias. 
Finally, our cohort included predominantly non-diabetic patients using 
semaglutide for weight loss. 

In conclusion, perioperative semaglutide use was associated with 
increased RGC in patients undergoing elective UE. The presence of 
ongoing digestive symptoms prior to endoscopy was also a predictor of 
increased RGC. Further studies are warranted to better understand the 
impact of semaglutide’s dosage and/or treatment duration on RGC and, 
most importantly, to determine the ideal preoperative fasting interval, 
and the true risk-benefit ratio of therapy (dis-)continuation perioper-
atively. For poorly controlled diabetic patients scheduled to undergo 
elective surgical procedures, the benefits of bridging semaglutide with 
shorter-acting anti-diabetic agents, although clinically and pharmaco-
logically plausible, remain speculative at this time. 
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[22] Meier JJ, Rosenstock J, Hincelin-Méry A, Roy-Duval C, Delfolie A, Coester HV, 
et al. Contrasting effects of lixisenatide and liraglutide on postprandial glycemic 
control, gastric emptying, and safety parameters in patients with type 2 diabetes on 
optimized insulin glargine with or without metformin: a randomized, open-label 
trial. Diabetes Care 2015;38:1263–73. https://doi.org/10.2337/dc14-1984. 

[23] Fukami N, Anderson MA, Khan K, Harrison ME, Appalaneni V, Ben-Menachem T, 
et al. The role of endoscopy in gastroduodenal obstruction and gastroparesis. 
Gastrointest Endosc 2011;74:13–21. https://doi.org/10.1016/j.gie.2010.12.003. 

[24] Tandon K, Khalil C, Castro F, Schneider A, Mohameden M, Hakim S, et al. Safety of 
large-volume, same-day oral bowel preparations during deep sedation. Anesth 
Analg 2017;125:469–76. https://doi.org/10.1213/ANE.0000000000001805. 

[25] Cheng C-L, Liu N-J, Tang J-H, Kuo Y-L, Lin C-H, Tsui Y-N, et al. Residual gastric 
volume after bowel preparation with polyethylene glycol for elective colonoscopy. 
J Clin Gastroenterol 2017;51:331–8. https://doi.org/10.1097/ 
MCG.0000000000000547. 

[26] Agrawal D, Elsbernd B, Singal AG, Rockey D. Gastric residual volume after split- 
dose compared with evening-before polyethylene glycol bowel preparation. 
Gastrointest Endosc 2016;83:574–80. https://doi.org/10.1016/j.gie.2015.08.081. 

[27] Sorli C, Harashima S, Tsoukas GM, Unger J, Karsbøl JD, Hansen T, et al. Efficacy 
and safety of once-weekly semaglutide monotherapy versus placebo in patients 
with type 2 diabetes (SUSTAIN 1): a double-blind, randomised, placebo-controlled, 
parallel-group, multinational, multicentre phase 3a trial. Lancet Diabetes 
Endocrinol 2017;5:251–60. https://doi.org/10.1016/S2213-8587(17)30013-X. 

[28] Rodbard HW, Lingvay I, Reed J, de la Rosa R, Rose L, Sugimoto D, et al. 
Semaglutide added to basal insulin in type 2 diabetes (SUSTAIN 5): a randomized, 
controlled trial. J Clin Endocrinol Metab 2018;103:2291–301. https://doi.org/ 
10.1210/jc.2018-00070. 

[29] Zinman B, Bhosekar V, Busch R, Holst I, Ludvik B, Thielke D, et al. Semaglutide 
once weekly as add-on to SGLT-2 inhibitor therapy in type 2 diabetes (SUSTAIN 9): 
a randomised, placebo-controlled trial. Lancet Diabetes Endocrinol 2019;7:356–67. 
https://doi.org/10.1016/S2213-8587(19)30066-X. 

[30] Marso SP, Bain SC, Consoli A, Eliaschewitz FG, Jódar E, Leiter LA, et al. 
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