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ABSTRACT

INTRODUCTION. Glucagon-like peptide-1 receptor agonists (GLP1-RAs) are increasingly used to manage type 2 diabetes (T2D)
and obesity. Recently, concerns have been raised regarding perioperative GLP1-RA management due to delayed gastric
emptying and the potential risk of pulmonary aspiration. However, since no prospective data are available on surgical
patients, we aimed to investigate the risk of perioperative pulmonary aspiration in patients with T2D treated with a GLP1-RA
undergoing fast-track hip and knee arthroplasty.

METHODS. This was a prospective observational study within a multicentre fast-track hip and knee replacement collaboration
in patients with T2D with receiving GLP-1 RA. Detailed data were collected from 1 October 2022 to 1 April 2024, including
perioperative GLP1-RA management, type of anaesthesia, complications and postoperative length of stay (LOS).

RESULTS. Among 426 patients with T2D, 19% had spinal anaesthesia without sedation, 53% had spinal anaesthesia with
propofol sedation, and 26% had general anaesthesia. Data on perioperative management of GLP1-RAs were available in 93%
of all patients, of whom 92% had continued their usual GLP1-RA regimen perioperatively, and the median LOS was one (IQR:
1-1) day. There were no cases with perioperative aspiration (0%; 95% confidence interval (Cl): 0.0-0.9%) or LOS > 2 days (7%;
95% Cl: 5-9%) potentially related to GLP1-RA-associated delayed gastric emptying.

CONCLUSION. Our results support reconsidering the arguments for prolonged withholding of GLP1-RA treatment before
surgery and suggest that it may be safe to continue GLP1-RA treatment up to the day of surgery in these patients.

FUNDING. This study was supported financially by a grant from the NOVO NORDISK Foundation (grant number
NNF21SA0073760).

TRIAL REGISTRATION. ClinicalTrials.gov (NCT05613439).

About 10% of patients undergoing total hip arthroplasty (THA), total knee arthroplasty (TKA) and
unicompartmental knee arthroplasty (UKA) in Denmark are diagnosed with type 2 diabetes (T2D) [1].

Glucagon-like peptide-1 receptor agonists (GLP1-RAs), used to treat T2D and obesity, stimulate glucose-
depending insulin secretion, suppress glucagon secretion and delay gastric emptying [2]. Due to the well-
documented effects on blood glucose, weight loss [3] and prevention of cardiovascular events (such as acute
myocardial infarction and stroke) without a heightened risk of hypoglycaemia [2], the use of GLP1-RAs is
expected to increase rapidly. However, delay of gastric emptying has raised concerns about the risk of

pulmonary aspiration, and perioperative management of GLP1-RAs is currently widely debated [4, 5].

Recent studies examined the relationship between semaglutide and GLP1-RAs use and residual gastric content
(RGC) in patients undergoing gastric endoscopy. RGC was defined as any solid contents or fluids of > 0.8 ml/kg
body weight and any solids in the stomach, respectively. Both studies found increased RGC in patients treated
with semaglutide and GLP1-RAs [6, 7]. Furthermore, case reports have described solid foods in the stomach of
patients treated with GLP1-RA during gastric endoscopy, despite a > 6-hour fasting period [8, 9]. Consequently,
the American Society of Anesthesiologists has published a consensus-based guidance on perioperative
management of GLP1-RAs, recommending holding daily doses of once-daily GLP1-RAs on the day of surgery and
of once weekly dosing one week prior to surgery, ensuring at least one-week cessation of long-acting GLP1-RAs
[10]. However, the American guidelines have not been adopted by any other country [11] and have been
questioned due to a lack of evidence and clinical studies [4, 12]. For example, the Danish Society of Anaesthesia
and Intensive Care did not find sufficient evidence to support a regular guideline but published a consensus
paper on considerations and precautions before anaesthesia in these patients. The consensus paper suggests
continuing usual treatment with weekly administered GLP1-RAs and pausing once-daily administered GLP1-RAs
on the day of surgery [13]. Finally, the American Society for Metabolic and Bariatric Surgery recently proposed a
statement on the perioperative use of GLP1-RAs, suggesting a multi-society clinical practice approach. They
clarified that the statement serves as guidance rather than an evidence-based guideline, further emphasising the

need for safety studies within the area [14].
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As no surgical procedure-specific data is available, we aimed to prospectively investigate the incidence of
perioperative aspiration in patients with T2D being treated with GLP-1 RAs undergoing fast-track hip and knee
arthroplasty [15].

Methods

This prospective observational study was conducted within a well-established multicentre fast-track
collaboration, adhering to a standardised fast-track protocol [15]. All reporting was performed according to the

Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines.
Setting

The Center for Fast-track Hip and Knee Replacement collaboration consist of eight public hospitals in Denmark,
covering approximately 40% of all national THA/TKA/UKA. Each centre has a main responsible surgeon and
dedicated research staff members (nurses and physiotherapists) to ensure a uniform setup. All patients operated
in the fast-track protocol receive standardised multimodal opioid-sparing analgesia, including local infiltration
analgesia for TKA/UKA, non-steroidal anti-inflammatory drug (NSAID)/cyclooxygenase (COX)-2 inhibitors,
paracetamol and high-dose glucocorticoid [15] along with postoperative nausea and vomiting prophylaxis
including ondansetron. Participants were instructed to pause daily doses of short-acting GLP1-RAs on the day of

surgery and continue long-acting GLP1-RAs before surgery according to established clinical practice.
Study population

All patients eligible for inclusion in the fast-track and scheduled for surgery from 1 October 2022 to 1 April 2024

underwent screening according to the inclusion criteria.
Inclusion criteria

The inclusion criteria were diabetes mellitus type 2 and an active prescription of antihyperglycaemic treatment,
including a GLP-1 RA.

Data collection

All data were collected in an established REDCap database in collaboration with the Open Patient data
Explorative Network at Odense University Hospital. Written informed consent was achieved through dedicated
research staff. Data collection included patient-reported information collected via questionnaires, either online
or on paper, with assistance from research staff and data extraction from electronic medical records. Data
contained demographics, comorbidity, pre-operative blood tests and length of stay (LOS) after surgery, defined

as an overnight stay.

Furthermore, for all patients with T2D, preoperative HbA; levels and antihyperglycaemic drugs administered
during hospitalisation were documented. Information regarding the cessation of preoperative
antihyperglycaemic medication on the day of surgery and its resumption after surgery was collected daily during

hospitalisation [15].

The type of anaesthesia was either spinal anaesthesia, spinal anaesthesia with propofol sedation or general
anaesthesia (total intravenous anaesthesia (TIVA); propofol and an opioid). Data on perioperative complications
(pulmonary aspiration) and LOS were collected from medical records. The patients’ electronical health-records
were reviewed to identify cases with a LOS > 2 days potentially caused by GLP1-RA-associated delayed gastric

emptying to ensure no cases of pulmonary aspiration were overlooked.
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Outcome

The primary outcome was the incidence of perioperative aspiration based on information from the anaesthesia
record or reason for hospitalisation> 2 days after surgery from the electronic health-care records of patients with

T2D who were treated with GLP-1Ras while undergoing fast-track hip and knee arthroplasty.

The secondary outcome was the proportion of patients with LOS >2 days related to GLP1-RA-associated delayed
gastric emptying according to the electronic health care records in patients with T2D treated with GLP1-RAs
undergoing fast-track hip and knee arthroplasty.

Statistics

Data were analysed using descriptive statistics. We report categorical data as frequencies and percentages with
95% confidence intervals (CI). Continuous data are reported as median (interquartile range (IQR)) or mean (=
standard deviation). For statistical analysis, RStudio (version 2023.06.0) and vassarstats.net (95% CI for

proportions) were used.
Data sharing statement

Anonymised data are available upon reasonable request to the corresponding author according to Danish law

(patient privacy).
Ethics

Patients gave consent regarding the completion of questionnaires and data extraction from their medical
records. Surgical and perioperative treatment follow usual practice without any changes; hence, according to

Danish law, ethical approval was unnecessary.

Trial registration: Permission to collect, store and process data was approved by the Region of Southern
Denmark (Journal No 22/39454), and the study is registered with ClinicalTrials.gov (NCT05613439).

Results

We included 426 patients (Table 1) with T2D treated with GLP1-RAs (Figure 1). Data on administration of GLP1-
Ras before surgery were available for 396 (93%) patients, of whom 393 (92%) had continued their usual treatment
regimen with the GLP1-RA up to the day of surgery. Only three (1%) patients had postponed long-acting GLP1-
RAs as their weekly injection was planned on the same day as surgery. In all three cases, the injection was
postponed to the day after surgery, meaning that they had their last GLP1-RA dose seven days before surgery.
Furthermore, we had no data on GLP1-RA administration before surgery in 30 (7%) patients. In total, 14.8% of
patients were treated with a GLP1-RA alone, 59% were treated with a GLP1-RA in combination with other non-

insulin antihyperglycaemic medications, and 26.2% were treated with a GLP1-RA and insulin.
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TABLE 1 Demographics in 426 patients with diabetes mellitus type 2 treated with
glucagon-like peptide-1 receptor agonists undergoing fast-track hip or knee arthroplasty.

Data
Overall
Age, mean (+ SD), yrs 69 (x 8)
BMI, mean (+ SD), kg/m? 34 (£ 9)
Prescribed medications, n (%) 11 (5)
Individually
Female
Walking aid

Fall > 2 x in the past 3 mos.
Living alone

Living in institutions
Working

Smoking

Alcohol > 15 U* wk
Psychotropic drug treatment
Cardiac disease®
Anticoagulant treatment
Pulmonary disease®
Previous cerebral attack
Opioid use before surgery

SD = standard deviation.

a)=120g.

b) On prescription cardiac medication.

c) On prescription medication for a pulmonary condition.

Patients, n (%)

with all data

236 (55)
217 (52)
35 (8)
146 (34)
9 (2)
95 (23)
39 (9)
31 (7)
58 (14)
378(89)
195 (46)
80 (19)
51 (12)
93 (22)

with missing data

2 (0.5)

7(2)
4(1)
4(1)
8(2)
9(2)
6 (1)
7(2)
3(1)

1(0.2)
4 (1)
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FIGURE 1 STROBE diagram of the study population.

All hip and knee arthroplasties
registered in the fast-track
collaboration from October 1 2022
to April 1 2024
(N=11,244)

Revision and bilateral
procedures
(n=291)

Primary unilateral procedures
(n=10,953)

Patients without diabetes
(n=9,753)

Patients diagnosed with diabetes
(n=1,200)

Patients with diabetes not
treated with GLP1-RAs
(n=774)

Patients with T2D undergoing
elective primary unilateral
arthroplasty treated with GLP1-RAs
(n=426)

GLP1-RA = glucagon-like peptide-1 receptor agonist; STROBE =
Strengthening the Reporting of Observational Studies in Epidemiology;
T2D = diabetes mellitus type 2.

Among the 426 included patients, 81 (19%) had spinal anaesthesia without propofol sedation, whereas 226 (53%)
had spinal anaesthesia with propofol sedation, and 119 (28%) had general anaesthesia (TIVA). Median LOS was
one day (IQR: 1-1 days). We found no cases of perioperative pulmonary aspiration (0%; 95% CI: 0-1%) or LOS > 2
days caused by potentially GLP1-RA-associated delayed gastric emptying (0%; 95% CI: 0-1%) (Table 2).
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TABLE 2 Reasons for length of stay > 2 days after surgery for
patients with diabetes mellitus type 2 treated with glucagon-like
peptide-1 receptor agonists undergoing fast-track hip or knee
arthroplasty (N = 28).

Patients, n

Mobilisation il
Pain 9
Anaemia 4
Other medical complications: DVT 1
Surgical complications 3

DVT = deep vein thrombosis.

Discussion

In this detailed study on perioperative use of GLP1-RAs in patients with T2D undergoing fast-track hip and knee
arthroplasty, we found no cases of pulmonary aspiration or prolonged hospitalisation potentially related to
GLP1-RA-associated delayed gastric emptying. Median LOS was one day, which is less than previously reported
in patients with DM undergoing hip and knee arthroplasty in the same multicentre setup [1]. Most patients had
taken GLP1-RAs before surgery in accordance with their usual administration plan, suggesting that most patients

had their usual GLP1-RA exposure at the time anaesthesia was induced.

A scoping review summarising current evidence on GLP1-RAs in the perioperative setting argues that drug
clearance (requiring 4-5 half-lives) could compromise glycaemic control. Nevertheless, pre-inventory conditions
of gastric emptying return after 8-12 weeks of treatment with semaglutides due to tachyphylaxis [4]. However,
poor glycaemic control may delay gastric emptying [12]. In contrast, a recent meta-analysis on gastric emptying
delay in 658 non-surgical patients treated with GLP1-Ras, regardless of indication, only found a short gastric
emptying delay (~ 36 minutes) relative to standard perioperative fasting periods. This was so regardless of
treatment duration and with no significant differences in gastric emptying on modalities that reflected fluid
emptying. Consequently, the authors recommended continued GLP1-RA treatment, a liquid diet one day before
the procedure and standard preoperative fasting in these patients [16]. A newly published systematic review on
the use of GLP1-RAs in surgery suggests that surgeons may leverage GLP1-RAs before surgery, highlighting
improved glycaemic control and preoperative weight loss. It further emphasises potential complications, such as
delayed gastric emptying, and calls for appropriate patient screening and further exploration of complication

rates in this growing patient population [17].

Another recent study included 43,356 T2D patients undergoing upper gastrointestinal endoscopy and found no
significant difference in pulmonary aspiration rates between patients treated with GLP1-RAs and those treated
with sodium-glucose cotransporter-2 inhibitors (SGLT-2i). However, procedure cancellations occurred twice as

often in the GLP1-RA group as in the SGLT-2i group. A potential but speculative reason for this could be the
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presence of food contents in the stomach. However, as highlighted in the discussion, the authors noted that their
findings are limited to endoscopic procedures, emphasising the need for additional data in other procedures

requiring general anaesthesia [18].

Additionally, a surgical study found no increased risk of pulmonary complications in GLP1-RA-treated patients
with T2D (n = 3,502) compared to patients with T2D who were treated with other antihyperglycaemic
medications (n = 23,679) [19], further questioning the need for prolonged perioperative GLP1-RA pausation [10].
However, this was a retrospective claims-based study with patients undergoing 13 different types of surgeries
and without data on pre- and peri-operative GLP1-RA use and fasting times. In contrast, our procedure-specific
study provides reassuring data on minimal aspiration risk even during propofol sedation with spontaneous

respiration in elective major joint arthroplasty.

Our study does carry some limitations. Firstly, we lack precise data on the last day of administration for the long-
acting GLP1-RAs and information on the duration of GLP1-RA use before surgery. Thus, we were unable to
provide insights on tachyphylaxis. Nor did we register the exact fasting time, which may have exceeded the
minimum recommendation of six hours for solids. Furthermore, GLP-1 RAs differ, and we lack information on
the specific types and doses of GLP1-RAs. However, > 99% of all GLP1-RA prescription sales in Denmark from
2012 to 2023 were long-acting GLP1-RAs, with the most common types being semaglutide (85.9% of sales) and
liraglutide (12.7% of sales). These drugs have half-lives (T%2) of 165 hours and 12-13 hours, respectively. The
effect on gastric emptying is primarily observed with the short-acting GLP1-RAs with a T% of 2.4-3.0 hours since
substantial tachyphylaxis develops in treatment with the long-acting GLP1-RAs [2], potentially influencing our
results. We also only included patients with DM2 treated with GLP1-Ras. Therefore we cannot say anything about
aspiration risk in patients treated with GLP1-RA for weight loss only.

Secondly, the non-randomised nature of our study can provide information only on the lack of association and
not direct lack of causation with GLP1-RA treatment. However, due to the rarity of aspirations, a randomised
clinical trial on this subject may not be feasible. In this context, a retrospective analysis estimated the incidence
of perioperative pulmonary aspiration to be one in 7,103 [20]. Thus, the rarity of perioperative pulmonary
aspiration is an important limitation in our cohort of 426 patients, of whom 81 received no sedation, leaving only
345 in actual risk of perioperative pulmonary aspiration. Furthermore, we do not know if some patients were
cancelled on the day of surgery due to the potential risk of aspiration, which is a potential selection bias in the
study population. Finally, as our registration of aspiration was based on the notes from the electronic health
records, any lack of recording of aspiration would result in missing outcomes. However, the entire health record
was reviewed, including the intraoperative notes from the anaesthesia records, minimising the risk of
overlooking aspiration events. As pulmonary aspiration is a critical event with potential treatment-related
consequences and a high priority and focus on prevention among anaesthesia providers, we believe that the risk
of non-recorded events is minimal. The strengths of our study include being the first detailed, procedure-
specific, fast-track study with prospective recording on perioperative GLP1-RA management and 100% follow-up

through medical records rather than diagnostic codes.

Conclusion

The arguments for prolonged withholding of GLP1-RAs due to the risk of perioperative aspiration should be
reconsidered and weighted against compromising glucose control. Our results indicate no increased risk of
pulmonary aspiration during GLP-RA treatment. They also suggest that it may be safe to continue GLP1-RA
treatment until the day of surgery in patients with T2D undergoing hip and knee arthroplasty with and without

sedation in a fast-track setup.

Open Access under Creative Commons License CC BY-NC-ND 4.0 8/10



DANISH MEDICAL JOURNAL

Correspondence Luma Mahmoud Issa. E-mail: luma.mahmoud.issa@ regionh.dk
Accepted 28 January 2025

Published 9 April 2025

Conflicts of interest Potential conflicts of interest have been declared. Disclosure forms provided by the authors are

available with the article at ugeskriftet.dk/dmj

References can be found with the article at ugeskriftet.dk/dmj
Cite this as Dan Med J 2025;72(5):A09240629

doi 10.61409/A09240629

Open Access under Creative Commons License CC BY-NC-ND 4.0

REFERENCES

1. Ortved M, Petersen PB, Jgrgensen CC et al. Postoperative morbidity and mortality in diabetic patients after fast-track hip
and knee arthroplasty: a prospective follow-up cohort of 36,762 procedures. Anesth Analg. 2021;133(1):115-22.
https://doi.org/10.1213/ANE.0000000000005248

2. Nauck MA, Quast DR, Wefers J, Meier JJ. GLP-1 receptor agonists in the treatment of type 2 diabetes - state-of-the-art. Mol
Metab. 2021;46:101102. https://doi.org/10.1016/j.molmet.2020.101102

3. Crowley K, Scanaill PO, Hermanides J, Buggy DJ. Current practice in the perioperative management of patients with diabetes
mellitus: a narrative review. Br J Anaesth. 2023;131(2):242-52. https://doi.org/10.1016/j.bja.2023.02.039

4, van Zuylen ML, Siegelaar SE, Plummer MP et al. Perioperative management of long-acting glucagon-like peptide-1 (GLP-1)
receptor agonists: concerns for delayed gastric emptying and pulmonary aspiration. Br J Anaesth. 2024;132(4):644-8.
https://doi.org/10.1016/j.bja.2024.01.001

5. Warner MA. Diabetic patients, assessment of preoperative gastric contents, and potential reduction of risk of pulmonary
aspiration. Anesthesiology. 2024;140(4):639-41. https://doi.org/10.1097/aln.0000000000004878

6. Silveira SQ, da Silva LM, Abib AdCV et al. Relationship between perioperative semaglutide use and residual gastric content: a
retrospective analysis of patients undergoing elective upper endoscopy. J Clin Anesth. 2023;87:111091.
https://doi.org/10.1016/j.jclinane.2023.111091

7. Kobori T, Onishi Y, Yoshida Y et al. Association of glucagon-like peptide-1 receptor agonist treatment with gastric residue in
an esophagogastroduodenoscopy. J Diabetes Investig. 2023;14(6):767-73. https://doi.org/10.1111/jdi.14005

8. Klein SR, Hobai IA. Semaglutide, delayed gastric emptying, and intraoperative pulmonary aspiration: a case report. Can J
Anaesth. 2023;70(8):1394-6. https://doi.org/10.1007/s12630-023-02440-3

9. Fujino E, Cobb KW, Schoenherr J et al. Anesthesia considerations for a patient on semaglutide and delayed gastric emptying.
Cureus. 2023;15(7):e42153. https://doi.org/10.7759/cureus.42153

10. American Society of Anesthesiologists consensus-based guidance on preoperative management of patients (adults and

children) on glucagon-like peptide-1 (GLP-1) receptor agonists. American Society of Anesthesiologists, 2023.

i -on- ive (Mar 2025)

11. Centre for Perioperative Care. Guideline for perioperative care for people with diabetes mellitus undergoing elective and
emergency surgery. Centre for Perioperative Care, 2021. https://cpoc.org.uk/sites/cpoc/files/documents/2021-03/CPOC-
Diabetes-Guideline2021_0.pdf (Mar 2025)

12. Joshi GP. Anesthetic considerations in adult patients on glucagon-like peptide-1 receptor agonists: gastrointestinal focus.
Anesth Analg. 2024;138(1):216-20. https://doi.org/10.1213/ANE.0000000000006810

13. Danish Society of Anaesthesia and Intensive Care. Holdningspapir vedrgrende GLP-1 (semaglutid). Handtering af patienter i

behandling med GLP-1 agonister. Danish Society of Anaesthesia and Intensive Care, 2024.

Open Access under Creative Commons License CC BY-NC-ND 4.0 9/10


https://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.asahq.org/about-asa/newsroom/news-releases/2023/06/american-society-of-anesthesiologists-consensus-based-guidance-on-preoperative
https://cpoc.org.uk/sites/cpoc/files/documents/2021-03/CPOC-Diabetes-Guideline2021_0.pdf
https://dasaim.dk/guides/holdningspapir-vedroerende-glp-1/

DANISH MEDICAL JOURNAL

14.

15.

16.

17.

18.

19.

20.

Kindel TL, Wang AY, Wadhwa A et al. Multisociety clinical practice guidance for the safe use of glucagon-like peptide-1
receptor agonists in the perioperative period. Surg Obes Relat Dis. 2024;20(12):1183-6.
https://doi.org/10.1016/j.soard.2024.08.033

Issa LM, Kehlet H, Madsbad S et al. Protocol for a prospective multicentre cohort study to address the question whether
diabetes and its management is still a risk factor in fast-track joint arthroplasty. BMJ Open. 2024;14(4):e080232.
https://doi.org/10.1136/bmjopen-2023-080232

Hiramoto B, McCarty TR, Lodhia NA et al. Quantified metrics of gastric emptying delay by glucagon-like peptide-1 agonists: a
systematic review and meta-analysis with insights for periprocedural management. Am J Gastroenterol. 2024;119(6):1126-
40. https://doi.org/10.14309/ajg.0000000000002820

lhnat JMH, De Baun H, Carrillo G et al. A systematic review of the use of GLP-1 receptor agonists in surgery. Am J Surg.
2024;240:116119. https://doi.org/10.1016/j.amjsurg.2024.116119

Alkabbani W, Suissa K, Gu KD et al. Glucagon-like peptide-1 receptor agonists before upper gastrointestinal endoscopy and
risk of pulmonary aspiration or discontinuation of procedure: cohort study. BMJ. 2024;387:e080340.
https://doi.org/10.1136/bmj-2024-080340

Dixit AA, Bateman BT, Hawn MT et al. Preoperative GLP-1 receptor agonist use and risk of postoperative respiratory
complications. JAMA. 2024;331(19):1672-3. https://doi.org/10.1001/jama.2024.5003

Sakai T, Planinsic RM, Quinlan JJ et al. The incidence and outcome of perioperative pulmonary aspiration in a university
hospital: a 4-year retrospective analysis. Anesth Analg. 2006;103(4):941-7.
https://doi.org/10.1213/01.ane.0000237296.57941.e7

Open Access under Creative Commons License CC BY-NC-ND 4.0 10/10



	Perioperative GLP1-RA management and risk of aspiration in patients with diabetes undergoing fast-track hip and knee arthroplasty
	ABSTRACT
	Methods
	Results
	Discussion
	Conclusion
	REFERENCES

