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Abstract
Background  Hospital hyperglycemia, whether or not diabetes has been previously diagnosed, increases the risk 
of postoperative complications, particularly infections, prolonged hospital stay, and in-hospital mortality. Ensuring 
adequate glycemic control during the perioperative period helps reduce these risks and improve surgical outcomes.

Methods  This guideline was developed by the Department of Acute Complications and Inpatient Glycemic 
Control of the Brazilian Diabetes Society (SBD), in collaboration with representatives from the Brazilian Society of 
Anesthesiology (SBA), the Brazilian Association for the Study of Obesity and Metabolic Syndrome (ABESO), and 
the SBD Scientific Committee. Key clinical questions guided a narrative review of the literature using MEDLINE via 
PubMed, including evidence from randomized clinical trials (RCTs), meta-analyses, and high-quality observational 
studies.
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Introduction
Hospital hyperglycemia, regardless of prior diagnosis 
of diabetes mellitus, is associated with an increased risk 
of complications in surgical patients. Individuals with 
hyperglycemia tend to experience longer hospital stays, 
a higher incidence of nosocomial infections, particularly 
surgical site infections, and increased in-hospital mortal-
ity. These risks are especially pronounced among patients 
without a prior diagnosis of diabetes [1–3].

Proper perioperative glycemic control has been asso-
ciated with reduced rates of these complications and 
improved clinical outcomes during hospitalization 
(Table 1) [4–7].

For outpatients or for patients with an expected hospi-
tal stay of less than 48 h, the recommendations from the 
chapter “Management of antidiabetic therapy in T2DM” 
[8] should be followed. Particular attention should be 
given to decisions regarding whether to continue or with-
hold medications, as outlined below.

In contrast, for patients with a projected hospital stay 
longer than 48  h, those undergoing emergency surgery, 
or those presenting with active infections, it is recom-
mended to follow the specific protocols for critically and 
non-critically ill patients, as established by the guidelines 
of the Brazilian Diabetes Society (SBD). [9]

This review brought together the three societies to 
align recommended practices across specialties, thereby 
strengthening communication among patients, surgical 
teams, clinicians, endocrinologists, and anesthesiolo-
gists. It is intended for all professionals involved in peri-
operative care and represents the first jointly developed 
Brazilian guideline on this topic.

Methodology
This review updates the 2025 Brazilian Diabetes Soci-
ety (SBD) guideline. A steering committee approved the 
methodology, identified key clinical questions, and con-
ducted a narrative review using MEDLINE.

In brief, the SBD appointed a central committee of 
experts responsible for overseeing the methodologi-
cal process, reviewing the manuscript, and assigning 
the level of evidence and strength of recommendations. 
The Department of Acute Complications and Inpatient 
Glycemic Control of the SBD coordinated the effort in 
collaboration with members of the SBD Scientific Com-
mittee and representatives from the Brazilian Society of 
Anesthesiology (SBA) and the Brazilian Association for 
the Study of Obesity and Metabolic Syndrome (ABESO).

Key clinical questions were identified, and a narrative 
review was conducted using the MEDLINE database via 
PubMed. The best available evidence was considered, 
including randomized clinical trials (RCTs), meta-anal-
yses, and high-quality observational studies related to 
perioperative glucose control.

Level of evidence
Three levels of evidence were considered:

 	• A—Data from more than one RCT or from meta-
analyses of RCTs with low heterogeneity (I2< 25%).

 	• B—Data from meta-analyses with high heterogeneity 
(I2≥ 25%), a single RCT, prespecified subgroup 
analysis, large observational studies, or meta-
analyses of observational studies.

 	• C—Data from small or nonrandomized studies, 
exploratory analyses, clinical practice guidelines, or 
expert consensus statements.

Degree of recommendation
Each recommendation was submitted for voting by 
members of the Department of Acute Complications and 
Inpatient Glycemic Control and the central committee. 
The level of agreement determined the strength of the 
recommendation, as follows:

 	• I—IS RECOMMENDED: > 90% agreement among 
panel members;

 	• IIa—SHOULD BE CONSIDERED: 70–90% 
agreement;

 	• IIb—MAY BE CONSIDERED: 50–70% agreement; 
and

Results and conclusions  The expert group produced 19 recommendations and 20 key notes addressing screening, 
glycemic targets, management of oral and injectable agents, insulin strategies, and prevention of perioperative 
complications. Based on the best available evidence, this joint statement provides practical and effective guidance for 
managing perioperative hyperglycemia across different levels of healthcare.

Table 1  Goals of preoperative blood glucose assessment and 
diabetes management [1–3, 5, 7]
● Detect previously undiagnosed cases of diabetes mellitus;
● Optimize glycemic control in patients with known but poorly con-
trolled diabetes;
● Assess the risk of perioperative complications related to 
hyperglycemia;
● Adjust antidiabetic medications and insulin dosing in the surgical 
setting;
● Maintain adequate glycemic control and ensure appropriate periop-
erative nutritional intake;
● Prevent postoperative complications;
● Plan the safe and effective transition of care from hospital to outpa-
tient follow-up
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 	• III—IS NOT RECOMMENDED: < 50% agreement or 
majority against.

Recommendations

R1: Preoperative screening for diabetes mellitus using fasting blood glucose level and 

glycated hemoglobin (HbA1c) in patients undergoing elective surgical procedures with 

indication for surgical risk assessment is RECOMMENDED.

I B

Summary of evidence

 	• Abdelmalak et al. reported that approximately 10% 
of patients undergoing non-cardiac surgery had 
previously undiagnosed diabetes. These individuals 
presented with significantly higher preoperative 
glucose levels than those with known diagnosis. [10]

 	• Similarly, Lauruschkat et al. found that undiagnosed 
diabetes in patients undergoing cardiac surgery 
was associated with worse postoperative outcomes, 
including higher rates of reintubation, prolonged 
mechanical ventilation, and increased in-hospital 
mortality. [11]

 	• Panayi et al., analyzing 502,478 individuals in the 
American College of Surgeons National Surgical 
Quality Improvement Program database (ACS-
NSQIP, 2021–2022) with recorded HbA1c results, 
identified a 5% prevalence of undiagnosed diabetes. 
This condition was independently associated with 
increased postoperative complications (8.9%). [12]

 	• In Brazil, a significant proportion of individuals 
with diabetes remain undiagnosed. Therefore, 
screening with fasting plasma glucose and HbA1c 
is recommended for patients without a known 
diagnosis, especially those aged ≥ 35 years or with the 
following risk factors for type 2 diabetes, including: 
[13]

 	• First-degree family history of diabetes;
 	• History of cardiovascular disease;
 	• Hypertension;
 	• HDL-cholesterol < 35 mg/dL;
 	• Triglycerides > 250 mg/dL;
 	• Polycystic ovary syndrome;
 	• Acanthosis nigricans;
 	• Sedentary lifestyle;
 	• Prior history of prediabetes;

 	• History of gestational diabetes or macrosomic 
birth;

 	• High or very high FINDRISC score;
 	• Classic symptoms of hyperglycemia.

 	• Miller et al. emphasized that the preoperative 
assessment represents an important opportunity 
to detect previously unrecognized diabetes 
and optimize glycemic control in patients with 
known diabetes, including screening for chronic 
complications. [14]

Important note 1: Glycated hemoglobin (HbA1c)
● HbA1c testing is useful both for diagnosing diabetes and for evaluat-
ing prior glycemic control. It should not delay surgical clearance but 
does help stratify perioperative risk. Abnormal HbA1c values indicate a 
higher likelihood of hospital hyperglycemia and justify closer monitor-
ing during the perioperative period. [13]
● In patients without a prior diabetes diagnosis, HbA1c levels between 
5.7% and 6.4% warrant a 75 g oral glucose tolerance test (OGTT), with 
plasma glucose measured 1 or 2 h post-ingestion, as recommended by 
the Brazilian Diabetes Society guideline for the diagnosis of diabetes 
mellitus
● HbA1c may be measured either before or after the preoperative 
evaluation; however, abnormal values should prompt individualized 
perioperative planning and more vigilant glucose monitoring. [13, 15]

R2: Optimizing preoperative glycemic control in patients with a known diagnosis of 

diabetes is RECOMMENDED. An HbA1c level below 8% is considered desirable.

I B

Summary of evidence
Association between HbA1c and postoperative mortality.

Van den Boom et al., analyzing 431,480 surgical pro-
cedures from the Duke University Health System, dem-
onstrated a strong association between preoperative 
HbA1c, mean postoperative capillary glucose during the 
first 3 days, and 30-day mortality. These findings rein-
force the prognostic value of glycemic control in the peri-
operative setting [2].

Impact of HbA1c on cardiac surgery outcomes.

 	• Halkos et al., in a prospective cohort of 3,089 
patients undergoing elective coronary artery bypass 
grafting (CABG), reported that higher preoperative 
HbA1c values were associated with increased risks 
of in-hospital mortality (odds ratio [OR] = 1.40; 
p = 0.02), myocardial infarction (OR = 1.55; p = 0.05), 
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and deep sternal wound infection (OR = 1.38; 
p = 0.03). Notably, HbA1c level > 8.6% was linked to a 
four-fold increase in mortality. [16]

 	• By contrast, Tsuruta et al., studying 306 Japanese 
patients with diabetes undergoing cardiac 
procedures, did not find a significant association 
between HbA1c and long-term mortality or 
complications such as mediastinitis, acute renal 
failure, or arrhythmias. Patients were stratified 
into < 6.5%, 6.5–7.5%, and ≥ 7.5% groups, and 
outcomes were similar across categories. [17]

 	• Subramaniam et al. showed that HbA1c ≥ 6.5% 
predicted a higher incidence of adverse in-hospital 
outcomes (including in-hospital mortality, acute 
myocardial infarction, reoperation, sternal wound 
infection, cardiac tamponade, pneumonia, stroke, 
and renal failure) in 1,461 patients undergoing 
CABG (OR = 1.5; 95% CI, 1.1–2.3; p = 0.02). [18]

 	• In a Swedish cohort of 764 patients with type 1 
diabetes (T1DM) undergoing elective CABG, 
Nyström et al. found that HbA1c > 10.0% more than 
doubled the risk of major adverse cardiovascular 
events compared to HbA1c ≤ 7.0% (HR = 2.25; 95% 
CI, 1.29–3.94). Each 1% increase in HbA1c raised 
risk by 18% (HR = 1.18; 95% CI, 1.06–1.32). After a 
median follow-up of 4.7 years, 44% of participants 
died or had major adverse cardiovascular events 
(MACE: myocardial infarction, stroke, heart failure, 
or repeat revascularization). [19]

Impact of HbA1c on non-cardiac surgery.

 	• Underwood et al. reported that HbA1c > 8% was 
associated with longer hospital stays in patients 
undergoing non-cardiac surgeries at Brigham and 
Women’s Hospital between 2005 and 2010. They 
suggested that improving glycemic control prior to 
surgery may enhance postoperative outcomes. [20]

 	• Seisa et al., in a systematic review of 44 
nonrandomized studies involving 127,791 patients, 
found that HbA1c < 7% was associated with shorter 
length of stay (-0.5 days), lower postoperative 
glucose levels (-46.5 mg/dL), and reduced incidence 
of infections (-46%) and neurologic (-49%) 
complications. However, there was also a higher rate 
of reoperations (+ 40%), and the quality of evidence 
was rated as low or very low. [21]

HbA1c thresholds and postponement of surgery.

 	• Sethuraman et al. noted that there is no consensus 
regarding the optimal HbA1c threshold for safe 
surgery. While HbA1c ≤ 7% may be preferred for 
high-risk procedures (e.g., spine, joints, cardiac), 
levels up to 8% may be acceptable for most surgeries. 
[22]

 	• Panayi et al. reported a nonlinear association 
between HbA1c and postoperative complications in 
the ACS-NSQIP cohort. The complication rates were 
9.5% for HbA1c 6.0–6.9% and increased to 14.5% for 
HbA1c > 9%. The lowest risk was observed among 
patients with HbA1c between 7 and 8%. [12]

 	• Simha et al. recommend postponing elective 
procedures when HbA1c > 8%, when feasible, to 
allow optimization of glycemic control. In cases of 
severe hyperglycemia (glucose > 250 mg/dL), they 
advise delaying surgery regardless of the presence of 
metabolic decompensation [1].

Clinical perspective
While evidence-based thresholds help guide decision-
making, perioperative glycemic management must 
always be individualized. Elderly patients and those with 
multiple comorbidities may be particularly vulnerable to 
hypoglycemia, which may pose greater harm than mod-
erate hyperglycemia. Clinical judgment remains essential 
to balance safety, feasibility, and metabolic stability for 
each patient.While evidence-based thresholds help guide 
decision-making, perioperative glycemic management 
must always be individualized. Elderly patients and those 
with multiple comorbidities may be particularly vulner-
able to hypoglycemia, which may pose greater harm than 
moderate hyperglycemia. Clinical judgment remains 
essential to balance safety, feasibility, and metabolic sta-
bility for each patient.
Important note 2: When HbA1c is out of the target range
● For patients with a known diabetes, referral to an endocrinologist is 
recommended when:
○ HbA1c > 8%, indicating suboptimal control, or
○ HbA1c < 6% in patients treated with insulin or insulin secretagogues 
(sulfonylureas and meglitinides/glinides), due to increased risk of 
hypoglycemia
● In these situations, elective procedures may be postponed to allow 
reassessment of glycemic patterns and therapeutic adjustment, reduc-
ing perioperative risk
● For time-sensitive procedures—those ideally performed within 
1–6 weeks (e.g., oncologic surgeries, neurosurgical decompression, 
coronary bypass, gynecologic hemorrhage, or limb-threatening 
fractures)— endocrinology evaluation is strongly advised even 
HbA1c > 8%. [1]
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Important note 3: Surgical timing and assessment of ketonemia in 
elective surgical procedures
● Elective procedures should ideally be scheduled early in the day to 
minimize fasting duration
● Blood glucose should be measured on the day of surgery. If levels 
are > 250 mg/dL, consider postponing the surgical procedure until 
adequate glycemic control is achieved. Adjustments may be made up 
to 4 h before the scheduled procedure time
● In patients with type 1 diabetes (T1DM) or those using basal insulin, 
capillary ketone testing (preferably capillary β-hydroxybutyrate) is 
recommended in the following scenarios: [23, 24]
○ Presence of metabolic acidosis on blood gas analysis;
○ Clinical suspicion of diabetic ketoacidosis (DKA), such as nausea, 
vomiting, tachypnea, dehydration, or abdominal pain;
○ Omission of any dose of basal insulin dose;
○ Use of sodium-glucose cotransporter-2 inhibitors (SGLT2i)
■ Note: DKA may occur with only mild hyperglycemia or even normo-
glycemia, especially in patients using SGLT2i, in those with reduced oral 
intake, during pregnancy, or with renal impairment. This condition is 
known as euglycemic diabetic ketoacidosis (EDKA) and can also affect 
individuals who do not use insulin in high-risk scenarios
● Reference values for capillary ketonemia: [23, 24]
○ Normal: < 0.6 mmol/L
○ Probable DKA: > 3 mmol/L
○ Intermediate values suggest increasing risk and require immediate 
intervention with hydration, insulin infusion, and, if needed, caloric and 
potassium supplementation (see corresponding chapters on DKA and 
EDKA)

Important note 4: Non-elective surgical procedures
● For urgent or emergency procedures—when postponement is not 
feasible—early involvement of an endocrinologist is recommended to 
ensure appropriate acute glycemic management
● In emergency situations, where it is not possible to assess clinical 
symptoms (as described in Important Note 3), and information about 
diabetes or insulin use is unavailable, capillary ketonemia testing is 
advisable. If capillary ketones are not available, urine ketone testing 
should be performed in patients with blood glucose levels > 200 mg/dL 
to help identify and promptly treat diabetic ketoacidosis (DKA). [23, 24]
● In cases of severe hyperglycemia (typically > 600 mg/dL), the possi-
bility of hyperosmolar hyperglycemic state (HHS) should be considered, 
and immediate treatment initiated due to its high morbidity and 
mortality

R3: Adjusting antidiabetic medications and insulin doses in the perioperative period to 

achieve HbA1c below 8% without causing episodes of hypoglycemia is 

RECOMMENDED.

I B

Summary of evidence

 	• Multiple reviews, clinical studies, and retrospective 
analyses have consistently demonstrated that 
perioperative glycemic control significantly 
influences surgical outcomes. Failure to adjust 
antidiabetic therapy appropriately is linked to higher 
rates of postoperative complications. Accordingly, 
tailoring antidiabetic treatment—whether oral 

medications, non-insulin injectables, or insulin—is 
essential to ensure safe and effective glycemic targets 
during the perioperative period. [2, 20, 22, 25, 26]

 	• Specific recommendations on continuation or 
temporary discontinuation of individual drug classes 
are discussed in detail in the subsequent sections of 
this guideline.

R4: Discontinuing insulin secretagogues (sulfonylureas and meglitinides/glinides) 24 

hours before surgical procedures is RECOMMENDED.

I C

Summary of evidence

 	• A literature review identified a high risk 
of hypoglycemia in patients using insulin 
secretagogues—such as sulfonylureas and 
meglitinides—with up to 70% of individuals with 
diabetes experiencing at least one hypoglycemic 
episode while taking these medications. Because 
they stimulate insulin release regardless of food 
intake, these agents pose a particular risk during 
perioperative fasting. [25]

 	• Although rarely prescribed today, chlorpropamide 
has a particularly long half-life. For patients who are 
still taking this medication, discontinuation 48–72 h 
before surgery is recommended. Such cases warrant 
preoperative evaluation by an endocrinologist to 
determine the safest alternative treatment strategy.

R5: Continuing metformin until the day before surgery and resuming it postoperatively 

SHOULD BE CONSIDERED, based on individual clinical status and absence of surgical 

complications.

IIa B

Summary of evidence

 	• Bano et al. analyzed a cohort of 1,800 patients 
undergoing coronary artery bypass grafting (CABG) 
to assess the safety of continuing metformin until 
the night before surgery. In the final analysis, 
postoperative lactate levels were similar across 
patients who continued metformin, patients with 
diabetes not using metformin, and those without 
diabetes. [27]

 	• A Cochrane meta-analysis including 347 prospective 
and cohort studies (70,490 patient-years in the 
metformin group and 55,451 patient-years in 
the non‐metformin group) found no significant 
difference in the incidence of lactic acidosis between 
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metformin users (4.3 cases per 100,000 patient-years) 
and non-users (5.4 per 100,000). However, these data 
do not specifically refer to perioperative use. [28]

 	• Nazer et al., in a case–control study, also found 
no association between continued metformin use 
before CABG and lactic acidosis. Interestingly, non-
metformin users had higher mean peak lactate levels. 
[29]

 	• In a randomized controlled trial of patients with 
T2DM undergoing non-cardiac surgery, Hulst et al. 
found that perioperative continuation of metformin 
did not increase lactate levels to clinically meaningful 
levels, even during preoperative fasting. [30]

Clinical interpretation
Collectively, these findings suggest that metformin can 
be safely continued until the day before surgery in most 
patients. However, its postoperative reintroduction 
should be guided by the patient’s hemodynamic stabil-
ity, renal function, and the absence of surgical compli-
cations that could predispose to tissue hypoxia or renal 
impairment.

R6: Discontinuing sodium-glucose cotransporter-2 inhibitors (SGLT2i) three to four 

days before high-complexity major surgical procedures or scheduled invasive 

procedures involving reduced caloric intake in patients with diabetes is 

RECOMMENDED to reduce the risk of euglycemic diabetic ketoacidosis (EDKA). In all 

other cases, continuation should be evaluated on an individual basis, according to risk–

benefit assessment.

I B

Summary of evidence
Risk of EDKA and impact of SGLT2i discontinuation
In a retrospective analysis of 36,505 admissions, Singh et 
al. compared patients with T2DM who continued SGLT2i 
during hospitalization (n = 5,936) with those who discon-
tinued them (n = 30,569). After adjustment for confound-
ers (severity, age, sex, body mass index, ethnicity, insulin 
use, and surgical procedures), continuation was associ-
ated with 45% lower in-hospital mortality (RR = 0.55; 95% 
CI, 0.42–0.73; p < 0.01), without an increase in acute kid-
ney injury, and with a modest reduction in length of stay 
[31]. However, perioperative use may increase the risk of 
EDKA, a potentially life-threatening complication [32].

Role of dietary restriction in EDKA
Thiruvenkatarajan et al., in a systematic review, identified 
reduced carbohydrate intake as a major contributor to 
perioperative EDKA. They recommend close monitoring 

and ketone testing whenever suggestive symptoms occur, 
particularly when caloric intake is reduced, even if glu-
cose levels are normal [33].

Preoperative discontinuation of SGLT2i and 
incidence of EDKA

 	• A multicenter retrospective cohort including 1,307 
patients reported eight cases of EDKA, five occurring 
during emergency surgery. In contrast, when SGLT2i 
were discontinued at least three days before elective 
surgery, the incidence of EDKA was very low. [34]

 	• Seki et al., in a systematic review of 99 published 
cases of perioperative ketoacidosis associated with 
SGLT2i use, found no episodes when the medication 
was discontinued at least 3 days before surgery. The 
main risk factors included prolonged fasting, surgical 
stress, and fluid mismanagement. Bariatric and 
cardiac surgeries were the most commonly involved. 
The findings support the 2020 FDA´s guidance, 
which recommends discontinuing 3–4 days before 
surgical procedures, although further research is still 
needed. [35]

Severity and resolution of DKA associated with 
SGLT2i
Umapathysivam et al., in a retrospective cohort study, 
found that SGLT2i-associated DKA (SGLT2i-DKA) had a 
significantly longer time to resolution compared to DKA 
in patients with T1DM. The median time to resolution 
of acidosis was 36  h (IQR: 24–72) in the SGLT2i-DKA 
groups versus 18  h (IQR: 12–27) for the T1DM-DKA 
group (p < 0.01). The delay was attributed to the lower 
total insulin dose administered in the first 24 h (median: 
44 vs. 87 units; p = 0.01). The relative euglycemia 
observed in SGLT2i-DKA may result in undertreatment 
when standard DKA protocols are applied, highlighting 
the need for tailored adjustments in glucose and insulin 
infusions strategies [36].

Postoperative reintroduction of SGLT2i
Reintroduction of SGLT2i may be considered once the 
patient has resumed adequate oral intake and other risk 
factors for ketoacidosis—such as infection, hemody-
namic instability, or reduced insulin administration—
have been resolved [37].
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Important note 5: Emergency surgical procedures in patients 
using SGLT2i
In emergency surgical procedures, SGLT2 inhibitors should be discon-
tinued immediately, and capillary ketone levels should be monitored 
daily for 3 to 5 days postoperatively, or for as long as the patient 
remains without adequate oral intake. This approach helps detect and 
manage euglycemic diabetic ketoacidosis (EDKA) promptly
For additional guidance, refer to Important Note 3 (ketonemia and 
EDKA monitoring) and to the chapters on Euglycemic diabetic ketoacido-
sis and Hospital hyperglycemia in noncritical patients. [9, 23]

R7: Preparing patients using GLP-1 agonists and GIP/GLP-1 coagonists before 

procedures involving sedation or general anesthesia is RECOMMENDED, due to the 

increased risk of residual gastric content. A liquid diet for the 24 hours preceding the 

procedure and fasting for 8 to 12 hours are recommended, with possible anticipation 

on a case-by-case basis.

I C

Summary of evidence
Impact of diet and preoperative preparation

 	• Maselli et al. evaluated 57 patients receiving 
semaglutide, liraglutide, dulaglutide or tirzepatide 
who underwent endoscopic sleeve gastroplasty 
without discontinuing their medications. All patients 
followed a standardized preparation protocol 
consisting of 24 h without solid foods and 12 h 
nothing by mouth (nil per os, NPO) before the 
procedure. No residual gastric content was detected 
during endoscopy, suggesting that this preparation 
strategy may be a safe alternative to reduce aspiration 
risk. [38]

 	• Ghazanfar et al., in a retrospective analysis of 
306 patients receiving GLP-1 receptor agonists 
(GLP-1 RA) undergoing upper GI endoscopy or 
esophagogastroduodenoscopy (EGD) from 2019 to 
2023, compared a clear liquid diet (G1, 41.2%) with a 
regular diet (G2, 58.8%). Most patients (85.6%) were 
using GLP-1 RA for diabetes, and 10.1% reported 
gastrointestinal symptoms beforehand. The incidence 
of gastric residual content (GRC) was 1.5% in G1 
versus 10% in G2 (p = 0.03). Among those with prior 
digestive symptoms, 13% had GRC, all in the regular-
diet group. No procedure-related complications 
occurred. [39]

 	• A large systematic review and meta-analysis by 
Baig et al., including 23 observational studies 
(262,018 patients), found that GLP-1 RA use was 
associated with higher odds of GRC (OR = 4.54; 95% 

CI, 3.30–6.24; p < 0.01) and premature termination 
of endoscopy procedures (OR = 4.54; 95% CI, 
3.05–6.75; p < 0.01). However, there was no increase 
in aspiration pneumonia. Performing EGD and 
colonoscopy on the same day was associated with 
a lower risk of GRC (OR = 0.28; 95% CI, 0.22–0.36; 
p < 0.01), likely due to the preceding liquid-diet bowel 
preparation. [40]

R8: Performing gastric point-of-care ultrasound (POCUS) is RECOMMENDED 

whenever available, as it is a good predictor of gastric residue, increasing the safety 

of procedures for patients using GLP-1 receptor agonists and GIP/GLP-1 coagonists.

I C

Summary of evidence

 	• Kruisselbrink et al., in a controlled study of 40 
healthy volunteers, evaluated the accuracy of 
gastric point-of-care ultrasound (POCUS) after 
participants underwent an 8-h fast and were then 
randomized to receive a standard liquid meal, a solid 
meal, or remain fasted. Each volunteer completed 
two sessions at least 24 h apart, resulting in 80 
total study sessions. POCUS was performed by a 
blinded sonographer using a standardized protocol. 
The method demonstrated excellent diagnostic 
performance, with a sensitivity of 100% (95% CI, 
92.5–100%), specificity of 97.5% (95% CI, 95–100%), 
positive predictive value of 97.6% (95% CI, 87.8–
100%), and negative predictive value of 100% (95% 
CI, 92–100%) [41].

Nersessian et al., in a prospective study, assessed gas-
tric ultrasound findings in 107 patients who had taken 
semaglutide within the previous 10  days and 113 con-
trol subjects with no recent exposure. Participants were 
monitored for 2–3 h to evaluate the presence of signifi-
cant GRC, defined as solid contents or > 1.5  mL/kg of 
liquid. GRC was observed in 40% of semaglutide users 
compared with 3% of controls (p < 0.01). In weighted 
multivariate analysis, semaglutide use (OR 36.97; 95% CI 
16.54–99.32; p < 0.01), male sex (OR 2.28; 95% CI 1.29–
4.06; p < 0.01), and younger age (OR 0.95 per year; 95% CI 
0.93–0.98; p < 0.01) were independently associated with 
increased GRC. No cases of pulmonary aspiration were 
reported [42].
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Important note 6: Assessment of gastric residue before the 
procedure
Gastric point-of-care ultrasound (POCUS) is a safe, noninvasive bedside 
tool that can be used to evaluate gastric residual volume (GRV) before 
procedures. It is particularly useful in patients receiving GLP-1 receptor 
agonists or GIP/GLP-1 coagonists, and in individuals at increased risk of 
gastroparesis. [41–43]
Identifying gastric residual content (GRC) on POCUS can directly inform 
perioperative decision-making, including whether to:
● Proceed with the planned procedure,
● Delay or reschedule it, or
● Perform gastric aspiration before anesthesia induction
These decisions depend on the urgency of the intervention, the 
volume and type of gastric contents identified, and the patient’s overall 
aspiration risk

R9: Continuing the usual dose and dosing interval of GLP-1 receptor agonists and 

GIP/GLP-1 coagonists is RECOMMENDED in patients on a stable regimen for more 

than 12 weeks and without risk factors for pulmonary aspiration (bronchoaspiration).

I C

Summary of evidence

 	• Singh et al., in a meta-analysis of 23 observational 
studies including 77,152 endoscopic procedures 
(4,449 GLP-1 RA users), found that GLP-1 RA use 
was associated with significantly higher rates of 
GRC (OR 15.39; 95% CI 4.65–50.99; p < 0.01) and 
aborted procedures due to gastric residue (OR 13.86; 
95% CI 4.42–43.43; p < 0.01). Despite these findings, 
no significant increase in pulmonary aspiration 
was observed (OR 21.06; 95% CI 0.13–3,379.01; 
p = 0.24), indicating that while gastric retention is 
more frequent, aspiration events remain rare. GLP-1 
RA use did not adversely affect bowel preparation 
quality for colonoscopy (OR 0.94; 95% CI 0.67–1.31; 
p = 0.83). [44]

 	• Facciorusso et al. performed a meta-analysis of 13 
observational studies (84,065 patients) assessing 
GRC, aborted endoscopic procedures, and adverse 
outcomes in GLP-1 RA users. GLP-1 RA therapy 
was associated with a higher risk of GRC (OR 5.56; 
95% CI, 3.35–9.23; I2= 72%), which persisted even 
after adjustment for sex, age, BMI, diabetes, and 
concomitant therapies (adjusted OR 4.20; 95% CI, 
3.42–5.15; I2 = 0%). The association was stronger in 
patients with diabetes (OR 2.60; 95% CI, 2.23–3.02; 
I2 = 24%), suggesting an interaction between diabetes 
and delayed gastric emptying. GLP-1 RA users also 
had higher rates of aborted procedures (OR 5.13; 
95% CI, 3.01–8.75; I2 = 0%) and repeat endoscopies 
(OR 2.19; 95% CI, 1.43–3.35; I2 = 0%). Despite these 
findings, no significant difference in pulmonary 

aspiration was observed (OR 1.75; 95% CI, 0.64–4.77; 
I2 = 61%). Subgroup analyses showed that the risk 
of GRC remained elevated regardless of fasting 
duration (≥ 12 h, OR 5.47; < 12 h, OR 4.07) with no 
significant heterogeneity. [45]

 	• Chen et al., analyzing 366,476 surgical procedures 
(2020–2022) before ASA’s one-week discontinuation 
guidance, identified 5,931 GLP-1 RA users (1.6%). 
After adjustment for demographics, comorbidities, 
and procedural urgency, GLP-1 RA use was not 
associated with increased postoperative pneumonia 
(OR 0.78; 95% CI, 0.57–1.06; p = 0.12) or acute 
respiratory failure (OR 0.89; p = 0.57). Five sensitivity 
analyses confirmed these findings. [46]

 	• Aschen et al. evaluated 74,425 surgical procedures 
in 21,772 patients, of whom 20,253 were GLP-1 RA 
users. GLP-1 RA therapy was associated with lower 
risk of wound dehiscence and hematoma, without 
increased rates of infection or bleeding. [47]

 	• Klonoff et al., in a retrospective study of 13,361 
adults (2,256 GLP-1 RA users; 11,405 nonusers), 
found that GLP-1 RA users had lower perioperative 
complication rates, less delayed gastric emptying, 
and reduced need for antiemetic medications. 
No differences were observed in paralytic ileus, 
pulmonary aspiration, pneumonitis, hypoglycemia, 
or 30-day mortality. [48]

Important note 7: Risk factors for gastroparesis
● Although the use of GLP-1 receptor agonists and GIP/GLP-1 coago-
nists may increase the likelihood of gastric retention—and potentially 
the risk of pulmonary aspiration—observational studies have not 
demonstrated a definitive causal relationship. Several additional factors 
are known to increase the likelihood of gastroparesis, including poor 
glycemic control (with risk rising proportionally to HbA1c) and estab-
lished diabetic gastroparesis, particularly in individuals with more than 
eight years of diabetes duration. [49, 50]
● Other risk factors include:
● Use of GLP-1 receptor agonists or GIP/GLP-1 coagonists 
for <12 weeks before the procedure. [51]
● Pre-existing gastroparesis or other gastrointestinal disorders [52]
● Diabetes, especially when accompanied by complications or obesity 
[52, 53]
● History of pulmonary aspiration or neuromuscular conditions that 
impair gastric motility [54]
● Presence of gastrointestinal symptoms such as nausea, bloating, 
early satiety, or abdominal distension [55, 56]
● Use of medications that impair gastric motility, including: [57]
○ Chronic opioids
○ Tricyclic antidepressants
○ Anticholinergic agents
○ Proton pump inhibitors (PPIs)
○ Calcium channel blockers
○ Prokinetics (when initiated prior to GLP-1 receptor agonists therapy)
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R10: Discontinuing GLP-1 receptor agonists and GIP/GLP-1 coagonists for seven 

days (for long-acting agonists) or one day (for short-acting agonists) is 

RECOMMENDED for patients with risk factors for pulmonary aspiration, those 

undergoing dose escalation, or those who have not achieved therapeutic stability for 

at least 12 weeks.

I C

Summary of evidence

 	• Phan et al. evaluated 815 GLP-1 RA users 
undergoing upper endoscopy. Significant gastric 
retention was observed in 8.7% of patients, and 93% 
of these cases occurred in individuals with diabetes. 
After the ASA recommendation to discontinue 
long-acting GLP-1 RA 7 days before the procedure, 
the prevalence of gastric retention decreased from 
12.7% to 4.4%. However, this reduction did not 
translate into a significant decrease in the need for 
orotracheal intubation due to gastric residue (28% 
vs. 18%). In multivariate analysis, the risk of gastric 
retention increased proportionally to blood glucose 
level, rising 36% for each 1% increase in HbA1c, 
independent of medication type or withdrawal 
duration. [49]

 	• Santos et al., in a retrospective study of 1,094 
patients undergoing upper endoscopy under 
sedation or general anesthesia, compared 123 
semaglutide users with 971 non-users. GRC was 
significantly more frequent in semaglutide users 
(20.3% vs. 3.2%; p < 0.01). The strongest predictor 
of gastric retention was the presence of digestive 
symptoms (e.g., nausea, vomiting, dyspepsia), 
with an OR = 15.1 (95% CI, 9.85–23.45; p < 0.01). 
Discontinuation of semaglutide for fewer than 
8 days was associated with an OR = 10.0 (95% 
CI, 6.67–15.65; p < 0.01), and for 8–14 days with 
OR = 4.59 (95% CI, 2.91–7.37; p < 0.01). Only patients 
who discontinued semaglutide for > 14 days and 
reported no gastrointestinal symptoms showed no 
increased risk. These findings suggest that the risk 
of GRC may persist despite drug withdrawal of up 
to 14 days, and that persistent GI symptoms may 
remain an independent risk factor until the end of 
approximately three half-lives of the medication. [55]

Important note 8: Time required to discontinue GLP-1 receptor 
agonists and GIP/GLP-1 coagonists
When discontinuation of GLP-1 receptor agonists (GLP-1 RA) or GIP/
GLP-1 coagonists is indicated, it is important to note that no universally 
established safe withdrawal period exists. Protocols vary among profes-
sional societies, and observational studies suggest that gastric retention 
may persist even after extended periods of drug discontinuation, 
especially when gastrointestinal symptoms are ongoing
The risk of gastroparesis and potential pulmonary aspiration may 
remain elevated for up to three drug half-lives, even in the absence 
of recent administration, although no clear increase in documented 
pulmonary aspiration events or aspiration pneumonia has been dem-
onstrated. Prolonged discontinuation, however, may worsen glycemic 
control or lead to weight regain. Notably, poor glycemic control itself is 
a known risk factor for gastric retention and other perioperative compli-
cations. [42, 55, 56, 58]
Based on available evidence, the following discontinuation intervals are 
recommended:
Withdrawals intervals
● Long-acting agents (GLP-1 RA or GIP/GLP-1 coagonists): withhold for 
7 days before the procedure
● Short-acting agents: withhold for one day before the procedure
These measures should be combined with:
● A 24-h liquid diet prior to the procedure,
● 8–12 h of fasting, and
● Preoperative gastric POCUS, when available, to assess residual gastric 
contents
Classification of agents
Short-acting GLP-1 receptor agonists:
● Lixisenatide
● Liraglutide
Long-acting agonists (GLP-1 RA or GIP/GLP-1 coagonists):
● Dulaglutide
● Semaglutide (oral or subcutaneous)
● Tirzepatide
Attention—Fixed-dose insulin and GLP-1 combinations:
Fixed-dose combinations containing insulin and GLP-1 RA should be 
managed according to the properties of the GLP-1 component:
● Glargine + Lixisenatide
● Degludec + Liraglutide
The insulin component does not mitigate the gastric-emptying effects 
of the GLP-1 RA 
Attention—Colonoscopy preparation considerations:
If bowel preparation is inadequate and gastric retention is suspected, 
a withdrawal period corresponding to three drug half-lives may be 
considered. If GRC persists, withholding for up to five half-lives may be 
necessary. However, available data suggest that gastroparesis, rather 
than colonic inertia, is more commonly responsible for inadequate 
bowel preparation in GLP-1 RA users. [59–62]
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Important note 9: Similarity between GLP-1 receptor agonists and 
GIP/GLP-1 coagonists in gastric emptying
Although GIP/GLP-1 coagonists (such as tirzepatide) have dual 
hormonal activity, current data indicate that their effects on gastric 
emptying and on the development of tachyphylaxis are similar to those 
observed with long-acting GLP-1 receptor agonists (e.g., semaglutide 
and dulaglutide). [63]
Observational studies and meta-analyses have shown no significant 
difference in the incidence of gastroparesis or residual gastric content 
when comparing long-acting GLP-1 receptor agonists and GIP/GLP-1 
coagonists. [40, 44, 45, 49]
These findings suggest that perioperative management strategies 
related to gastric emptying may be applied similarly across both drug 
classes

Important note 10: Preoperative management of patients using 
GLP-1 receptor agonists and GIP/GLP-1 coagonists undergoing 
sedation or anesthesia
For patients with T2DM for require discontinuation of GLP-1 receptor 
agonists or GIP/GLP-1 coagonists for longer than one day (short-acting 
agents) or seven days (long-acting agents), it is important to recognize 
that hyperglycemia is associated with worse clinical outcomes—includ-
ing delayed gastric emptying. Therefore, the attending physician should 
be involved early in the preoperative period to evaluate the need for 
adjustments in antidiabetic therapy, following the recommendations in 
this chapter and in the guideline Management of antidiabetic therapy in 
T2DM. [8]
This collaborative approach helps maintain glycemic stability, mitigate 
perioperative risks, and prevent deterioration of glycemic control dur-
ing drug withdrawal

To summarize the recommendations and procedures 
for patients receiving GLP-1 receptor agonists or GIP/
GLP-1 coagonists, we provide a flowchart below (Fig. 1):

R11: Continuing dipeptidyl peptidase 4 inhibitors (DPP-4i) during the perioperative 

period is RECOMMENDED.

I A

Summary of evidence
Safety and efficacy of perioperative use of DPP-4 inhibitors

 	• Vellanki et al., in a randomized clinical trial of 250 
surgical patients, compared linagliptin with a basal-
bolus insulin regimen. Among individuals with mild 
to moderate hyperglycemia (blood glucose < 200 mg/
dL), both groups achieved similar glycemic control, 
but the linagliptin group experienced 86% fewer 
hypoglycemic episodes. [64]

 	• Umpierrez et al. evaluated 90 non-critically ill 
inpatients with good baseline glycemic control, 
randomized to one of three arms: sitagliptin alone, 
sitagliptin plus basal insulin, or basal bolus insulin 
regimen. All groups achieved similar glycemic 
outcomes, with lower insulin requirements and 
comparable hypoglycemia rates in the sitagliptin-
containing regimens. [65]

 	• Pasquel et al., in a multicenter randomized trial with 
277 medical and surgical patients with blood glucose 
levels between 140–400 mg/dL, found that sitagliptin 
plus basal insulin was non-inferior to a basal–bolus 
insulin regimen in glycemic control and safety. [66]

 	• Pérez-Belmonte et al. conducted two retrospective 
studies using propensity score matching to compare 
DPP-4 inhibitors combined with basal insulin versus 
basal–bolus insulin in surgical patients. In the first 
study (227 matched pairs), linagliptin plus basal 
insulin resulted in glycemic and clinical outcomes 
comparable to basal–bolus insulin [67]. In the second 
study (120 matched pairs) including patients with 
blood glucose levels < 240mg/dL and no previous 
injectable therapies, the linagliptin + basal insulin 
group required less insulin and experienced fewer 
hypoglycemic episodes, with similar glycemic control 
to basal–bolus regimen. [68]

Exception
Use of saxagliptin should be avoided, especially in 
patients with or at risk for heart failure, due to its asso-
ciation with increased hospitalization for heart failure in 
the SAVOR-TIMI 53 trial [69].

Use of DPP-4 inhibitors to prevent hyperglycemia 
in patients without diabetes
Cardona et al., in a randomized clinical trial in 60 patients 
without diabetes undergoing CABG, evaluated sitagliptin 
for prevention of stress hyperglycemia. There were no 
significant differences between sitagliptin and placebo 
in mean blood glucose levels, incidence of stress hyper-
glycemia, length of stay, or perioperative complications 
(reintubation, acute kidney injury, atrial fibrillation). 
These findings do not support the routine prophylac-
tic use of DPP-4 inhibitors to prevent hyperglycemia in 
patients without diabetes [70].

R12: Outpatient continuation of thiazolidinediones (e.g., pioglitazone) during the 

perioperative period for elective non-cardiac surgical procedures MAY BE 

CONSIDERED.

IIb C

Summary of evidence

 	• Preiser et al., in a literature review, suggested that 
thiazolidinediones (TZDs) may be continued on 
the day of an elective procedure, provided that the 
patient is hemodynamically stable and a prolonged 
hospital stay is not anticipated. [71]

 	• However, TZDs are associated with fluid retention 
and may precipitate cardiac decompensation 
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in susceptible individuals. This adverse effect is 
dose-dependent and cumulative, and its impact 
may persist for days to weeks even after drug 
discontinuation. [72]

 	• The expert panel emphasizes caution when 
prescribing TZDs in the perioperative setting, 
especially in patients with known or suspected heart 
failure, consistent with the recommendations in 
the chapter Management of antidiabetic therapy in 
T2DM. [8]

 	• If hospitalization is required, glucose-lowering 
therapy should follow the guidance outlined in the 
chapters on Screening and management of hospital 
hyperglycemia in non-critical patients. [9]

R13: Continuing the usual dose of long-acting basal insulin SHOULD BE 

CONSIDERED in patients with type 1 diabetes, latent autoimmune diabetes in adults 

(LADA), or those fasting and using up to 50% of their total daily insulin dose (TDD) as 

basal insulin, and who demonstrate glycemic stability on CGM. In all other cases, a 

dose reduction of 20% to 30% starting the night before the procedure and maintained 

throughout the fasting period is recommended. For patients using ultra-long-acting 

insulin, the reduction should begin 72 hours before the procedure.

IIA B

Summary of evidence:

 	• Demma et al. demonstrated that administering 75% 
of the usual basal insulin dose starting the night 
before surgery improved perioperative glycemic 
control in patients with T2DM. [26]

 	• Hulst et al., in a retrospective cross-sectional study 
of 2,259 surgical patients (10% with T1DM, 90% 
with T2DM), applied a standardized protocol that 
included discontinuation of oral antidiabetic agents 
and a 25% reduction in basal insulin the night before 
surgery. They found that patients with T1DM had 
significantly worse glycemic control, with higher 
rates of hyperglycemia (blood glucose ≥ 180 mg/
dL; 63% vs. 43%; p < 0.01) and hypoglycemia (7.1% 
vs. 1.3%; p < 0.01). T1DM patients also exhibited 
greater glycemic variability and higher HbA1c levels 
before and after surgery. These findings suggest that 
a uniform perioperative insulin protocol for both 
T1DM and T2DM is inadequate, given the inherently 
greater risk of both hyper- and hypoglycemia in 
individuals with T1DM. [73]

 	• The expert panel recommends larger dose reductions 
in patients using high basal insulin proportions 

Fig. 1  Procedures for patients receiving GLP-1 receptor agonists or GIP/GLP-1 coagonists undergoing sedation or general anesthesia:
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(> 60% of TDD or > 0.6 units/kg/day), with reductions 
of up to 50% when appropriate.

 	• For patients using ultra-long-acting basal insulins 
(e.g. glargine U300, degludec), dose adjustments 
should begin 48 to 72 h before surgery, due to their 
prolonged pharmacokinetics profiles. [74]

Important note 11: Basal insulin in patients with T1DM, LADA, and 
those who have undergone pancreatectomy
● Patients with absolute insulin deficiency—including those with 
type 1 diabetes mellitus (T1DM), latent autoimmune diabetes in 
adults (LADA), or individuals who have undergone total pancreatec-
tomy—should receive close endocrinology follow-up throughout the 
perioperative period
● These patients must never have basal insulin omitted, except when 
receiving: continuous intravenous insulin infusion, or a fully functional 
subcutaneous insulin pump
● Complete omission of basal insulin may rapidly precipitate diabetic 
ketoacidosis (DKA)
● As long as the patient is consuming at least 50% of their usual caloric 
intake, the basal–bolus insulin regimen should be maintained
● When complete fasting, basal–bolus regimen should be transitioned 
to a basal-plus approach, consisting of: continued basal insulin, and 
correctional bolus doses of short-, rapid- or ultra-rapid-acting insulin as 
needed, based on capillary blood glucose levels [75]
● If more than 24 h of basal insulin are missed, capillary ketone testing 
is recommended. If unavailable, urine ketones should be checked to 
assess the risk of DKA

Summary of evidence

 	• This recommendation reflects pharmacokinetic 
differences among insulin formulations and 
established clinical practice patterns, particularly in 
settings where intermediate-acting insulin (NPH) 
is widely used. In many NPH-based regimens, the 
basal–bolus distribution is frequently unbalanced, 
with a disproportionately high basal component—
often administered in the morning—covering not 
only fasting but also postprandial periods. Although 
most supporting evidence comes from studies 
involving long-acting insulins, adjusting the morning 
NPH dose on the day of surgery is considered 
safe—especially for patients who typically receive 
approximately two-thirds of their total daily dose in 
the morning. [26, 74]

 	• In Brazil, many patients on NPH receive a large 
proportion of their total daily insulin dose in the 
morning. For these individuals, a 50% reduction 
of the morning dose is considered safe and may 
help minimize the risk of hypoglycemia during 
perioperative fasting.

 	• For patients already using a NPH-based basal-
bolus insulin regimen, maintaining NPH may be 
reasonable, with proportional dose adjustments (e.g., 
50% of each component) and administration of NPH 
in three equal doses throughout the day. [76, 77]

R15: In patients using fixed prandial insulin plus correctional insulin, it is 

RECOMMENDED to suspend the fixed prandial dose and maintain only correctional 

insulin during the fasting period.

I C

Summary of evidence

 	• Fixed prandial insulin doses—whether short-, 
rapid-, or ultra-rapid-acting—are designed to 
cover carbohydrate intake and therefore should 
not be administered when the patient is fasting. 
During fasting associated with surgical procedures, 
administering scheduled prandial doses increases the 
risk of hypoglycemia. [26, 74]

 	• Patients on a basal-bolus insulin regimen should 
transition to a basal-plus approach during fasting 
or periods of dietary interruption. This consists of 
continuation of basal insulin, use of correctional 
insulin only for hyperglycemia, and no scheduled 
prandial doses until oral intakes resumes. [9, 77, 78]

 	• Further guidance on insulin therapy and dose 
adjustments can be found in the chapter on Hospital 
hyperglycemia in noncritical patients. [9]

Summary of recommendations for management of 
antidiabetic medications
Below, we provide a table summarizing recommenda-
tions 4 to 15 (Table 2):

R16: Moderate glycemic control, with target blood glucose levels between 100 and 180 

mg/dL, is RECOMMENDED in order to prevent hypoglycemia (blood glucose<70 

mg/dL).

I A
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Table 2  Preoperative management of antidiabetic medications for elective surgical procedures
Medication Approach
Biguanide (Metformin) Hold on the day of the procedure

Thiazolidinedione (Pioglitazone) May be continued for non-cardiac elective outpatient surgical procedure

GLP-1 receptor agonists
Short duration: Lixisenatide and 
Liraglutide
Long duration: Dulaglutide and 
Semaglutide

1. Liquid diet 24 h prior to procedure, and 8–12 h of fasting (with possible reduction in fasting period);
2. Gastric point-of-care ultrasound (POCUS) to assess gastric residue before inducing anesthesia whenever avail-
able; (Important note 10)
3. Discontinuation of medication for seven days (long-acting agonists) or one day (short-acting agonists) for 
patients with risk factors for pulmonary aspiration, in dose scaling or who have had dose instability in the last 
12 weeks. (Important note 8)

GIP/GLP-1 coagonists
Long duration: Tirzepatide

1. Liquid diet 24 h prior to procedure, and 8–12 h of fasting (with possible reduction in fasting period);
2. Gastric point-of-care ultrasound (POCUS) to assess gastric residue before inducing anesthesia whenever avail-
able; (Important note 10)
3. Discontinuation of medication for seven days for patients with risk factors for pulmonary aspiration, in dose 
scaling or who have had dose instability in the last 12 weeks. (Important note 8)

DPP-4 inhibitor
(Alogliptin, Sitagliptin, Linagliptin, 
Evogliptin, Vildagliptin, and 
Saxagliptin)

Continuation is recommended. Saxagliptin should be avoided, particularly in patients with or at risk for heart 
failure, due to increased risk of hospitalization

SGLT-2 inhibitor
(Canagliflozin, Dapagliflozin, 
Empagliflozin)

Discontinue three to four days before the procedure in cases with caloric intake restriction or major surgical 
procedures for patients with diabetes. Continue in all other cases

Alpha-glucosidase inhibitor 
(Acarbose)

Discontinue on the day of procedure

Sulfonylurea
(Glibenclamide, Glimepiride, Glicla-
zide, and Chlorpropamide)

Discontinue 24 h before the procedure

Meglitinide/Glinide
(Repaglinide)

Discontinue on the day of the procedure

Prandial insulin (short-, rapid-, or 
ultra-rapid-acting insulin)
(Regular insulin and analogues: 
Aspart, Lispro, Glulisine, and Aspart 
with niacinamide)

● Discontinue prandial bolus during fasting period
○ Use only to correct hyperglycemia

Basal insulin (intermediate-acting 
insulin/NPH)

• Reduce morning dose by 50% for patients:
● Using > 50% of total daily insulin (TDI) as NPH;
● Using ≥  2/3 of the TDI in the morning
• In basal–bolus regimens with proportional doses:
● Maintain NPH with 50% reduction in each dose, administered in three equal daily injections

Basal insulin (long-acting insulin 
analog: Glargine)

Reducing the dose 20%-30% starting the night before the procedure, with the following precaution:
● In patients receiving a high proportion of basal insulin (> 50% of total daily insulin), consider reducing the 
dose by up to 50%
● In patients on a basal–bolus regimen with < 50% of total daily insulin as basal, dose reduction may not be 
necessary. In such cases, maintaining the usual basal dose may minimize hyperglycemia and glycemic variability

Basal insulin (ultra-long-acting 
insulin analog: Degludec)

Reducing the dose 20%-30%, starting 72 h before the procedure, with the following precaution:
● In patients receiving a high proportion of basal insulin (> 50% of total daily insulin), consider reducing the 
dose by up to 50%
● In basal–bolus regimens with < 50% of total daily insulin as basal, dose reduction may not be necessary. 
Maintaining the usual basal dose in such cases may help prevent hyperglycemia and glycemic variability

Continuous interstitial glucose 
monitors

May remain in place during the procedure, as long as they are outside the surgical field, even when electrocau-
tery is used. Caution is advised when interpreting readings intraoperatively. Interference and inaccuracy may 
occur; correlate with capillary glucose if needed (Important note 18)

Insulin pumps May be maintained, as long as the team is familiar with the technology
If discontinuing use is required, prescribe effective transition to insulin therapy (basal-bolus, basal with correc-
tion, or continuous intravenous insulin) starting 2 h before pump withdrawal to prevent ketoacidosis, which 
may occur as soon as 90–120 min after discontinuation. (Important note 19)
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Summary of evidence

 	• Umpierrez et al., conducted a randomized controlled 
trial in patients undergoing CABG, using a 
computer-guided algorithm to adjust intravenous 
insulin infusion rates. Among patients without 
known diabetes, targeting tighter glucose levels 
(100–140 mg/dL) did not significantly reduce 
perioperative complications compared with a 
moderate target (141–180 mg/dL). A subgroup 
analysis suggested a potential benefit of tighter 
control specifically in patients without diabetes. [79]

 	• Sathya et al., in a systematic review and meta-
analysis, found that moderate glycemic control was 
associated with lower postoperative mortality and 
stroke, with no additional advantage from more 
intensive control (< 150 mg/dL). [80]

 	• Abdelmalak et al. noted that tighter glycemic targets 
may benefit selected patients —particularly those 
with stress-induced hyperglycemia and no prior 
diabetes diagnosis. However, they emphasized that 
such targets carry a higher risk of hypoglycemia, 
requiring caution application. [81]

 	• Kalra et al. highlighted that postoperative patients 
often have blunted counterregulatory responses 
to hypoglycemia due to sedatives and analgesics, 
increasing the risk of unrecognized intraoperative 
and postoperative hypoglycemia. [82]

 	• Taken together, these data support the 
recommendations presented in the chapter on 
Hyperglycemia in non-critical hospitalized patients, 
which also endorses a target range of 100–180 mg/
dL for most perioperative scenarios. [9]

Important note 12: Risk of severe hypoglycemia under general 
anesthesia
Hypoglycemia may go unrecognized during general anesthesia, 
because the typical warning symptoms are absent or masked. If unrec-
ognized and untreated, hypoglycemia can lead to significant periopera-
tive harm, including irreversible neurological injury. Therefore, rigorous 
intraoperative blood glucose monitoring is essential, particularly in 
patients receiving insulin or other glucose-lowering therapies. [82]

Important note 13: Stricter glycemic targets for individuals with-
out DM
Evidence suggests that stricter glycemic targets (100–140 mg/dL) may 
be considered for hospitalized patients with hyperglycemia without a 
prior diagnosis of diabetes, as this group has been shown to experience 
higher mortality rates compared with patients who have established 
diabetes. [6]
However, because this approach a higher risk of hypoglycemia—
particularly when computerized insulin delivery algorithms are not 
available—a less intensive target range (100–180 mg/dL) is generally 
recommended to prioritize safety. [79, 83]

R17: Intraoperative glycemic control using capillary, venous, or arterial blood glucose 

monitoring every hour is RECOMMENDED for medium and major surgical procedures.

I A

Summary of evidence

 	• During the perioperative period of medium and 
major surgical procedures, hyperglycemia is 
associated with worse clinical outcomes, including 
increased morbidity and mortality as well as 
prolonged hospital stay. [84–86]

 	• Evidence from a wide range of surgical specialties–
including cardiac, thoracic, vascular, orthopedic, 
neurosurgical, and general surgery– demonstrates 
that adequate intraoperative glycemic control 
is associated with improved outcomes, lower 
complication rates, and faster recovery. [4, 83–89]

R18: For hyperglycemic patients undergoing major surgical procedures—particularly 

those admitted to intensive care units—glycemic control using regular intravenous 

insulin during the intraoperative and immediate postoperative periods is 

RECOMMENDED.

I A

Summary of evidence

 	• Intravenous insulin therapy is a safe and 
effective strategy for glycemic control during the 
intraoperative and immediately postoperative 
periods, particularly in critically ill patients [83–89]. 
Randomized controlled trials in both cardiac and 
non-cardiac surgeries have demonstrated that 
appropriate perioperative glycemic control reduces 
complications and improves clinical outcomes. [4, 
83–90]

 	• The landmark trial by Van den Bergh et al. in 
critically ill surgical patients (predominantly post–
CABG), showed that intensive insulin therapy (target 
80–110 mg/dL) with intravenous insulin significantly 
reduced morbidity and mortality compared with 
more permissive control (180–200 mg/dL), in a 
setting characterized by early parenteral nutrition 
and close monitoring. [84]

 	• However, a subsequent multicenter randomized 
clinical trial by the same team, including 9,230 
medical and surgical ICU patients treated with 
computerized insulin algorithms and without early 
parenteral feeding, found no differences in 90-day 
mortality or ICU length of stay. These results suggest 
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that the benefits of intensive control may be highly 
context-dependent. [91]

 	• Consequently, intravenous insulin infusion remains 
the standard perioperative strategy for major surgical 
procedures, but glycemic targets should be more 
moderate (140–180 mg/dL) to prioritize safety and 
reduce hypoglycemia risk. [92]

 	• A 2022 systematic review reinforced that appropriate 
perioperative glycemic control reduces surgical site 
infections and other complications. [90]

 	• Similarly, the NICE-SUGAR trial, which included 
38% surgical ICU patients, showed that strict 
glycemic targets (81–108 mg/dL) were associated 
with higher rates of severe hypoglycemia and 
increased 90-day mortality (27.5% vs. 24.9%; OR 1.14; 
95% CI 1.01–1.29; p = 0.04), supporting the use of 
more permissive targets (140-180 mg/dL). [93, 94]

 	• Because regular insulin has a short half-life (≈5 min), 
continuous intravenous infusion allows rapid and 
precise adjustments, helping maintain glucose 
levels within target range and permitting prompt 
correction of hypoglycemia when needed.

 	• Collectively, these findings support the use of regular 
intravenous insulin during the intra- and immediate 
postoperative periods for major surgery, with 
recommended targets of 100–180 mg/dL to prevent 
hypoglycemia. Infusion rates should be titrated based 
on hourly blood glucose monitoring.

 	• Multiple validated protocols are available in the 
literature, but the safest option is the one that is familiar 
to and consistently applied by the healthcare team.

Important note 14: Intravenous insulin protocols
● Intravenous insulin therapy protocols should include the following 
core components:
● Hourly blood glucose monitoring to guide safe and timely titration
● Real-time adjustment of infusion rates based on current blood 
glucose levels
● A target glucose range of 100–180 mg/dL to minimize the risk of 
hypoglycemia
● Use of a protocol that is familiar to and consistently applied by the 
healthcare team, as adherence is more important than the choice of 
any specific algorithm
Practical considerations:
● In patients with poor peripheral perfusion, venous or arterial samples 
are preferred over capillary glucose due to potential inaccuracy
● Many point-of-care glucose meters often have upper limits (typically 
500–600 mg/dL); when the device displays “HI,” a venous or arterial 
sample should be sent for laboratory confirmation
● There is no single ideal insulin infusion rate. Insulin dosing should 
follow the institutional protocol, with titration aimed at achieving and 
maintaining glucose within target range. Once glycemic stability is 
achieved, the infusion rate should be maintained
● The purpose of continuous intravenous insulin infusion is not merely 
to correct hyperglycemia, but to maintain glycemic homeostasis, 
analogous to how vasopressors or vasodilators are used to stabilize 
hemodynamics

Important note 15: Dilution, preparation, and substitution of 
insulin solution
● Intravenous insulin should be diluted according to the institutional 
standards, with the most commonly used preparation being 100 units 
of regular insulin in 100 mL of 0.9% sodium chloride (NaCl 0.9%)
● After dilution and priming of the infusion tubing, it is recommended 
to discard the first 10% of the solution volume to account for insulin 
adsorption to the tubing material
● The entire infusion system—including the solution bag, tubing, 
and connectors—should be replaced at least every 6 h, as progressive 
insulin adsorption may reduce the effective dose delivered throughout 
infusion

R19: Subcutaneous insulin administration using basal, basal-plus, or basal-bolus 

regimen is RECOMMENDED for hospitalized non-critical hyperglycemic patients 

during the perioperative period.

I A

Summary of evidence

 	• Subcutaneous insulin regimens—whether basal, 
basal-plus, or basal–bolus—are considered the 
gold standard for glycemic control in non-critically 
ill hospitalized patients. Exclusive reliance on 
correctional insulin is discouraged because it is 
associated with poorer glycemic outcomes and 
higher complication rates. Additional guidance on 
dose calculation and indications is provided in the 
chapter on Hospital hyperglycemia in noncritical 
patients. [9]

 	• Umpierrez et al., in two randomized clinical trials 
(including RABBIT-2 Surgery), demonstrated 
that basal-bolus and basal-plus regimens result in 
better perioperative outcomes than correction-only 
strategies (sliding-scale insulin). [7, 95]

 	• In a retrospective analysis of 431,480 surgeries in 
the Duke University Health System, Van den Boom 
et al. found that postoperative capillary glucose 
levels during the first three days were significantly 
associated with 30-day mortality. In non-cardiac 
surgery, mortality increased from 1.0% among 
patients with mean glucose of 100 mg/dL to 1.6% 
among those with mean glucose of 200 mg/dL. In 
cardiac procedures, a U-shaped curve was observed: 
mortality was 4.5% at 100 mg/dL, decreased to 1.5% 
at 140 mg/dL, and rose again to 6.9% at 200 mg/
dL. These findings confirm the risks associated with 
both hypoglycemia and hyperglycemia during the 
perioperative period. [2]

 	• Toyoshima et al., in a retrospective study of 147 
predominantly surgical patients managed with the 
InsulinAPP clinical decision support system, showed 
that individuals with HbA1c > 8.0% benefited from 
a basal-bolus insulin regimen, while those with 
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HbA1c below 8.0% achieved adequate control using a 
simplified prandial-correction regimen consisting of 
three equal doses of prandial insulin combined with 
hyperglycemia correction dose (bolus-correction 
regimen). These findings support the use of 
personalized insulin strategies based on preoperative 
glycemic status. [76]

 	• Collectively, these data confirm that scheduled 
subcutaneous insulin therapy provides better 
glycemic stability and superior clinical outcomes 
compared with correction-only strategies in non-
critical perioperative care.

 

Important note 18: Use of continuous glucose monitors (CGM) 

Use of continuous glucose monitors (CGMs) in patients already familiar with these 

devices can improve patient satisfaction and enhance inpatient glycemic monitoring. 

CGMs help both patients and medical teams identify glycemic patterns and anticipate 

trends through directional arrows.96,97 

In Brazil, no CGM systems are currently approved for inpatient use, limiting their use to 

patients who already employ them at home. Additional information regarding the 

management of these patients is provided in the chapters on critically ill and non-critically 

ill populations.9,98 

Recommendations for hospital use of CGM 

● Hospitals should develop institutional protocols for CGM use, including staff 

training  on its application for inpatient glycemic control. 

● Sensors may remain in place during procedures as long as they are positioned 

outside the surgical field and do not contact the electrocautery plate, 

minimizing the risk of burns or interference. 

● Electrocautery may cause temporary CGM inaccuracy, which can persist for 

up to 24 hours. 

● During and immediately after surgery, and whenever hypoglycemia is 

suspected, CGM values should be confirmed with capillary glucose 

measurements until sensor accuracy is restored. 

Limitations and precautions of CGM use in hospital settings 

● Perez-Guzman et al. reported signal loss and reduced accuracy during CABG, 

likely due to electrocautery interference. Nevertheless, 40% (6/15) of affected 

sensors regained accuracy postoperatively, including in patients on 

vasopressors.99

● Matievich et al. demonstrated that Freestyle Libre sensors maintained  functional 

integrity during X-rays, computed tomography (CT) scans, and magnetic 

resonance imaging (MRI). However, external transmitters may pose safety 

concerns during MRI, and the Brazilian product label recommends removing the 

sensor prior to MRI examinations.100

● Factors that may impair CGM accuracy:101

○ Severe anemia (Hb<7 g/dL)

○ Drug interference (vitamin C, acetaminophen, and acetylsalicylic acid)

○ Hypoglycemia (accuracy decreases at low glucose levels;  confirm with 

capillary glucose). 

○ Calibration requirements (device-specific; clinicians must follow 

manufacturer instructions and seek technical support when needed).

Evidence for inpatient CGM use

● Carlsson et al. evaluated 70 postoperative patients with T1DM and T2DM after 

major surgery. CGM detected frequent hypoglycemia, especially in T1DM and 

more severe cases.102

Important note 16: Subcutaneous basal insulin administration before 

discontinuing intravenous insulin 

● Subcutaneous basal insulin (intermediate- or long-acting) should be 

administered at least 2 hours before discontinuing intravenous insulin infusion. 

This interval is essential for a safe transition from intravenous (IV) to 

subcutaneous therapy. The rationale includes: 

● Intravenous insulin has a very short half-life (approximately 5 

minutes) and its effect dissipates almost immediately once the infusion 

is stopped; 

● Basal insulin has a delayed onset of action, and requires time to reach 

therapeutic levels. 

● This transition is particularly critical in patients with absolute insulin deficiency 

(e.g., type 1 diabetes, pancreatectomy, LADA), because abrupt discontinuation 

of insulin can result in rebound hyperglycemia and precipitate diabetic 

ketoacidosis (DKA). 

 

Important note 17: Prior use of insulin in minor or short surgical procedures 

● For minor and short-duration surgical procedures, patients with a prior insulin 

prescription –whether used at home or during hospitalization– should have blood 

glucose measured at the start of the surgical procedure. 

● If hyperglycemia is detected, correction should be performed using rapid- or 

ultra-rapid–acting insulin, followed by reassessment after 2 hours. If short-

acting (regular) insulin is used, reassessment should occur after 4 hours, 

given its longer duration of action. 

● If hypoglycemia is present, correction must occur before surgery, with blood 

glucose monitoring every 15 minutes until normalization. The surgical procedure 

should begin only when blood glucose level exceeds 100 mg/dL to ensure 

safety. 

● Additional guidance on hyperglycemia correction can be found in the chapter 

Hospital hyperglycemia in noncritical patients, and in Recommendations 21 

through 23.9 
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● Kim et al. reported increased detection of postoperative hypoglycemia in patients 

with T2DM after metabolic surgery, supporting CGM as an enhanced surveillance 

tool.103 

● Spanakis et al. found CGM safe and effective in medical and surgical patients 

(vascular, orthopedic, general, and thoracic surgeries). CGM reduced recurrent 

hypoglycemia and provided glycemic control comparable to capillary POC-guided 

insulin adjustments.104 

● Olsen et al., in a multicenter randomized trial of 166 non-critical inpatients, 

showed that active CGM (with alarms and POC confirmation) resulted in higher 

time in range, fewer hypo- and hyperglycemic events, reduced insulin 

requirements, and lower rates of composite adverse outcomes (ICU transfers, 

complications, 30-day mortality, readmissions, length of stay).105 

Important note 19: Use of subcutaneous insulin pumps and automated systems

● Subcutaneous insulin pumps deliver continuous insulin infusion and may be fully 

manual, partially automated, or fully automated, with options for manual override 

when necessary.106

Perioperative use and surgical considerations:

● Pumps may continue basal infusion while correctional doses are given 

subcutaneously, provided the system remains functional and it set to manual 

mode.

● Endocrinologist involvement is essential, and hospitals should ensure adequate 

staff training to each patient’s care plan.

Approach if the subcutaneous insulin pump must be removed

● If the pump removal is required and no specific instructions are available from the 

treating team, it should be replaced by a basal-bolus insulin regimen, with basal 

insulin administered 2 hours before pump removal, or by continuous IV  insulin 

infusion immediately after removal.

Suggested method for calculating insulin dose for replacement:

● Estimate total daily insulin dose (TDD): based on recent pump usage, 

preferably using the average of basal + bolus insulin over the past 7–14 days.

● Distribute the TDD as follows:

● 50% as basal insulin:

○ Glargine once daily, or

○ NPH divided into three daily doses.

● 50% as bolus insulin:

● Pumps may continue basal infusion while correctional doses are given 

subcutaneously, provided the system remains functional and it set to manual 

mode.

● Endocrinologist involvement is essential, and hospitals should ensure adequate 

staff training to each patient’s care plan.

Approach if the subcutaneous insulin pump must be removed

● If the pump removal is required and no specific instructions are available from the 

treating team, it should be replaced by a basal-bolus insulin regimen, with basal 

insulin administered 2 hours before pump removal, or by continuous IV  insulin 

infusion immediately after removal.

Suggested method for calculating insulin dose for replacement:

● Estimate total daily insulin dose (TDD): based on recent pump usage, 

preferably using the average of basal + bolus insulin over the past 7–14 days.

● Distribute the TDD as follows:

● 50% as basal insulin:

○ Glargine once daily, or

○ NPH divided into three daily doses.

● 50% as bolus insulin:

○ Ultra-rapid-, Rapid- or short-acting (regular) insulin, divided across three 

main meals, or every 4-6 hours for patients on continuous enteral feeding.

● If pump data are unavailable, refer to the chapter Hospital hyperglycemia in 

noncritical patients.9

Important safety note:

● If a subcutaneous insulin pump has been discontinued for more than 2 to 3 hours

without subcutaneous or intravenous basal insulin administration, check capillary 

ketonemia (or ketonuria if ketonemia unavailable). Follow the protocol described 

in Important note 3 to prevent diabetic ketoacidosis.

Important note 20: ERAS protocol and the use of carbohydrate-containing fluids  2 

to 3 hours before surgical procedure to abbreviate fasting in patients with DM

● The Enhanced Recovery After Surgery (ERAS) protocol recommends the 

preoperative administration of carbohydrate-rich fluids 2 to 3 hours before 

surgery to abbreviate fasting and improve postoperative recovery. However, its 

routine use of this strategy in patients with diabetes remains controversial.109

● Limitations of current evidence:
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○ Most studies evaluating preoperative carbohydrate loading exclude 

patients with diabetes, limiting the applicability of their findings.

○ In a systematic review by Ge et al. (2020), five relevant studies were 

identified, and just one was a randomized controlled trial. Overall 

methodological quality was low, with substantial heterogeneity in study 

criteria, precluding meta-analysis. In patients without diabetes, oral 

carbohydrate intake 2-3 hours before surgery appeared to reduce hunger, 

thirst, anxiety, and gastric acid secretion, while decreasing the risk of 

fasting-induced hypoglycemia.110

● Evidence regarding hyperglycemia risk in patients with diabetes

○ Findings on the risk of preoperative hyperglycemia associated with 

carbohydrate loading in patients with diabetes are inconsistent:

○ Gustafsson et al. reported a transient rise in blood glucose levels after 

carbohydrate intake, with return to baseline levels within 180 minutes.110,111

○ Laffin et al. found no significant difference in blood glucose levels between 

intervention and control groups.112

○ Bredfeld et al. applied an insulin protocol alongside carbohydrate intake 

and reported no increase in hypoglycemia, but 45% of patients exhibited 

preoperative hyperglycemia>180 mg/dL.113

● Impact of ERAS protocol on patients with diabetesDM

○ Qin et al. performed a retrospective analysis of 112 patients (57 in the 

ERAS group) and found shorter length of stay and lower hospital costs 

among those managed with ERAS protocols.114

○ Canelli et al. conducted a retrospective study of glycemic variability in 

patients with and without T2DM undergoing gynecological surgery. There 

were no significant differences in glycemic variability between those who 

received preoperative carbohydrate loading and those who did not.115

● Conclusion:

○ Current evidence is insufficient to support the routine use of preoperative 

carbohydrate loading in patients with diabetes. High-quality randomized 

controlled trials including patients with diabetes are needed to determine 

the safety and efficacy of this ERAS component in this population.

undergoing elective surgical procedures with indication for 

surgical risk assessment is RECOMMENDED.

R2: Optimizing preoperative glycemic control for patients with 

prior diagnosis of DM is RECOMMENDED, and a HbA1c level 

below 8% is desirable.

I B

R3: Adjusting antidiabetic medications and insulin doses in the 

perioperative period to achieve HbA1c below 8% without causing 

episodes of hypoglycemia is RECOMMENDED.

I B

R4: Discontinuing insulin secretagogues (sulfonylureas and 

meglitinides/glinides) 24 hours before surgical procedures is 

RECOMMENDED.

I C

R5: Continuing metformin until the day before surgery and 

resuming it postoperatively SHOULD BE CONSIDERED, based 

on individual clinical status and absence of surgical 

complications.

IIA B

R6: Discontinuing sodium-glucose cotransporter-2 inhibitors 

(SGLT2i) three to four days before high-complexity major 

surgical procedures or scheduled invasive procedures involving 

reduced caloric intake in patients with diabetes is 

RECOMMENDED to reduce the risk of euglycemic diabetic 

ketoacidosis (EDKA). In all other cases, continuation should be 

I B

evaluated on an individual basis, according to risk–benefit 

assessment.

R7: Preparing patients using GLP-1 receptor agonists and 

GIP/GLP-1 coagonists before procedures involving sedation or 

general anesthesia is RECOMMENDED, due to the increased 

risk of residual gastric content. A liquid diet for the 24 hours 

preceding the procedure and fasting for 8 to 12 hours are 

recommended, with possible anticipation on a case-by-case 

basis.

I C

R8: Performing gastric point-of-care ultrasound (POCUS) is 

RECOMMENDED whenever available, as it is a good predictor 

of gastric residue, increasing the safety of procedures for 

patients using GLP-1 receptor agonists and GIP/GLP-1 

coagonists.

I C

R9:  Continuing the usual dose and dosing interval of GLP-1 

receptor agonists and GIP/GLP-1 coagonists is 

RECOMMENDED in patients on a stable regimen for more than 

12 weeks and without risk factors for pulmonary aspiration 

(bronchoaspiration).

I C

R10: Discontinuing GLP-1 receptor agonists and GIP/GLP-1 

coagonists for seven days (for long-acting agonists) or one day 

(for short-acting agonists) is RECOMMENDED for patients with 

risk factors for pulmonary aspiration, those undergoing dose 

I C

Table of recommendations

RECOMMENDATIONS Class Level

R1: Preoperative screening for diabetes mellitus using fasting 

blood glucose level and glycated hemoglobin (HbA1c) in patients 

I B
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escalation, or those who have not achieved therapeutic stability 

for at least 12 weeks.

R11: Continuing dipeptidyl peptidase 4 inhibitors (DPP-4i) during 

the perioperative period is RECOMMENDED.

I A

R12: Outpatient continuation of thiazolidinediones (e.g., 

pioglitazone) during the perioperative period for elective non-

cardiac surgical procedures MAY BE CONSIDERED.

IIB C

R13:  Continuing the usual dose of long-acting basal insulin in 

patients with type 1 diabetes, latent autoimmune diabetes in 

adults (LADA), or those fasting and using  up to 50% of their total 

daily insulin dose (TDD) as basal insulin, and who demonstrate 

glycemic stability on CGM, SHOULD BE CONSIDERED. In all 

other cases, a dose reduction of 20% to 30% starting the night 

before the procedure and maintained throughout the fasting 

period is recommended. For patients using ultra-long-acting 

insulin, the reduction should begin 72 hours before the 

procedure.

IIA B

R14: Continuing normal dose of intermediate-acting insulin 

(NPH) on the night prior to a surgical procedure followed by a 

50% reduction in dosage on the morning of the procedure for 

patients using ⅔ of the total daily dose in the morning or more 

than 50% of the total daily dose of insulin as NPH SHOULD BE 

CONSIDERED.

IIA C

R15: In patients using fixed prandial insulin plus correctional 

insulin, it is RECOMMENDED to suspend the fixed prandial dose 

and maintain only correctional insulin during the fasting period.

I C

R16: Moderate glycemic control, with target blood glucose levels 

between 100 and 180 mg/dL, is RECOMMENDED in order to 

prevent hypoglycemia (blood glucose<70 mg/dL).

I A

R17: Intraoperative glycemic control using capillary, venous, or 

arterial blood glucose monitoring every hour is RECOMMENDED 

for medium and major surgical procedures.

I A

R18: For hyperglycemic patients undergoing major surgical 

procedures—particularly those admitted to intensive care units—

glycemic control using regular intravenous insulin during the 

intraoperative and immediate postoperative periods is 

RECOMMENDED.

I A

R19: Subcutaneous insulin administration using basal, basal-

plus, or basal-bolus regimen is RECOMMENDED for 

hospitalized non-critical hyperglycemic patients during the 

perioperative period.

I A

Author contributions
All authors reviewed and discussed all recommendations in the manuscript. 
Recommendations on GLP-1 receptor analogues and GIP/GLP-1 coagonists 
were developed jointly by all authors. ECM was responsible for designing 
the guideline and preparing the main text. LAFN was responsible for 
reviewing and developing recommendations for non-insulin treatments 
RSR assisted in designing the guidelines and suggesting recommendations. 

DM was responsible for the review of treatments involving insulin. ACRF 
was responsible for reviewing the ERAS protocol and other DM-related 
technologies. MTKT was responsible for the general review and proofreading 
of the English translation.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent to publication
Not applicable.

Competing interests
ECM is a Speaker for Bayer, PTC Therapeutics and Mantecorp Farmasa 
laboratories. LAFN is a Speaker for the laboratories: Novo Nordisk, EMS JCSJ is 
a Speaker for Novo Nordisk, Eli Lilly, AstraZeneca laboratories MWL is a Speaker 
for Novo Nordisk, Eli Lilly, Abbott, AstraZeneca laboratories FV is a Speaker for 
Novo Nordisk, Boehringer Ingelheim, Eli Lilly, Abbott, AstraZeneca, Servier, 
EMS, GSK laboratories MB is a speaker for the following laboratories: Novo 
Nordisk, Lilly, Boehringer, Bayer, Aché, AstraZeneca RL has board participation 
and/or is a speaker for the following Labs: Lilly, Boheringer, Novonordisk, 
Mantecorp, Biolab, Ache, MSD, Eurofarma, Astrazeneca.

Author details
1Curitiba Diabetes Center, Curitiba, Brazil
2Endocrinology Service, Hospital Nossa Senhora das Graças, Curitiba, 
Brazil
3Hospital Israelita Albert Einstein, Goiânia, Brazil
4Hospital das Clínicas da Universidade Federal de Goiás, Goiânia, Brazil
5Hospital Israelita Albert Einstein, São Paulo, Brazil
6Agile Healthtech, São Paulo, Brazil
7Endocrinology Service, Universidade Federal do Estado do Rio de 
Janeiro, Rio de Janeiro, Brazil
8Clínica São Vicente, Rede D’Or- São Luiz, Rio de Janeiro, Brazil
9Endocrinology Service, Hospital Santa Izabel da Santa Casa da Bahia, 
Salvador, Brazil
10Endocrine Service, Maternidade Maria Conceição de Jesus, Salvador, 
Brazil
11Endocrine Oncology Unit, Instituto do Câncer do Estado de São Paulo 
Octavio Frias de Oliveira, Hospital das Clínicas da Faculdade de Medicina 
da Universidade de São Paulo, São Paulo, Brazil
12Laboratório de Carboidratos e Radioimunoensaio LIM/18, Divisão 
de Endocrinologia e Metabologia, Hospital das Clinicas, Faculdade de 
Medicina da Universidade de Sao Paulo, São Paulo, Brazil
13Faculdade de Medicina da Bahia, Universidade Federal da Bahia, 
Salvador, Brazil
14Complexo Hospitalar Universitário Professor Edgard Santos, 
Universidade Federal da Bahia, Salvador, Brazil
15Universidade Evangélica de Goias, Goiânia, Brazil
16Hospital das Clínicas da Universidade Federal de Minas Gerais, Belo 
Horizonte, Brazil
17Hospital Felicio Rocho, Belo Horizonte, Brazil
18Disciplina de Endocrinologia, Centro Universitário Faculdade de 
Medicina Do ABC, Santo André, Brazil
19Disciplina de Endocrinologia, Escola Paulista de Medicina - UNIFESP/
EPM, São Paulo, Brazil
20Hospital Israelita Albert Einstein, São Paulo, Brazil
21Sociedade Brasileira de Diabetes (SBD), São Paulo, Brazil
22Cline Research Center-Curitiba, Paraná, Brazil
23Anesthesiology Service, Santa Casa de Misericórdia de Maceió, Maceió, 
Brazil
24Clínica de Anestesiologia de Maceió - CAM, Maceió, Brazil
25Hospital Sirio Libanês, Brasília, Brazil
26Sociedade Brasileira de Anestesiologia, Rio de Janeiro, Brazil
27Programa de Pós-Graduação em Saúde do Adulto, Universidade Federal 
do Maranhão, São Luís, Brazil



Page 20 of 23Marino et al. Diabetology & Metabolic Syndrome           (2026) 18:91 

28Programa de Pós-Graduação em Ciência Cirúrgica Interdisciplinar, 
Universidade Federal de São Paulo, São Paulo, Brazil
29Hospital São Marcelino Champagnat – Pontifícia Universidade Católica 
do Paraná (PUC-PR), Curitiba, Brazil
30Universidade Federal do Estado do Rio de Janeiro, Rio de Janeiro, Rio de 
Janeiro, Brazil
31Universidade Federal da Bahia, Salvador, Brazil
32Hospital e Maternidade Marieta Konder Bornhousen, Itajaí, Brazil
33Hospital Unimed Primavera, Teresina, Brazil
34Américas Medical City, Rio de Janeiro, Brazil
35Grupo de Obesidade, Departamento de Endocrinologia, Hospital das 
Clínicas da Universidade de São Paulo, São Paulo, Brazil
36State Institute of Diabetes and Endocrinology Luiz Capriglione (IEDE-RJ), 
Department of Metabolism, Rio de Janeiro, Brazil
37Coordinator of the Weight Loss Maintenance Department, Institutional 
Consultant and Researcher at the Obesity Hospital, Salvador, Brazil
38Centro de Diabetes e Endocrinologia do Estado da Bahia ( CEDEBA), 
Salvador, Brazil
39Núcleo de Pesquisa Do Hospital da Obesidade, Salvador, Brazil
40Hospital das Clínicas Samuel Libânio, Pouso Alegre, Brazil
41Universida de Federal de Pernambuco, Recife, Brazil
42Faculdade de Medicina da Universidade Federal do Rio Grande do Sul, 
Porto Alegre, Rio Grande do Sul, Brazil
43Serviço de Endocrinologia, Hospital de Clínicas de Porto Alegre, Porto 
Alegre, Rio Grande do Sul, Brazil

Received: 21 August 2025 / Accepted: 9 December 2025

References
1.	 Simha V, Shah P. Perioperative glucose control in patients with diabetes 

undergoing elective surgery. JAMA. 2019;321(4):399–400. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​
0​0​1​​/​j​​a​m​a​.​2​0​1​8​.​2​0​9​2​2.

2.	 van den Boom W, Schroeder RA, Manning MW, Setji TL, Fiestan G-O, Dunson 
DB. Effect of A1C and glucose on postoperative mortality in noncardiac and 
cardiac surgeries. Diabetes Care. 2018;41(4):782–8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​3​3​7​​/​d​​c​
1​7​-​2​2​3​2.

3.	 Kotagal M, Symons RG, Hirsch IB, et al. Perioperative hyperglycemia and risk 
of adverse events among patients with and without diabetes. Ann Surg. 
2015;261(1):97–103. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​7​​/​S​​L​A​.​​0​0​0​​0​0​0​0​​0​0​​0​0​0​0​6​8​8.

4.	 Kwon S, Thompson R, Dellinger P, Yanez D, Farrohki E, Flum D. Importance of 
perioperative glycemic control in general surgery: a report from the Surgical 
Care and Outcomes Assessment Program. Ann Surg. 2013;257(1):8–14. ​h​t​t​p​​s​:​/​​
/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​7​​/​S​​L​A​.​​0​b​0​​1​3​e​3​​1​8​​2​7​b​6​b​b​c.

5.	 Buchleitner AM, Martínez-Alonso M, Hernández M, Solà I, Mauricio D. Periop-
erative glycaemic control for diabetic patients undergoing surgery. Cochrane 
Database Syst Rev. 2012;9:CD007315. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​1​​4​6​5​​1​8​5​​8​.​C​D​​0​
0​​7​3​1​5​.​p​u​b​2.

6.	 Umpierrez GE, Isaacs SD, Bazargan N, You X, Thaler LM, Kitabchi AE. Hyper-
glycemia: an independent marker of in-hospital mortality in patients with 
undiagnosed diabetes. J Clin Endocrinol Metab. 2002;87(3):978–82. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​​1​2​1​0​​/​j​​c​e​m​.​8​7​.​3​.​8​3​4​1.

7.	 Umpierrez GE, Smiley D, Jacobs S, et al. Randomized study of basal-bolus 
insulin therapy in the inpatient management of patients with type 2 
diabetes undergoing general surgery (RABBIT 2 surgery). Diabetes Care. 
2011;34(2):256–61. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​3​3​7​​/​d​​c​1​0​-​1​4​0​7.

8.	 Lyra R, Albuquerque L, Cavalcanti S, Tambascia M, Silva Júnior WS, Bertoluci 
M. Manejo da terapia antidiabética no DM2. In: Diretriz Da Sociedade 
Brasileira de Diabetes. Conectando Pessoas; 2024. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​9​3​2​​7​/​​5​
4​1​2​8​4​8​.​2​0​2​4​-​7

9.	 Marino EC, Momesso D, Toyoshima MTK, et al. Screening and management of 
hospital hyperglycemia in non-critical patients: a position statement from the 
Brazilian Diabetes Society (SBD). Diabetol Metab Syndr. 2025;17(1):54. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​3​0​9​8​-​0​2​5​-​0​1​5​8​5​-​z.

10.	 Abdelmalak B, Abdelmalak JB, Knittel J, et al. The prevalence of undiagnosed 
diabetes in non-cardiac surgery patients, an observational study. Can J 
Anaesth. 2010;57(12):1058–64. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​1​2​6​3​0​-​0​1​0​-​9​3​9​1​-​4.

11.	 Lauruschkat AH, Arnrich B, Albert AA, et al. Prevalence and risks of undi-
agnosed diabetes mellitus in patients undergoing coronary artery bypass 

grafting. Circulation. 2005;112(16):2397–402. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​6​1​​/​C​​I​R​C​​U​L​
A​​T​I​O​N​​A​H​​A​.​1​0​5​.​5​3​4​5​4​5.

12.	 Panayi AC, Knoedler S, Alfertshofer M, et al. The relevance of optimal preop-
erative glycemic control for outcomes of patients with diabetes undergoing 
surgery. Ann Surg. 2025;12:1. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​7​​/​S​​L​A​.​​0​0​0​​0​0​0​0​​0​0​​0​0​0​6​6​6​
4.

13.	 Rodacki M, Zajdenverg L, da Silva Júnior WS, et al. Brazilian guideline for 
screening and diagnosis of type 2 diabetes: a position statement from the 
Brazilian Diabetes Society. Diabetol Metab Syndr. 2025;17(1):78. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​3​0​9​8​-​0​2​4​-​0​1​5​7​2​-​w.

14.	 Miller JD, Richman DC. Preoperative evaluation of patients with diabetes mel-
litus. Anesthesiol Clin. 2016;34(1):155–69. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​a​n​​c​l​i​​n​.​2​0​​1​
5​​.​1​0​.​0​0​8.

15.	 Rodacki M, Cobas RA, Zajdenverg L, et al. Diagnóstico de diabetes mellitus. In: 
Diretriz Da Sociedade Brasileira de Diabetes. Conectando Pessoas; 2024. ​h​t​t​p​​s​
:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​9​3​2​​7​/​​5​4​1​2​8​4​8​.​2​0​2​4​-​1

16.	 Halkos ME, Puskas JD, Lattouf OM, et al. Elevated preoperative hemoglobin 
A1c level is predictive of adverse events after coronary artery bypass surgery. 
J Thorac Cardiovasc Surg. 2008;136(3):631–40. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​t​​c​v​s​​.​
2​0​0​​8​.​​0​2​.​0​9​1.

17.	 Tsuruta R, Miyauchi K, Yamamoto T, et al. Effect of preoperative hemoglobin 
A1c levels on long-term outcomes for diabetic patients after off-pump 
coronary artery bypass grafting. J Cardiol. 2011;57(2):181–6. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​​1​0​1​6​​/​j​​.​j​j​c​c​.​2​0​1​0​.​1​1​.​0​0​3.

18.	 Subramaniam B, Lerner A, Novack V, et al. Increased glycemic variability 
in patients with elevated preoperative HbA1C predicts adverse out-
comes following coronary artery bypass grafting surgery. Anesth Analg. 
2014;118(2):277–87. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​2​1​3​​/​A​​N​E​.​​0​0​0​​0​0​0​0​​0​0​​0​0​0​0​1​0​0.

19.	 Nyström T, Holzmann MJ, Eliasson B, Kuhl J, Sartipy U. Glycemic control in 
type 1 diabetes and long-term risk of cardiovascular events or death after 
coronary artery bypass grafting. J Am Coll Cardiol. 2015;66(5):535–43. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​a​c​c​.​2​0​1​5​.​0​5​.​0​5​4.

20.	 Underwood P, Askari R, Hurwitz S, Chamarthi B, Garg R. Preoperative A1C and 
clinical outcomes in patients with diabetes undergoing major noncardiac 
surgical procedures. Diabetes Care. 2014;37(3):611–6. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​3​3​7​​
/​d​​c​1​3​-​1​9​2​9.

21.	 Seisa MO, Saadi S, Nayfeh T, et al. A systematic review supporting the Endo-
crine Society clinical practice guideline for the management of hypergly-
cemia in adults hospitalized for noncritical illness or undergoing elective 
surgical procedures. J Clin Endocrinol Metab. 2022;107(8):2139–47. ​h​t​t​p​​s​:​/​​/​d​o​
i​​.​o​​r​g​/​​1​0​.​​1​2​1​0​​/​c​​l​i​n​e​m​/​d​g​a​c​2​7​7.

22.	 Sethuraman RM, Parida S, Sethuramachandran A, Selvam P. A1C as a prognos-
ticator of perioperative complications of diabetes: a narrative review. Turk J 
Anaesthesiol Reanim. 2022;50(2):79–85. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​5​1​5​2​​/​T​​J​A​R​.​2​0​2​1​.​8​5​
4.

23.	 Santomauro AT, Santomauro AC, Raduan RA, Bertoluci M. Diagnóstico e trata-
mento da cetoacidose diabética euglicêmica. In: Diretriz Oficial Da Sociedade 
Brasileira de Diabetes. Conectando Pessoas; 2022. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​9​3​2​​7​/​​5​
5​7​7​5​3​.​2​0​2​2​-​2​2

24.	 Santomauro AT, Santomauro Jr AC, Pessanha AB, et al. Diagnóstico e 
tratamento da Cetoacidose Diabética. In: Diretriz Da Sociedade Brasileira de 
Diabetes. Conectando Pessoas; 2023. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​9​3​2​​7​/​​5​2​3​8​9​9​3​.​2​0​2​
3​-​6

25.	 Sreedharan R, Abdelmalak B. Diabetes mellitus: preoperative concerns and 
evaluation. Anesthesiol Clin. 2018;36(4):581–97. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​a​n​​c​l​
i​​n​.​2​0​​1​8​​.​0​7​.​0​0​7.

26.	 Demma LJ, Carlson KT, Duggan EW, Morrow JG, Umpierrez G. Effect of basal 
insulin dosage on blood glucose concentration in ambulatory surgery 
patients with type 2 diabetes. J Clin Anesth. 2017;36:184–8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​
.​​1​0​1​6​​/​j​​.​j​c​​l​i​n​​a​n​e​.​​2​0​​1​6​.​1​0​.​0​0​3.

27.	 Bano T, Mishra SK, Kuchay MS, et al. Continuation of metformin till night 
before surgery and lactate levels in patients undergoing coronary artery 
bypass graft surgery. Indian J Endocrinol Metab. 2019;23(4):416–21. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​​4​1​0​3​​/​i​​j​e​m​.​I​J​E​M​_​1​1​4​_​1​9.

28.	 Salpeter SR, Greyber E, Pasternak GA, Salpeter EE. Risk of fatal and nonfatal 
lactic acidosis with metformin use in type 2 diabetes mellitus. Cochrane 
Database Syst Rev. 2010;2010(4):CD02967. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​1​​4​6​5​​1​8​5​​8​.​
C​D​​0​0​​2​9​6​7​.​p​u​b​4.

29.	 Nazer RI, Alburikan KA. Metformin is not associated with lactic acidosis in 
patients with diabetes undergoing coronary artery bypass graft surgery: a 
case control study. BMC Pharmacol Toxicol. 2017;18(1):38. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​
1​8​6​​/​s​​4​0​3​6​0​-​0​1​7​-​0​1​4​5​-​6.

https://doi.org/10.1001/jama.2018.20922
https://doi.org/10.1001/jama.2018.20922
https://doi.org/10.2337/dc17-2232
https://doi.org/10.2337/dc17-2232
https://doi.org/10.1097/SLA.0000000000000688
https://doi.org/10.1097/SLA.0b013e31827b6bbc
https://doi.org/10.1097/SLA.0b013e31827b6bbc
https://doi.org/10.1002/14651858.CD007315.pub2
https://doi.org/10.1002/14651858.CD007315.pub2
https://doi.org/10.1210/jcem.87.3.8341
https://doi.org/10.1210/jcem.87.3.8341
https://doi.org/10.2337/dc10-1407
https://doi.org/10.29327/5412848.2024-7
https://doi.org/10.29327/5412848.2024-7
https://doi.org/10.1186/s13098-025-01585-z
https://doi.org/10.1186/s13098-025-01585-z
https://doi.org/10.1007/s12630-010-9391-4
https://doi.org/10.1161/CIRCULATIONAHA.105.534545
https://doi.org/10.1161/CIRCULATIONAHA.105.534545
https://doi.org/10.1097/SLA.0000000000006664
https://doi.org/10.1097/SLA.0000000000006664
https://doi.org/10.1186/s13098-024-01572-w
https://doi.org/10.1186/s13098-024-01572-w
https://doi.org/10.1016/j.anclin.2015.10.008
https://doi.org/10.1016/j.anclin.2015.10.008
https://doi.org/10.29327/5412848.2024-1
https://doi.org/10.29327/5412848.2024-1
https://doi.org/10.1016/j.jtcvs.2008.02.091
https://doi.org/10.1016/j.jtcvs.2008.02.091
https://doi.org/10.1016/j.jjcc.2010.11.003
https://doi.org/10.1016/j.jjcc.2010.11.003
https://doi.org/10.1213/ANE.0000000000000100
https://doi.org/10.1016/j.jacc.2015.05.054
https://doi.org/10.1016/j.jacc.2015.05.054
https://doi.org/10.2337/dc13-1929
https://doi.org/10.2337/dc13-1929
https://doi.org/10.1210/clinem/dgac277
https://doi.org/10.1210/clinem/dgac277
https://doi.org/10.5152/TJAR.2021.854
https://doi.org/10.5152/TJAR.2021.854
https://doi.org/10.29327/557753.2022-22
https://doi.org/10.29327/557753.2022-22
https://doi.org/10.29327/5238993.2023-6
https://doi.org/10.29327/5238993.2023-6
https://doi.org/10.1016/j.anclin.2018.07.007
https://doi.org/10.1016/j.anclin.2018.07.007
https://doi.org/10.1016/j.jclinane.2016.10.003
https://doi.org/10.1016/j.jclinane.2016.10.003
https://doi.org/10.4103/ijem.IJEM_114_19
https://doi.org/10.4103/ijem.IJEM_114_19
https://doi.org/10.1002/14651858.CD002967.pub4
https://doi.org/10.1002/14651858.CD002967.pub4
https://doi.org/10.1186/s40360-017-0145-6
https://doi.org/10.1186/s40360-017-0145-6


Page 21 of 23Marino et al. Diabetology & Metabolic Syndrome           (2026) 18:91 

30.	 Hulst AH, Polderman JAW, Ouweneel E, et al. Peri-operative continuation of 
metformin does not improve glycaemic control in patients with type 2 dia-
betes: a randomized controlled trial. Diabetes Obes Metab. 2018;20(3):749–
52. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​d​​o​m​.​1​3​1​1​8.

31.	 Singh LG, Ntelis S, Siddiqui T, Seliger SL, Sorkin JD, Spanakis EK. Association of 
continued use of SGLT2 inhibitors from the ambulatory to inpatient setting 
with hospital outcomes in patients with diabetes: a nationwide cohort study. 
Diabetes Care. 2024;47(6):933–40. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​3​3​7​​/​d​​c​2​3​-​1​1​2​9.

32.	 Handelsman Y, Henry RR, Bloomgarden ZT, et al. American Association of 
Clinical Endocrinologists and American College of Endocrinology position 
statement on the association of SGLT-2 inhibitors and diabetic ketoacidosis. 
Endocr Pract. 2016;22(6):753–62. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​4​1​5​8​​/​E​​P​1​6​1​2​9​2​.​P​S.

33.	 Thiruvenkatarajan V, Meyer EJ, Nanjappa N, Van Wijk RM, Jesudason D. 
Perioperative diabetic ketoacidosis associated with sodium-glucose co-
transporter-2 inhibitors: a systematic review. Br J Anaesth. 2019;123(1):27–36. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​b​j​a​.​2​0​1​9​.​0​3​.​0​2​8.

34.	 Mehta PB, Robinson A, Burkhardt D, Rushakoff RJ. Inpatient perioperative 
euglycemic diabetic ketoacidosis due to sodium-glucose cotransporter-2 
inhibitors - lessons from a case series and strategies to decrease incidence. 
Endocr Pract. 2022;28(9):884–8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​e​p​​r​a​c​​.​2​0​2​​2​.​​0​6​.​0​0​6.

35.	 Seki H, Ideno S, Shiga T, et al. Sodium-glucose cotransporter 2 inhibitor-
associated perioperative ketoacidosis: a systematic review of case reports. J 
Anesth. 2023;37(3):465–73. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​0​0​5​4​0​-​0​2​3​-​0​3​1​7​4​-​8.

36.	 Umapathysivam MM, Morgan B, Inglis JM, et al. SGLT2 inhibitor-associated 
ketoacidosis vs type 1 diabetes-associated ketoacidosis. JAMA Netw Open. 
2024;7(3):e242744. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​1​​/​j​​a​m​a​​n​e​t​​w​o​r​k​​o​p​​e​n​.​2​0​2​4​.​2​7​4​4.

37.	 FDA Says Stop SGLT2 Inhibitors for Diabetes Prior to Surgery. Accessed 
November 12, 2022. ​h​t​t​p​​:​/​/​​w​w​w​.​​m​e​​d​s​c​​a​p​e​​.​c​o​m​​/​v​​i​e​w​a​r​t​i​c​l​e​/​9​2​7​0​4​7

38.	 Maselli DB, Lee D, Bi D, et al. Safe continuation of glucagon-like peptide 1 
receptor agonists at endoscopy: a case series of 57 adults undergoing endo-
scopic sleeve gastroplasty. Obes Surg. 2024;34(7):2369–74. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​
1​0​0​7​​/​s​​1​1​6​9​5​-​0​2​4​-​0​7​2​7​8​-​2.

39.	 Ghazanfar H, Javed N, Qasim A, et al. Is it necessary to stop glucagon-like 
peptide-1 receptor agonists prior to endoscopic procedure? A retrospective 
study. World J Gastroenterol. 2024;30(26):3221–8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​7​4​8​​/​w​​j​g​
.​v​3​0​.​i​2​6​.​3​2​2​1.

40.	 Baig MU, Piazza A, Lahooti A, et al. Glucagon-like peptide-1 receptor agonist 
use and the risk of residual gastric contents and aspiration in patients under-
going GI endoscopy: a systematic review and a meta-analysis. Gastrointest 
Endosc. December 16, 2024. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​g​i​e​.​2​0​2​4​.​1​2​.​0​1​9

41.	 Kruisselbrink R, Gharapetian A, Chaparro LE, et al. Diagnostic accuracy of 
point-of-care gastric ultrasound. Anesth Analg. 2019;128(1):89–95. ​h​t​t​p​​s​:​/​​/​d​o​i​​
.​o​​r​g​/​​1​0​.​​1​2​1​3​​/​A​​N​E​.​​0​0​0​​0​0​0​0​​0​0​​0​0​0​3​3​7​2.

42.	 Nersessian RSF, da Silva LM, Carvalho MAS, et al. Relationship between 
residual gastric content and peri-operative semaglutide use assessed 
by gastric ultrasound: a prospective observational study. Anaesthesia. 
2024;79(12):1317–24. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​a​​n​a​e​.​1​6​4​5​4.

43.	 Alakkad H, Kruisselbrink R, Chin KJ, et al. Point-of-care ultrasound defines 
gastric content and changes the anesthetic management of elective surgical 
patients who have not followed fasting instructions: a prospective case 
series. Can J Anaesth. 2015;62(11):1188–95. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​1​2​6​3​0​-​0​
1​5​-​0​4​4​9​-​1.

44.	 Singh S, Rahman SH, Khan N, et al. Effects of glucagon-like peptide-1 recep-
tor agonists on endoscopy outcomes: systematic review and meta-analysis. 
Gastrointest Endosc. 2025;101(2):343-349.e5. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​g​i​e​.​2​0​2​
4​.​1​0​.​0​1​1.

45.	 Facciorusso A, Ramai D, Dhar J, et al. Effects of Glucagon-Like Peptide-1 
Receptor Agonists on upper gastrointestinal endoscopy: a meta-analysis. Clin 
Gastroenterol Hepatol. 2025;23(5):715-725.e3. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​c​g​h​.​2​
0​2​4​.​0​7​.​0​2​1.

46.	 Chen Y-H, Zink T, Chen Y-W, et al. Postoperative aspiration pneumonia among 
adults using GLP-1 receptor agonists. JAMA Netw Open. 2025;8(3):e250081. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​1​​/​j​​a​m​a​​n​e​t​​w​o​r​k​​o​p​​e​n​.​2​0​2​5​.​0​0​8​1.

47.	 Aschen SZ, Zhang A, O’Connell GM, et al. Association of perioperative 
glucagon-like peptide-1 receptor agonist use and postoperative outcomes. 
Ann Surg. 2024. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​7​​/​S​​L​A​.​​0​0​0​​0​0​0​0​​0​0​​0​0​0​6​6​1​4.

48.	 Klonoff DC, Kim SH, Galindo RJ, et al. Risks of peri- and postoperative com-
plications with glucagon-like peptide-1 receptor agonists. Diabetes Obes 
Metab. 2024;26(8):3128–36. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​d​​o​m​.​1​5​6​3​6.

49.	 Phan J, Chang P, Issa D, et al. Glucagon-like peptide receptor agonists 
use before endoscopy is associated with low retained gastric contents: a 

multicenter cross-sectional analysis. Am J Gastroenterol. 2025;120(3):554–61. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​4​3​0​​9​/​​a​j​g​​.​0​0​​0​0​0​0​​0​0​​0​0​0​0​2​9​6​9.

50.	 Horowitz M, Maddox AF, Wishart JM, Harding PE, Chatterton BE, Shearman 
DJ. Relationships between oesophageal transit and solid and liquid gastric 
emptying in diabetes mellitus. Eur J Nucl Med. 1991;18(4):229–34. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​​1​0​0​7​​/​B​​F​0​0​1​8​6​6​4​5.

51.	 Panchal S, Mahmud N, Atkins JH, et al. Endoscopy and anesthesia outcomes 
associated with glucagon-like peptide-1 receptor agonist use in patients 
undergoing outpatient upper endoscopy. Gastrointest Endosc. 2025. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​g​i​e​.​2​0​2​5​.​0​1​.​0​0​4.

52.	 Lam CY, Lin D-Y, Endlich Y. A case series of incidents reported to webAIRS 
relating to glucagon-like peptide 1 agonist use. Anaesth Intensive Care. 2025. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​7​7​​/​0​​3​1​0​0​5​7​X​2​4​1​3​1​1​5​9​7.

53.	 Garza K, Aminpour E, Shah J, et al. Glucagon-like peptide-1 receptor agonists 
increase solid gastric residue rates on upper endoscopy especially in patients 
with complicated diabetes: a case-control study. Am J Gastroenterol. 
2024;119(6):1081–8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​4​3​0​​9​/​​a​j​g​​.​0​0​​0​0​0​0​​0​0​​0​0​0​0​2​7​7​7.

54.	 Romero A, Joshi GP. Neuromuscular disease and anesthesia. Muscle Nerve. 
2013;48(3):451–60. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​m​​u​s​.​2​3​8​1​7.

55.	 Santos LB, Mizubuti GB, da Silva LM, et al. Effect of various perioperative 
semaglutide interruption intervals on residual gastric content assessed by 
esophagogastroduodenoscopy: a retrospective single center observational 
study. J Clin Anesth. 2024;99:111668. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​c​​l​i​n​​a​n​e​.​​2​0​​2​4​.​1​
1​1​6​6​8.

56.	 Silveira SQ, da Silva LM, de Campos Vieira Abib A, 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. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​c​​l​i​n​​a​n​e​.​​2​0​​2​3​.​1​1​1​0​9​1.

57.	 Kirmeier E, Eriksson LI, Lewald H, et al. Post-anaesthesia pulmonary complica-
tions after use of muscle relaxants (POPULAR): a multicentre, prospective 
observational study. Lancet Respir Med. 2019;7(2):129–40. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​
1​0​1​6​​/​S​​2​2​1​3​-​2​6​0​0​(​1​8​)​3​0​2​9​4​-​7.

58.	 Kobori T, Onishi Y, Yoshida Y, et al. Association of glucagon-like peptide-1 
receptor agonist treatment with gastric residue in an esophagogastroduode-
noscopy. J Diabetes Investig. 2023;14(6):767–73. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​j​​d​i​.​1​
4​0​0​5.

59.	 Nakatani Y, Maeda M, Matsumura M, et al. Effect of GLP-1 receptor agonist 
on gastrointestinal tract motility and residue rates as evaluated by capsule 
endoscopy. Diabetes Metab. 2017;43(5):430–7. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​d​i​​a​b​
e​​t​.​2​0​​1​7​​.​0​5​.​0​0​9.

60.	 Dahl K, Brooks A, Almazedi F, Hoff ST, Boschini C, Baekdal TA. Oral sema-
glutide improves postprandial glucose and lipid metabolism, and delays 
gastric emptying, in subjects with type 2 diabetes. Diabetes Obes Metab. 
2021;23(7):1594–603. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​d​​o​m​.​1​4​3​7​3.

61.	 Hjerpsted JB, Flint A, Brooks A, Axelsen MB, Kvist T, Blundell J. Semaglutide 
improves postprandial glucose and lipid metabolism, and delays first-
hour gastric emptying in subjects with obesity. Diabetes Obes Metab. 
2018;20(3):610–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​d​​o​m​.​1​3​1​2​0.

62.	 Friedrichsen M, Breitschaft A, Tadayon S, Wizert A, Skovgaard D. The effect 
of semaglutide 2.4 mg once weekly on energy intake, appetite, control of 
eating, and gastric emptying in adults with obesity. Diabetes Obes Metab. 
2021;23(3):754–62. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​d​​o​m​.​1​4​2​8​0.

63.	 Urva S, Coskun T, Loghin C, et al. The novel dual glucose-dependent insulino-
tropic polypeptide and glucagon-like peptide-1 (GLP-1) receptor agonist tirz-
epatide transiently delays gastric emptying similarly to selective long-acting 
GLP-1 receptor agonists. Diabetes Obes Metab. 2020;22(10):1886–91. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​d​​o​m​.​1​4​1​1​0.

64.	 Vellanki P, Rasouli N, Baldwin D, et al. Glycaemic efficacy and safety of 
linagliptin compared to a basal-bolus insulin regimen in patients with type 2 
diabetes undergoing non-cardiac surgery: a multicentre randomized clinical 
trial. Diabetes Obes Metab. 2019;21(4):837–43. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​d​​o​m​.​1​
3​5​8​7.

65.	 Umpierrez GE, Gianchandani R, Smiley D, et al. Safety and efficacy of 
sitagliptin therapy for the inpatient management of general medicine and 
surgery patients with type 2 diabetes: a pilot, randomized, controlled study. 
Diabetes Care. 2013;36(11):3430–5. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​3​3​7​​/​d​​c​1​3​-​0​2​7​7.

66.	 Pasquel FJ, Gianchandani R, Rubin DJ, et al. Efficacy of sitagliptin for the 
hospital management of general medicine and surgery patients with type 2 
diabetes (Sita-Hospital): a multicentre, prospective, open-label, non-inferiority 
randomised trial. Lancet Diabetes Endocrinol. 2017;5(2):125–33. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​0​1​6​​/​S​​2​2​1​3​-​8​5​8​7​(​1​6​)​3​0​4​0​2​-​8.

https://doi.org/10.1111/dom.13118
https://doi.org/10.2337/dc23-1129
https://doi.org/10.4158/EP161292.PS
https://doi.org/10.1016/j.bja.2019.03.028
https://doi.org/10.1016/j.bja.2019.03.028
https://doi.org/10.1016/j.eprac.2022.06.006
https://doi.org/10.1007/s00540-023-03174-8
https://doi.org/10.1001/jamanetworkopen.2024.2744
http://www.medscape.com/viewarticle/927047
https://doi.org/10.1007/s11695-024-07278-2
https://doi.org/10.1007/s11695-024-07278-2
https://doi.org/10.3748/wjg.v30.i26.3221
https://doi.org/10.3748/wjg.v30.i26.3221
https://doi.org/10.1016/j.gie.2024.12.019
https://doi.org/10.1213/ANE.0000000000003372
https://doi.org/10.1213/ANE.0000000000003372
https://doi.org/10.1111/anae.16454
https://doi.org/10.1007/s12630-015-0449-1
https://doi.org/10.1007/s12630-015-0449-1
https://doi.org/10.1016/j.gie.2024.10.011
https://doi.org/10.1016/j.gie.2024.10.011
https://doi.org/10.1016/j.cgh.2024.07.021
https://doi.org/10.1016/j.cgh.2024.07.021
https://doi.org/10.1001/jamanetworkopen.2025.0081
https://doi.org/10.1001/jamanetworkopen.2025.0081
https://doi.org/10.1097/SLA.0000000000006614
https://doi.org/10.1111/dom.15636
https://doi.org/10.14309/ajg.0000000000002969
https://doi.org/10.14309/ajg.0000000000002969
https://doi.org/10.1007/BF00186645
https://doi.org/10.1007/BF00186645
https://doi.org/10.1016/j.gie.2025.01.004
https://doi.org/10.1016/j.gie.2025.01.004
https://doi.org/10.1177/0310057X241311597
https://doi.org/10.1177/0310057X241311597
https://doi.org/10.14309/ajg.0000000000002777
https://doi.org/10.1002/mus.23817
https://doi.org/10.1016/j.jclinane.2024.111668
https://doi.org/10.1016/j.jclinane.2024.111668
https://doi.org/10.1016/j.jclinane.2023.111091
https://doi.org/10.1016/S2213-2600(18)30294-7
https://doi.org/10.1016/S2213-2600(18)30294-7
https://doi.org/10.1111/jdi.14005
https://doi.org/10.1111/jdi.14005
https://doi.org/10.1016/j.diabet.2017.05.009
https://doi.org/10.1016/j.diabet.2017.05.009
https://doi.org/10.1111/dom.14373
https://doi.org/10.1111/dom.13120
https://doi.org/10.1111/dom.14280
https://doi.org/10.1111/dom.14110
https://doi.org/10.1111/dom.14110
https://doi.org/10.1111/dom.13587
https://doi.org/10.1111/dom.13587
https://doi.org/10.2337/dc13-0277
https://doi.org/10.1016/S2213-8587(16)30402-8
https://doi.org/10.1016/S2213-8587(16)30402-8


Page 22 of 23Marino et al. Diabetology & Metabolic Syndrome           (2026) 18:91 

67.	 Pérez-Belmonte LM, Gómez-Doblas JJ, Millán-Gómez M, et al. Use of lina-
gliptin for the management of medicine department inpatients with type 
2 diabetes in real-world clinical practice (Lina-Real-World Study). J Clin Med. 
2018. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​j​​c​m​7​0​9​0​2​7​1.

68.	 Pérez-Belmonte LM, Osuna-Sánchez J, Millán-Gómez M, et al. Glycaemic 
efficacy and safety of linagliptin for the management of non-cardiac surgery 
patients with type 2 diabetes in a real-world setting: Lina-Surg study. Ann 
Med. 2019;51(3–4):252–61. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​8​0​​/​0​​7​8​5​​3​8​9​​0​.​2​0​​1​9​​.​1​6​1​3​6​7​2.

69.	 Scirica BM, Bhatt DL, Braunwald E, et al. Saxagliptin and cardiovascu-
lar outcomes in patients with type 2 diabetes mellitus. N Engl J Med. 
2013;369(14):1317–26. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​5​6​​/​N​​E​J​M​o​a​1​3​0​7​6​8​4.

70.	 Cardona S, Tsegka K, Pasquel FJ, et al. Sitagliptin for the prevention of stress 
hyperglycemia in patients without diabetes undergoing coronary artery 
bypass graft (CABG) surgery. BMJ Open Diabetes Res Care. 2019;7(1):e000703. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​3​6​​/​b​​m​j​d​r​c​-​2​0​1​9​-​0​0​0​7​0​3.

71.	 Preiser J-C, Provenzano B, Mongkolpun W, Halenarova K, Cnop M. Periopera-
tive management of oral glucose-lowering drugs in the patient with type 2 
diabetes. Anesthesiology. 2020;133(2):430–8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​7​​/​A​​L​N​.​​0​0​
0​​0​0​0​0​​0​0​​0​0​0​3​2​3​7.

72.	 Shah P, Mudaliar S. Pioglitazone: side effect and safety profile. Expert Opin 
Drug Saf. 2010;9(2):347–54. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​5​1​7​​/​1​​4​7​4​0​3​3​1​0​0​3​6​2​3​2​1​8.

73.	 Hulst AH, Polderman JAW, Kooij FO, et al. Comparison of perioperative 
glucose regulation in patients with type 1 vs type 2 diabetes mellitus: a retro-
spective cross-sectional study. Acta Anaesthesiol Scand. 2019;63(3):314–21. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​a​​a​s​.​1​3​2​7​4.

74.	 Rodbard HW, Rodbard D. Biosynthetic human insulin and insulin analogs. Am 
J Ther. 2020;27(1):e42–51. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​7​​/​M​​J​T​.​​0​0​0​​0​0​0​0​​0​0​​0​0​0​1​0​8​9.

75.	 Glister BC, Vigersky RA. Perioperative management of type 1 diabetes mel-
litus. Endocrinol Metab Clin North Am. 2003;32(2):411–36. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​
1​0​1​6​​/​S​​0​8​8​9​-​8​5​2​9​(​0​3​)​0​0​0​0​6​-​9.

76.	 Toyoshima MTK, Brandes PHR, da Paz LG, et al. InsulinAPP application proto-
col for the inpatient management of type 2 diabetes on a hospitalist-man-
aged ward: a retrospective study. Arch Endocrinol Metab. 2022;66(4):498–
505. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​0​9​4​​5​/​​2​3​5​​9​-​3​​9​9​7​0​​0​0​​0​0​0​4​9​6.

77.	 Câmara de Souza AB, Toyoshima MTK, Cukier P, et al. Electronic glycemic 
management system improved glycemic control and reduced compli-
cations in patients with diabetes undergoing coronary artery bypass 
surgery: A randomized controlled trial. J Diabetes Sci Technol. August 3, 
2024:19322968241268350. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​7​7​​/​1​​9​3​2​2​9​6​8​2​4​1​2​6​8​3​5​2

78.	 Toyoshima MTK, de Souza ABC, Admoni SN, et al. New digital tool to facilitate 
subcutaneous insulin therapy orders: an inpatient insulin dose calculator. 
Diabetol Metab Syndr. 2015;7:114. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​3​0​9​8​-​0​1​5​-​0​1​1​
1​-​7.

79.	 Umpierrez G, Cardona S, Pasquel F, et al. Randomized controlled trial of 
intensive versus conservative glucose control in patients undergoing 
coronary artery bypass graft surgery: GLUCO-CABG trial. Diabetes Care. 
2015;38(9):1665–72. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​3​3​7​​/​d​​c​1​5​-​0​3​0​3.

80.	 Sathya B, Davis R, Taveira T, Whitlatch H, Wu W-C. Intensity of peri-operative 
glycemic control and postoperative outcomes in patients with diabetes: a 
meta-analysis. Diabetes Res Clin Pract. 2013;102(1):8–15. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​
1​6​​/​j​​.​d​i​​a​b​r​​e​s​.​2​​0​1​​3​.​0​5​.​0​0​3.

81.	 Abdelmalak BB, Lansang MC. Revisiting tight glycemic control in periopera-
tive and critically ill patients: when one size may not fit all. J Clin Anesth. 
2013;25(6):499–507. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​c​​l​i​n​​a​n​e​.​​2​0​​1​2​.​0​9​.​0​0​6.

82.	 Kalra S, Bajwa SJS, Baruah M, Sehgal V. Hypoglycaemia in anesthesiol-
ogy practice: diagnostic, preventive, and management strategies. Saudi J 
Anaesth. 2013;7(4):447–52. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​4​1​0​3​​/​1​​6​5​8​-​3​5​4​X​.​1​2​1​0​8​2.

83.	 Furnary AP, Wu Y. Eliminating the diabetic disadvantage: the Portland Dia-
betic Project. Semin Thorac Cardiovasc Surg. 2006;18(4):302–8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​
/​​1​0​.​​1​0​5​3​​/​j​​.​s​e​​m​t​c​​v​s​.​2​​0​0​​6​.​0​4​.​0​0​5.

84.	 van den Berghe G, Wouters P, Weekers F, et al. Intensive insulin therapy in 
critically ill patients. N Engl J Med. 2001;345(19):1359–67. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​
0​5​6​​/​N​​E​J​M​o​a​0​1​1​3​0​0.

85.	 Lazar HL, Chipkin SR, Fitzgerald CA, Bao Y, Cabral H, Apstein CS. Tight 
glycemic control in diabetic coronary artery bypass graft patients improves 
perioperative outcomes and decreases recurrent ischemic events. Circula-
tion. 2004;109(12):1497–502. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​6​1​​/​0​​1​.​C​​I​R​.​​0​0​0​0​​1​2​​1​7​4​7​.​7​1​0​
5​4​.​7​9.

86.	 Juul AB, Wetterslev J, Kofoed-Enevoldsen A. Long-term postoperative 
mortality in diabetic patients undergoing major non-cardiac surgery. Eur J 
Anaesthesiol. 2004;21(7):523–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​7​​/​s​​0​2​6​5​0​2​1​5​0​4​0​0​7​0​4​5.

87.	 Wukich DK, Crim BE, Frykberg RG, Rosario BL. Neuropathy and poorly con-
trolled diabetes increase the rate of surgical site infection after foot and ankle 
surgery. J Bone Joint Surg Am. 2014;96(10):832–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​1​0​6​​/​J​​B​J​
S​.​L​.​0​1​3​0​2.

88.	 Ramos M, Khalpey Z, Lipsitz S, et al. Relationship of perioperative hypergly-
cemia and postoperative infections in patients who undergo general and 
vascular surgery. Ann Surg. 2008;248(4):585–91. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​7​​/​S​​L​A​.​​0​
b​0​​1​3​e​3​​1​8​​1​8​9​9​0​d​1.

89.	 Karunakar MA, Staples KS. Does stress-induced hyperglycemia increase 
the risk of perioperative infectious complications in orthopaedic trauma 
patients? J Orthop Trauma. 2010;24(12):752–6. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​7​​/​B​​O​T​.​​0​
b​0​​1​3​e​3​​1​8​​1​d​7​a​b​a​5.

90.	 Lai J, Li Q, He Y, Zou S, Bai X, Rastogi S. Glycemic control regimens in the 
prevention of surgical site infections: a meta-analysis of randomized clinical 
trials. Front Surg. 2022;9:855409. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​8​9​​/​f​​s​u​r​g​.​2​0​2​2​.​8​5​5​4​0​9.

91.	 Gunst J, Debaveye Y, Güiza F, et al. Tight blood-glucose control without early 
parenteral nutrition in the ICU. N Engl J Med. 2023;389(13):1180–90. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​​1​0​5​6​​/​N​​E​J​M​o​a​2​3​0​4​8​5​5.

92.	 Umpierrez GE. Glucose control in the ICU. N Engl J Med. 2023;389(13):1234–7. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​5​6​​/​N​​E​J​M​e​2​3​0​9​4​4​2.

93.	 Gandhi GY, Nuttall GA, Abel MD, et al. Intensive intraoperative insulin therapy 
versus conventional glucose management during cardiac surgery: a random-
ized trial. Ann Intern Med. 2007;146(4):233–43. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​7​3​2​6​​/​0​​0​0​
3​​-​4​8​​1​9​-​1​​4​6​​-​4​-​2​0​0​7​0​2​2​0​0​-​0​0​0​0​2.

94.	 NICE-SUGAR Study Investigators, Finfer S, Chittock DR, et al. Intensive 
versus conventional glucose control in critically ill patients. N Engl J Med. 
2009;360(13):1283–1297. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​5​6​​/​N​​E​J​M​o​a​0​8​1​0​6​2​5

95.	 Umpierrez GE, Smiley D, Hermayer K, et al. Randomized study comparing 
a basal-bolus with a basal plus correction insulin regimen for the hospital 
management of medical and surgical patients with type 2 diabetes: basal 
plus trial. Diabetes Care. 2013;36(8):2169–74. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​3​3​7​​/​d​​c​1​2​-​1​9​
8​8.

96.	 Klonoff DC, Kerr D. A simplified approach using rate of change arrows to 
adjust insulin with real-time continuous glucose monitoring. J Diabetes Sci 
Technol. 2017;11(6):1063–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​7​7​​/​1​​9​3​2​2​9​6​8​1​7​7​2​3​2​6​0.

97.	 Logtenberg SJ, Kleefstra N, Snellen FT, et al. Pre- and postoperative accu-
racy and safety of a real-time continuous glucose monitoring system in 
cardiac surgical patients: a randomized pilot study. Diabetes Technol Ther. 
2009;11(1):31–7. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​8​9​​/​d​​i​a​.​2​0​0​8​.​0​0​2​8.

98.	 Hiperglicemia hospitalar no paciente crítico – Diretriz da Sociedade Brasileira 
de Diabetes – Ed. 2025. Accessed October 21, 2025. ​h​t​t​p​​s​:​/​​/​d​i​r​​e​t​​r​i​z​​.​d​i​​a​b​e​t​​e​s​​.​o​
r​​g​.​b​​r​/​h​i​​p​e​​r​g​l​​i​c​e​​m​i​a​-​​h​o​​s​p​i​​t​a​l​​a​r​-​n​​o​-​​p​a​c​i​e​n​t​e​-​c​r​i​t​i​c​o​/

99.	 Perez-Guzman MC, Duggan E, Gibanica S, et al. Continuous glucose monitor-
ing in the operating room and cardiac intensive care unit. Diabetes Care. 
2021;44(3):e50–2. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​3​3​7​​/​d​​c​2​0​-​2​3​8​6.

100.	 Matievich W, Kiaie N, Dunn TC. Safety and functional integrity of CGM sensors 
when used during radiologic procedures under high exposure conditions. J 
Diabetes Sci Technol. 2022;30:19322968221106210. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​7​7​​/​1​​
9​3​2​2​9​6​8​2​2​1​1​0​6​2​0​6.

101.	 Davis GM, Spanakis EK, Migdal AL, et al. Accuracy of Dexcom G6 continuous 
glucose monitoring in non-critically ill hospitalized patients with diabetes. 
Diabetes Care. 2021;44(7):1641–6. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​3​3​7​​/​d​​c​2​0​-​2​8​5​6.

102.	 Carlsson CJ, Nørgaard K, Oxbøll A-B, et al. Continuous glucose monitoring 
reveals perioperative hypoglycemia in most patients with diabetes undergo-
ing major surgery: a prospective cohort study. Ann Surg. 2023;277(4):603–11. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​7​​/​S​​L​A​.​​0​0​0​​0​0​0​0​​0​0​​0​0​0​5​2​4​6.

103.	 Kim K, Choi SH, Jang HC, Park YS, Oh TJ. Glucose profiles assessed by intermit-
tently scanned continuous glucose monitoring system during the periopera-
tive period of metabolic surgery. Diabetes Metab J. 2022;46(5):713–21. ​h​t​t​p​​s​:​/​​
/​d​o​i​​.​o​​r​g​/​​1​0​.​​4​0​9​3​​/​d​​m​j​.​2​0​2​1​.​0​1​6​4.

104.	 Spanakis EK, Urrutia A, Galindo RJ, et al. Continuous glucose monitoring-
guided insulin administration in hospitalized patients with diabetes: a 
randomized clinical trial. Diabetes Care. 2022;45(10):2369–75. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​​2​3​3​7​​/​d​​c​2​2​-​0​7​1​6.

105.	 Olsen MT, Klarskov CK, Jensen SH, et al. In-hospital diabetes management 
by a diabetes team and insulin titration algorithms based on continu-
ous glucose monitoring or point-of-care glucose testing in patients with 
type 2 diabetes (DIATEC): a randomized controlled trial. Diabetes Care. 
2025;48(4):569–78. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​3​3​7​​/​d​​c​2​4​-​2​2​2​2.

106.	 Davis GM, Galindo RJ, Migdal AL, Umpierrez GE. Diabetes technology in the 
inpatient setting for management of hyperglycemia. Endocrinol Metab Clin 
North Am. 2020;49(1):79–93. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​e​c​l​.​2​0​1​9​.​1​1​.​0​0​2.

https://doi.org/10.3390/jcm7090271
https://doi.org/10.1080/07853890.2019.1613672
https://doi.org/10.1056/NEJMoa1307684
https://doi.org/10.1136/bmjdrc-2019-000703
https://doi.org/10.1136/bmjdrc-2019-000703
https://doi.org/10.1097/ALN.0000000000003237
https://doi.org/10.1097/ALN.0000000000003237
https://doi.org/10.1517/14740331003623218
https://doi.org/10.1111/aas.13274
https://doi.org/10.1111/aas.13274
https://doi.org/10.1097/MJT.0000000000001089
https://doi.org/10.1016/S0889-8529(03)00006-9
https://doi.org/10.1016/S0889-8529(03)00006-9
https://doi.org/10.20945/2359-3997000000496
https://doi.org/10.1177/19322968241268352
https://doi.org/10.1186/s13098-015-0111-7
https://doi.org/10.1186/s13098-015-0111-7
https://doi.org/10.2337/dc15-0303
https://doi.org/10.1016/j.diabres.2013.05.003
https://doi.org/10.1016/j.diabres.2013.05.003
https://doi.org/10.1016/j.jclinane.2012.09.006
https://doi.org/10.4103/1658-354X.121082
https://doi.org/10.1053/j.semtcvs.2006.04.005
https://doi.org/10.1053/j.semtcvs.2006.04.005
https://doi.org/10.1056/NEJMoa011300
https://doi.org/10.1056/NEJMoa011300
https://doi.org/10.1161/01.CIR.0000121747.71054.79
https://doi.org/10.1161/01.CIR.0000121747.71054.79
https://doi.org/10.1017/s0265021504007045
https://doi.org/10.2106/JBJS.L.01302
https://doi.org/10.2106/JBJS.L.01302
https://doi.org/10.1097/SLA.0b013e31818990d1
https://doi.org/10.1097/SLA.0b013e31818990d1
https://doi.org/10.1097/BOT.0b013e3181d7aba5
https://doi.org/10.1097/BOT.0b013e3181d7aba5
https://doi.org/10.3389/fsurg.2022.855409
https://doi.org/10.1056/NEJMoa2304855
https://doi.org/10.1056/NEJMoa2304855
https://doi.org/10.1056/NEJMe2309442
https://doi.org/10.1056/NEJMe2309442
https://doi.org/10.7326/0003-4819-146-4-200702200-00002
https://doi.org/10.7326/0003-4819-146-4-200702200-00002
https://doi.org/10.1056/NEJMoa0810625
https://doi.org/10.2337/dc12-1988
https://doi.org/10.2337/dc12-1988
https://doi.org/10.1177/1932296817723260
https://doi.org/10.1089/dia.2008.0028
https://diretriz.diabetes.org.br/hiperglicemia-hospitalar-no-paciente-critico/
https://diretriz.diabetes.org.br/hiperglicemia-hospitalar-no-paciente-critico/
https://doi.org/10.2337/dc20-2386
https://doi.org/10.1177/19322968221106206
https://doi.org/10.1177/19322968221106206
https://doi.org/10.2337/dc20-2856
https://doi.org/10.1097/SLA.0000000000005246
https://doi.org/10.1097/SLA.0000000000005246
https://doi.org/10.4093/dmj.2021.0164
https://doi.org/10.4093/dmj.2021.0164
https://doi.org/10.2337/dc22-0716
https://doi.org/10.2337/dc22-0716
https://doi.org/10.2337/dc24-2222
https://doi.org/10.1016/j.ecl.2019.11.002


Page 23 of 23Marino et al. Diabetology & Metabolic Syndrome           (2026) 18:91 

107.	 McCrea D. Management of the hospitalized diabetes patient with an insulin 
pump. Crit Care Nurs Clin North Am. 2013;25(1):111–21. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​
1​6​​/​j​​.​c​c​​e​l​l​​.​2​0​1​​2​.​​1​1​.​0​1​0.

108.	 Yen PM, Young AS. Review of modern insulin pumps and the perioperative 
management of the type 1 diabetic patient for ambulatory dental surgery. 
Anesth Prog. 2021;68(3):180–7. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​3​4​4​​/​a​​n​p​r​-​6​8​-​0​3​-​1​6.

109.	 Melloul E, Lassen K, Roulin D, et al. Guidelines for perioperative care for pan-
creatoduodenectomy: enhanced recovery after surgery (ERAS) recommenda-
tions 2019. World J Surg. 2020;44(7):2056–84. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​0​0​2​6​
8​-​0​2​0​-​0​5​4​6​2​-​w.

110.	 Ge L-N, Wang L, Wang F. Effectiveness and safety of preoperative oral 
carbohydrates in enhanced recovery after surgery protocols for patients with 
diabetes mellitus: a systematic review. Biomed Res Int. 2020;2020:5623596. ​h​t​
t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​5​5​​/​2​​0​2​0​/​5​6​2​3​5​9​6.

111.	 Gustafsson UO, Nygren J, Thorell A, et al. Pre-operative carbohydrate load-
ing may be used in type 2 diabetes patients. Acta Anaesthesiol Scand. 
2008;52(7):946–51. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​j​​.​1​3​​9​9​-​​6​5​7​6​​.​2​​0​0​8​.​0​1​5​9​9​.​x.

112.	 Laffin MR, Li S, Brisebois R, Senior PA, Wang H. The use of a pre-operative 
carbohydrate drink in patients with diabetes mellitus: a prospective, non-
inferiority, cohort study. World J Surg. 2018;42(7):1965–70. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​
1​0​0​7​​/​s​​0​0​2​6​8​-​0​1​7​-​4​4​1​3​-​9.

113.	 Bredefeld C, Patel A, Islam S, Peragallo-Dittko V. Enhanced recovery after 
surgery: preoperative carbohydrate loading and insulin management in type 
2 diabetes. Surg Open Sci. 2024;18:107–10. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​s​o​​p​e​n​​.​2​0​
2​​4​.​​0​2​.​0​1​2.

114.	 Qin X, Yin Y, Liu L, et al. A retrospective cohort study on enhanced 
recovery after surgery (ERAS) in patients with diabetic foot ulcer. Sci Rep. 
2024;14(1):18171. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​3​8​​/​s​​4​1​5​9​8​-​0​2​4​-​6​9​1​5​0​-​8.

115.	 Canelli R, Louca J, Gonzalez M, et al. Preoperative carbohydrate load does not 
alter glycemic variability in diabetic and non-diabetic patients undergoing 
major gynecological surgery: a retrospective study. J Clin Med. 2024. ​h​t​t​p​s​:​​​/​​/​
d​o​​i​.​​o​r​​g​​/​​1​0​​.​3​3​​​9​0​​/​j​c​m​1​3​1​6​4​7​0​4.

Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1016/j.ccell.2012.11.010
https://doi.org/10.1016/j.ccell.2012.11.010
https://doi.org/10.2344/anpr-68-03-16
https://doi.org/10.1007/s00268-020-05462-w
https://doi.org/10.1007/s00268-020-05462-w
https://doi.org/10.1155/2020/5623596
https://doi.org/10.1155/2020/5623596
https://doi.org/10.1111/j.1399-6576.2008.01599.x
https://doi.org/10.1007/s00268-017-4413-9
https://doi.org/10.1007/s00268-017-4413-9
https://doi.org/10.1016/j.sopen.2024.02.012
https://doi.org/10.1016/j.sopen.2024.02.012
https://doi.org/10.1038/s41598-024-69150-8
https://doi.org/10.3390/jcm13164704
https://doi.org/10.3390/jcm13164704

	﻿Perioperative screening and management of hyperglycemia: a joint position statement from the Brazilian Diabetes Society (SBD), the Brazilian Society of Anesthesiology (SBA) and the Brazilian Association for the Study of Obesity and Metabolic Syndrome (AB
	﻿Abstract
	﻿Introduction
	﻿Methodology
	﻿Level of evidence
	﻿Degree of recommendation
	﻿Recommendations
	﻿Summary of evidence


