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ABSTRACT

Diabetes mellitus is a chronic metabolic disorder characterized by persistent hyperglycemia resulting from inadequate
insulin secretion or impaired insulin action, leading to disturb-ances in carbohydrate, fat, and protein metabolism. In recent
years, the prevalence of diabe-tes in Tiirkiye has significantly increased, posing a major public health concern and under-
scoring the need for early diagnosis and effective perioperative management. In the pre-operative period, diabetic patients
require thorough evaluation to identify comorbidities, optimize glycemic control, and reduce the risk of perioperative
complications. Key anesthet-ic considerations include assessing cardiovascular and renal status, evaluating for autonom-ic
neuropathy, and determining the presence of delayed gastric emptying, which may influ-ence airway management. Pre-
operative optimization involves maintaining blood glucose within the recommended target range, adjusting or withholding
oral hypoglycemic agents, and transitioning to intravenous insulin infusion if necessary. This review focuses on the principles
of anesthesia management in diabetic patients, emphasizing pre-operative as-sessment, intraoperative glycemic control,
and post-operative monitoring to improve surgi-cal outcomes.
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INTRODUCTION
Diabetes mellitus (DM) is defined by the Turkish Society of

health concern and emphasizes the need for early diagnosis
and effective management strategies.

Endocrinology and Metabolism as a metabolic disorder char-
acterized by chronic hyperglycemia due to inadequate insu-
lin secretion or impaired insulin action. This condition causes
various abnormalities in carbohydrate, fat, and protein me-
tabolism.M

In recent years, the prevalence of diabetes in Tirkiye has
shown a significant increase. This has become a serious public
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According to the results of the Turkish Diabetes, Hypertension,
and Obesity Prevalence Study (TURDEP)-I conducted in 1997-
1998, the prevalence of diabetes among individuals aged 20
years and older was found to be 7.2%."

Twelve years later, the TURDEP-II, conducted in the same cen-
ters and among similar age groups, reported a prevalence rate
of 13.7%.5
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The difference between these two studies indicates that the
prevalence of diabetes in Tiirkiye has nearly doubled, impos-
ing a significant burden on public health. This increase is as-
sociated with factors such as lifestyle changes, urbanization,
rising rates of obesity, and physical inactivity.

A similar situation is observed in the United States, where the
prevalence of DM has significantly increased in recent years.
According to national health surveys conducted in 1999-
2000, the prevalence of diabetes among adults in the U.S. was
reported to be 9.7%. However, recent evaluations conducted
between August 2021, and August 2023, indicate that this fig-
ure has risen to 14.3%."

Diabetes is often diagnosed during pre-operative assess-
ments. The American Diabetes Association recommends
screening all overweight individuals with an additional risk
factor for diabetes.

It has been reported that approximately 30-40% of patients
undergoing cardiac surgery have a history of diabetes. Fur-
thermore, in individuals without a prior diagnosis, stress hy-
perglycemia - defined as a blood glucose (BG) level exceeding
140 mg/dL - may devel-op in up to 60% of cases.”

Various studies have demonstrated that perioperative hyper-
glycemia, whether in critically ill patients or those undergoing
cardiac surgery, increases morbidity and mortality rates. Re-
gardless of a prior diabetes diagnosis, patients with periopera-
tive hyperglycemia are associ-ated with higher rates of wound
infections; development of acute kidney injury, prolonged
hospital stays, and increased risk of perioperative mortality.®

Stress hyperglycemia that develops in individuals without a
diagnosis of diabetes, particularly those undergoing coronary
artery bypass graft surgery or being monitored in the intensive
care unit, is associated with worse clinical outcomes than in in-
dividuals with known diabetes. In these patients, the complica-
tion rate has been found to be four times higher, and the mor-
tality rate twice as high, compared to normoglycemic patients.”

The development of stress hyperglycemia involves several
mechanisms, including stress hormones (cortisol, adrenaline),
proinflammatory cytokines, and disruption of insulin secretion
and action mediated by the central nervous system. This leads
to increased glucose production in the liver and reduced glu-
cose uptake in peripheral tissues.’®

The adverse outcomes of hyperglycemia are explained by
mechanisms such as inflammation, oxidative stress, prothrom-
botic activity, and vascular dysfunction.”

Long-term follow-up of patients who develop stress hyper-
glycemia is of great importance. It has been reported that
approximately 60% of these individuals are diagnosed with
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diabe-tes within 1 year.'”

The effects of different types of anesthesia on intraoperative
glucose control were evaluated in a systematic review and me-
ta-analysis conducted by Li et al."" in 2017. According to this
study published in Medicine, combined general-epidural an-
esthesia was found to be more effective in controlling intraop-
erative glucose levels compared to general anesthesia alone.
However, no significant difference was observed between iso-
lated epidural anesthe-sia and general anesthesia.

Pre-Operative Assessment

The pre-operative assessment of diabetic patients is critically
important for the successful management of the surgical pro-
cess (Fig. 1). The following steps constitute the core com-po-
nents of this evaluation:

+ A detailed medical history and physical examination
should be conducted. The type and duration of diabetes,
current medications, and the presence of diabetes-related
organ damage must be assessed!?

+ Glycemic control status should be determined through
tests such as hemoglobin Alc (HbA1c) and BG measure-
ments. These tests play a significant role in shaping periop-
erative glycemic management strategies!

- Liver and renal functions should be evaluated, as diabetic
patients often experience impairments in kidney and liver
function!™

Figure 1. Pre-operative diabetes screening and management
algorithm.
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Table 1. Perioperative effects of oral antidiabetic agents

OAD class Examples Warnings/Precautions

Secretagogues Gliburide Risk of hypoglycemia,

(Sulfonylureas, etc,,)  Glimepiride prolonged drug effect,
and challenges in dose
titration.

Biguanides Metformin Risk of lactic acidosis; use

with caution in renal and

hepatic impairment
Thiazolidinediones  Rosiglitazone Intravascular volume
expansion, delayed onset
of action, and challenges

in dose titration

OAD: Oral Anti Diabetic.

+ Electrolyte balance and ECG evaluations should be per-
formed, especially consider-ing the effects of hyperglyce-
mia on cardiac rhythm.!"”!

ORAL ANTIDIABETICS

Oral antidiabetic therapy plays an important role in the man-
agement of diabetes and consists of various pharmacologi-
cal classes (Table 1). These drugs aim to control BG by either
en-hancing insulin effects or inhibiting glucose production.

« Sulfonylureas increase insulin secretion by blocking po-
tassium channels in pan-creatic beta cells. These drugs
generally reduce HbA1c by approximately 1-2%.""% This
group of drugs is commonly used in diabetes treatment
and is particularly ef-fective in patients with moderate hy-
perglycemia

+ Metformin increases insulin sensitivity in tissues and re-
duces hepatic gluconeogenesis. Metformin effectively
lowers hyperglycemia by about 25% in 90% of patients.!'”!
In addition, the cardiovascular benefits of metformin rep-
resent a significant advantage, making it the first-line ther-
apy for most diabetic patients

« Thiazolidinediones regulate glucose metabolism by in-
creasing insulin sensitivity. These drugs are generally rec-
ommended for obese patients and those with devel-oped
insulin resistancel®

» Meglitinides accelerate insulin release from pancreatic beta
cells and are typically administered before meals. These
drugs help prevent rapid post-prandial glucose spikes

» Alpha-glucosidase inhibitors delay the absorption of car-
bohydrates in the intestines, thereby controlling post-pran-
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dial hyperglycemia. These agents are particularly used in
patients with rapid BG increases after meals'%!

« Glucagon-like peptide-1 agonists increase insulin se-
cretion, inhibit glucagon release, and delay gastric empty-
ing. Moreover, they reduce hunger sensation, sup-porting
weight loss and weight management2!

« Sodium-glucose cotransporter 2 (SGLT2) inhibitors in-
hibit glucose reabsorption in the kidneys, promoting ex-
cretion of excess glucose through urine. These drugs not
only control hyperglycemia but also offer cardiovascular
benefits.??

In a randomized controlled trial, the hypothesis that continu-
ation of oral antidiabetic drugs (OADs) before surgery would
reduce perioperative BG levels was tested. The study com-
pared two groups: one in which pre-operative OAD use was
continued, and another in which OADs were discontinued.
The group in which OADs were discontinued had an average
BG level of 156 mg/dL (95% confidence interval: 146-167 mg/
dL; p<0.001), while BG levels in the group continuing OADs
were significantly lower (mean: 138 mg/dL; 95% confidence
interval: 130-146 mg/dL).?*

This result demonstrates that continuation of OADs pre-opera-
tively has a beneficial effect on perioperative BG management.

Furthermore, it is emphasized that in patients using insulin,
home insulin regimens and fasting glucose measurements
must be carefully reviewed. Optimization of insulin therapy
plays an important role in achieving BG control during the
perioperative period.

Preoperatively, long-acting insulins are less likely to result in
hypoglycemia and should therefore not be withheld. Half the
normal dose of intermediate insulin should be taken on the
day of surgery. Rapid-acting insulin should be withheld in pa-
tients with a BG below 200 mg/dL and carefully titrated in pa-
tients with a BG exceeding 200 mg/dL. General guidelines for
insulin are summarized in Table 2.24

Management of Diabetic Patients in The Perioperative
Period: Clinical Protocol Recommendations

To ensure the safe and effective management of surgical
procedures in diabetic patients, each healthcare institution
should establish its own clinical protocol. These protocols
should cover the pre-operative and intraoperative periods to
optimize patients’ metabolic status.

In the pre-operative period, HbA1c and BG levels should be
evaluated at least 3-4 days before the scheduled surgery. In
elective surgeries, if BG exceeds 250 mg/dL, the procedure
should be postponed.?! Surgeries should preferably be
scheduled in the early morning hours, considering the patient
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Table 2. Insulin treatment on the day of surgery

Insulin types Regiment on the day of surgery

Lantus/toujeo, tresiba, levemir Half dose of normal in the morning

(long-acting insulins) of surgery
Nph insulin (intermediate Half dose of normal in the morning
insulin) of surgery
Insulin aspart protamine, Depending to the blood glucose:
if >200 mg/dL: Take half dose of

normal in the morning. If <200

insulin aspart, insulin lispro
protamine, insulin lispro,
insulin neutral protamine mg/dL: no insulin
hagedorn, and insulin regular
(all mixed insulin)

All models of insulin pumps:  Basel rate until operation, continue
Endocrinology consult with IV insulin during surgery
recommended expect

patient’s ambulatory

will not be able to eat breakfast. To prevent catabolic response
and dehydration due to fasting, the use of carbohydrate-con-
taining clear fluids or glucose gels is recommended.®!

During intraoperative evaluation, rapid sequence intubation
should be performed in diabetic patients with a high risk of
difficult airway, particularly those suspected of gastroparesis,
to reduce the risk of aspiration. Electrolyte disturbances, which
are frequently encountered, should be carefully monitored.
The target intraoperative BG range is 120-180 mg/dL, and
continuous glucose monitoring (CGM) is essential to prevent
both hypo- and hyperglycemic episodes.!"-227

Use ff CGM in The Perioperative Period

CGMs, which are minimally invasive and measure interstitial
glucose levels every 1-5 minutes, are widely used in daily dia-
betes management. However, these devices have not yet been
officially approved for use in the perioperative setting.=®

Physiological and technical factors during surgery, such as hy-
potension, hypothermia, hypoxia, and electrical interference,
may compromise the accuracy of CGM readings. Therefore,
CGM data should not be fully relied upon intraoperatively,
and plasma glucose levels should be confirmed with standard
methods when necessary.’?>2

According to the updated 2023 guideline titled “Guideline for
Perioperative Care for People with Diabetes Mellitus Undergoing
Elective and Emergency Surgery, several key rec-ommenda-
tions have been provided for perioperative diabetes manage-
ment. The guideline emphasizes avoiding prolonged pre-op-
erative fasting and scheduling diabetic patients for surgery in
the early morning. The recommended target BG range is 6-10
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mmol/L (108-180 mg/dL), with values up to 12 mmol/L (216
mg/dL) considered acceptable. If BG falls be-low 70 mg/dL, in-
travenous glucose administration is advised.=”

The new guideline offers detailed guidance on topics such as
the management of patients using continuous subcutaneous
insulin infusion (CSII), the risk of diabetic ketoacidosis with
SGLT-2 inhibitors, and intervention protocols for impending
hypoglycemia (4-6 mmol/L) and clinically significant hypo-
glycemia (<4 mmol/L). It also provides comprehensive rec-
ommendations for adjusting insulin and other antidiabetic
medications in the pre- and post-operative periods. The 2023
edition is more detailed than its 2021 predecessor and aims to
reduce surgical complications.3”

Perioperative Hyperglycemia and Insulin Management

Perioperative BG levels exceeding 180 mg/dL are associat-
ed with increased morbidity, par-ticularly infection risk, and
higher mortality. Therefore, insulin therapy should be initiat-
ed, aiming to maintain BG within the range of 140-180 mg/
dL. Tight glycemic control target-ing normoglycemia increas-
es the risk of severe hypoglycemia and has not demonstrated
additional benefit. In patients with Type 1 or Type 2 diabetes,
or those with stress-induced hyperglycemia, transition to con-
tinuous intravenous insulin infusion (IVCSII) is recom-mended
when a personal insulin pump is discontinued. This strategy is
particularly preferred for prolonged surgeries and in critically
ill patients."

For nausea and vomiting prophylaxis, the use of 4 mg dexa-
methasone in combination with another antiemetic is recom-
mended, and doses of 8 mg should be avoided. Regional anes-
thesia should be preferred whenever possible, as it facilitates
post-operative pain control and reduces insulin resistance.
Patients with poor glycemic control often require increased
analgesic support. Preventing hypothermia, encouraging ear-
ly mobilization, using minimally invasive surgical techniques,
and minimizing blood loss are also beneficial in reducing insu-
lin resistance-related perioperative complications."

Perioperative Hypoglycemia

Symptoms of perioperative hypoglycemia may be masked
under general anesthesia; thus, glucose levels must be closely
monitored. Hypoglycemia is classified as follows:

« Level 1: <70 mg/dL
o Level 2: <54 mg/dL
o Level 3: <40 mg/dL

Hypoglycemia is particularly common in patients with Type 1
diabetes using insulin and in elderly patients on sulfonylureas.
For treatment, administration of 25-50 mL of 50% dextrose
solution or 500 mL of 5% dextrose is recommended.B"
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Approach to Hypoglycemia Risk in Perioperative Glycemic
Management and Clinical Implications

The article titled “Near Miss Hypoglycemia Reflections on
Perioperative Glucose Management Guidelines in Diabetics"
highlights the weak points in clinical practice by examin-ing
cases in which hypoglycemia was narrowly avoided. Attempt-
ing to maintain glucose levels within a narrow range (e.g.,
4-6 mmol/L) increases the risk of hypoglycemia. Pro-longed
pre-operative fasting and improper adjustment of antidiabet-
ic agents — particularly insulin and sulfonylureas - can lead to
perioperative hypoglycemia.

According to recent recommendations, it is advised that certain
oral antidiabetic drugs (such as sulfonylureas) be withheld on
the morning of surgery, and that doses of long-acting insulin
be reduced by approximately 70-80%. It has been emphasized
that variable rate intra-venous insulin infusions may cause
abrupt glucose drops if glucose and caloric intake are not care-
fully managed. Furthermore, most hypoglycemic events have
been linked to incom-plete handovers of insulin administration
times or BG information during staff transi-tions.®

According to the most recent Standards of Care in Diabetes -
2025 published by the American Diabetes Association, periop-
erative BG levels should be maintained between 80 and 180
mg/dL. Metformin and other oral glucose-lowering agents
should be discontinued on the day of surgery. SGLT2 inhibitors
should be stopped 3-4 days before surgery. Dos-es of NPH
and long-acting insulins (e.g., glargine) should be reduced by
20-25% the day before surgery, and by approximately 50% on
the morning of the procedure.’®3

Patients Using CSlI

+ In planned and short-duration surgeries, the insulin pump
may be continued; basal infusion should be maintained,
and glucose levels monitored hourly

In emergency surgeries or procedures lasting longer than 3
h, the pump should be discontinued and transitioned to in-
travenous insulin infusion. BG should be main-tained within
a target range of 140-180 mg/dL (7.7-10 mmol/L).B¥

CONCLUSION

In light of all this information, we at Bilkent City Hospital im-
plement these protocols in our perioperative glucose man-
agement strategies and believe they will also serve as valuable
guidance for other anesthesiologists.
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