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Abstract
Purpose of Review This review provides a literature update and practical outline for the management of diabetes and stress
hyperglycemia for adult surgical patients in the pre- and intraoperative settings.
Recent Findings Hyperglycemia in surgical patients has been associated with increased risk of complication in both diabetic and
non-diabetic patients in the perioperative setting. While current recommended perioperative blood glucose target is < 180 mg/dL
(10 mmol/L), optimal outcomes may require different treatment targets for diabetic versus non-diabetic patients. Hemoglobin
A1C level is associated with elevated risk of hyperglycemia and adverse outcomes, but there is insufficient evidence to recom-
mend routine preoperative testing or optimal values in elective surgical patients. Day of surgery blood glucose testing and
treatment are recommended in the perioperative period, and anesthetic management includes appropriate patient selection for
use of subcutaneous insulin, intravenous insulin infusions, and insulin pumps. Additionally, administration of both intravenous
and perineural dexamethasone is associated with increased blood glucose levels and clinicians should consider the risk benefit
ratio in surgical patients. For enhanced recovery after surgery protocols, further evidence is needed to support routine use of
carbohydrate loading in diabetic patients.
Summary Optimal perioperative care includes screening at-risk patients, use of preoperative oral hypoglycemics and home
insulin, anesthetic type and medication selection, blood glucose testing, and treatment for hyperglycemia in the operating room.
Partnerships with surgery and endocrinology teams aid optimal postoperative management and discharge planning.

Keywords Surgery . Hyperglycemia . Perioperative diabetes management . Dexamethasone . Anesthesia . Enhanced Recovery
After Surgery (ERAS)

Introduction

Hospital hyperglycemia (blood glucose ≥ 140 mg/dL,
7.8 mmol/L) is commonly encountered in the perioperative
environment, estimated to occur in 20–40% of non-cardiac,
35% of vascular, and 80% of cardiac surgery patients [1–3].
The stress of surgery has been demonstrated to increase blood

glucose levels in both diabetic and non-diabetic patients and is
associated with a multitude of adverse clinical outcomes, in-
cluding higher risk of wound infection, delayed wound
healing, pneumonia, sepsis, cardiovascular complication,
and acute kidney injury [1, 4•, 5]. While evidence suggests
that patients with controlled blood glucose levels demonstrate
improved postoperative outcomes versus those who remain
hyperglycemic [6••, 7], the optimal glucose management strat-
egy is still subject to debate. This review provides a practical
outline for perioperative management of diabetes and stress
hyperglycemia in adult surgical patients.

Perioperative Hyperglycemia,
Pathophysiology

The stress of an invasive procedure or surgery alters the nor-
mally well-regulated balance between hepatic glucose
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product ion and glucose ut i l izat ion in the body.
Counterregulatory hormones produced by the body’s stress
response (epinephrine and cortisol) increase hepatic glucose
production and promote gluconeogenesis [8], while also en-
hancing lipolysis and free fatty acid (FFA) formation [9].
FFAs and inflammatory molecules, including tumor necrosis
factor-α (TNF-α), interfere with peripheral glucose uptake
and create a state of relative insulin resistance [10, 11].
Although the pathophysiology is not entirely understood, el-
evated blood glucose levels have been demonstrated to impair
neutrophil function, increase reactive oxygen species, induce
mitochondrial injury, and produce endothelial dysfunction.

Stress Hyperglycemia

Stress hyperglycemia is defined as a transient hyperglycemic
state which occurs in a patient without a history of glucose
intolerance [9]. As the acute surgical stress or illness subsides,
hyperglycemia resolves, and patients return to a euglycemic
state. Following 170 surgical patients considered to be at risk
for hyperglycemia (age ≥ 45 years and/or BMI ≥ 25 kg/m2),
we observed that 6.4%, with normal preoperative A1C, expe-
rience at least one BG ≥ 180 mg/dL (10 mmol/L) during hos-
pitalization (Table 1). The severity of hyperglycemia is aggra-
vated by the invasiveness of the surgical procedure, use of
inotropic medications, anatomic location of the surgery, and
the type of anesthesia. Cardiac surgical procedures with the
use of cardiopulmonary bypass (CPB) circuit, thoracic and
abdominal surgery, epinephrine infusions, and general anes-
thesia appear to be more frequently associated with elevated
cortisol and catecholamine states and resultingly,
hyperglycemia.

Non-diabetic patients suffering hyperglycemia in the peri-
operative period are at higher risk of developing a complica-
tion than those with diagnosed diabetes [2, 13]. However, the
initial data examining non-diabetic patients compared to dia-
betic patients notably lacks differentiation of undiagnosed dis-
ease at the time of surgery. Longitudinal studies indicate up to
one third of patients who experience hyperglycemia in the
hospital have impaired glucose tolerance on further testing
[14], suggesting the presence of undiagnosed pre-diabetes or
diabetes. Additionally, patients without a diagnosis of diabetes
are less likely to be treated with insulin when hyperglycemic
[4•].

Over a 24-month screening period, 4204 preoperative sur-
gical patients presented to our institution with risk factors for
DM2 (age ≥ 45, BMI ≥ 25 kg/m2) but without a history of
disease. A1C testing revealed that 27.2% of screened patients
had pre-diabetes and 3.9% undiagnosed diabetes. Those with
elevated A1C were more likely to suffer hyperglycemia dur-
ing their perioperative course (Table 1) and less likely to be
treated with insulin for BG > 180 mg/dL (10 mmol/L).

Measurement of A1C presents the opportunity to diagnose
and treat surgical patients during their operative course and
also ensure continued care on hospital discharge.

A1C Testing

The majority of patients with diabetes have DM2, affecting
12.2% of the adult populat ion in the USA [15].
Approximately 25% of those afflicted by the disease (7.2 mil-
lion individuals) are unaware that they carry a diagnosis, and
an additional 84 million Americans have pre-diabetes [15].

A1C levels are used in the outpatient setting to measure a
patient’s 3-month average blood glucose level. The American
Diabetes Association (ADA) 2019 Standards of Medical Care
recommend checking A1C twice per year in well-controlled
diabetic patients and every 3 months in poorly controlled di-
abetic patients. An A1C should be performed in the hospital
setting in all patients with diagnosed DM and those with blood
glucose > 140 mg/dL (7.8 mmol/L) if not done 3 months prior
to admission [16••]. The American Diabetes Association de-
fines pre-diabetes as an A1C 5.7–6.4% and the presence of
diabetes as A1C > 6.5% [17••]. It is important to recognize
that this is a disease which belongs on a continuous spectrum
and often is insidious and asymptomatic at the time of diag-
nosis. Conditions that interfere with accurate A1C testing are
listed in Table 2 and should be considered before making a
formal diagnosis of diabetes.

Current recommendations target A1C levels < 7% for
young, non-pregnant patients, and < 8% for older patients
with multiple comorbidities. These values, however, are de-
fined for long-term disease management to reduce the risk of
heart disease, peripheral vascular disease, and stroke.
Perioperative targets are less clear. Increasing A1C is associ-
ated with adverse outcomes, including increased risk of
wound infections [18], longer length of stay (LOS), and inten-
sive care unit (ICU) admission [19••]. A recent retrospective
study at Duke University examined the relationship between
preoperative A1C, perioperative blood glucose level, and
mortality in 13,000 surgical cases. Preoperative A1C correlat-
ed with perioperative blood glucose levels in both cardiac and
non-cardiac surgery. Perioperative mortality demonstrated a
linear relationship in non-cardiac surgery, increasing from 1
to 1.6%when blood glucose increased from 100 (5.5mmol/L)
to 200 mg/dL (11.1 mmol/L). In cardiac surgery, the relation-
ship was U-shaped: mortality was 4.5% at 100 mg/dL
(5.5 mmol/L), 1.5% at 140 mg/dL (7.8 mmol/L), and 6.9%
at 200 mg/dL (11.1 mmol/L). However, after controlling for
blood glucose (as well as body mass index, age, and sex),
elevated preoperative A1C was not associated with mortality
in cardiac or non-cardiac surgery [6••]. Perioperative blood
glucose control may limit the risk of perioperative complica-
tion in patients with higher A1C [7]. Thus, preoperative A1C
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remains unknown and there is insufficient information to sug-
gest case cancelation for a particular A1C.

Testing does provide several pieces of useful information in
the perioperative setting and may offer benefit to patients:

1. Diagnosed DM without testing in the prior 3 months
2. At risk for pre-diabetes or diabetes (age ≥ 45 years,

BMI ≥ 25 with one additional risk factor) [17••]
3. Day of surgery fasting BG ≥ 126 mg/dL
4. Hospital hyperglycemia, BG ≥ 140 mg/dL

Results will identify those patients with previously undiag-
nosed disease, indicate baseline disease control in those with
known diabetes, and predict the risk of developing hospital
hyperglycemia. It does not, however, provide information on
blood glucose variability or propensity for hypoglycemia.

Preoperative Hyperglycemia

Patients presenting for elective surgery with severe hypergly-
cemia (BG ≥ 300 mg/dL, 16.6 mmol/L) should be evaluated
prior to proceeding to the operating room. Type of diabetes,
degree of hyperglycemia, and A1C results should be reviewed
in the context of the type of surgery, patient’s baseline health
(frailty, immunosuppression, malnutrition, comorbidities),
and compliance with medical therapy. Currently, no

guidelines exist for the postponement of elective surgery due
to hyperglycemia except for in the setting of severe dehydra-
tion, diabetic ketoacidosis (DKA), or hyperosmolar
nonketotic states [20]. Serum bicarbonate and electrolytes
may provide valuable diagnostic information identifying these
states. In the absence of these findings, an insulin infusion or
subcutaneous insulin should be initiated to achieve blood glu-
cose levels < 300 mg/dL (16.6 mmol/L). If blood glucose
levels drop as expected, insulin treatment should be contin-
ued, and surgery can proceed. If elevated blood glucose levels
persist, it is reasonable to postpone surgery for further
treatment.

Type of Anesthesia

There is evidence that anesthetic technique has an effect on
blood glucose levels in the perioperative period. Neuraxial
techniques such as epidural and spinal anesthesia blunt the
sympathetic response to surgical stimuli. Both diabetic and
nondiabetic patients undergoing hip arthroplasty who re-
ceived spinal anesthesia were found to have lower periopera-
tive blood glucose levels compared to those who had general
anesthesia [21]. A meta-analysis of 11 randomized controlled
trials (RCT) found that patients who had combined general-
epidural anesthesia had lower perioperative blood glucose
levels than patients who had general anesthesia alone (differ-
ence of 22.7 mg/dL, 1.26 mmol/L) [22].

The impact of varied types of general anesthetics has also
been studied to determine the impact on BG levels. A RCT of
60 nondiabetic patients undergoing inguinal hernia repair
found lower cortisol and blood glucose levels in patients
who received total intravenous anesthesia with propofol com-
pared to those who received a volatile anesthetic [23]. This
effect was seen both intraoperatively and 24 h into the post-
operative period. Animal modeling has demonstrated BG
levels increase with sevoflurane anesthesia, but are stable un-
der propofol anesthesia and similar to animals receiving

Table 1 A1C screening in
surgical patients in patients
without history of diabetes

Characteristics Normoglycemia Pre-diabetes Diabetes P value

HbA1C, median 5.3% 5.9% 6.7%
Patients, n (%) 2892 (69%) 1148 (27.2%) 164 (3.9%)

Age, years 57 61 61 P < 0.01

BMI, kg/m2 29.0 31.1 33.6 P < 0.01

Female, n (%) 1741 (60%) 685 (60%) 92 (56%) P = 0.53

Perioperative BG> 180 mg/dL, n (%) 171 (6.4%) 113 (10.6%) 50 (30.5%) P < 0.001

Total patients screened patients = 7430; 4204met institution A1C screening criteria (age ≥ 45 years and/or BMI ≥
25 kg/m2 ). P values represent comparisons across categories for each variable. n number of patients

Reprinted with permission from: Duggan EW, O’Reilly-Shah VN, Tsegka KG, Galindo RJ, Umpierrez GE.
HbA1c Screening Characterizes Undiagnosed Dysglycemia in Surgical Patients, Diabetes 2018
July;67(Supplement 1): https://doi.org/10.2337/db18-1305-P. Copyright 2018 by the American Diabetes
Association [12]

Table 2 Conditions that
impact the relationship
between measured A1C
and glycemia

Sickle cell disease

Pregnancy (second and third trimester),
post-partum state

Glucose-6-phosphate dehydrogenase
(G6PD) deficiency

Human immunodeficiency virus (HIV)

Hemodialysis

Recent blood loss or transfusion

Erythropoietin therapy
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surgery without anesthesia [24]. These results are likely attrib-
utable to volatile anesthetics’ (sevo- and isoflurane) impair-
ment on glucose tolerance in non-diabetic patients [25].

When deciding on an anesthetic technique, a number of
factors must be considered including the type of surgery, sur-
gical length and complexity, patient comorbidities, patient
preference, and anesthetic cost.

Preoperative Glycemic Management

Oral Hypoglycemics

Preoperative management of oral diabetic medications is
based upon the type and duration of surgery and length of
pre- and postoperative fasting. There is a paucity of data ex-
amining oral hypoglycemic agents in patients on the day of
surgery. A small study in ambulatory surgery patients demon-
strated that those who continue oral hypoglycemic medication
on the day of surgery had lower perioperative BG levels with
fewer episodes of hyperglycemia than those who discontinue
oral agents on the day of surgery [26]. There was no difference
in the incidence of hypoglycemia between groups. The study
did not, however, look at patient outcomes and was insuffi-
ciently powered to distinguish between the 2 study medica-
tions (metformin and sulfonylureas). Oral agent used in the
preoperative period is summarized in Table 3.

Metformin

Metformin is the preferred initial treatment agent for type 2
diabetes [28] and is the most extensively used oral hypogly-
cemic agent in the USA. The Society for Ambulatory
Anesthesia (SAMBA) recommends patients continue metfor-
min until the day of surgery but hold their dose on the day of
surgery [20]. This is consistent with 2019 ADA Standards of
Medical Care [16••]. However, the Joint British Diabetes
Societies Guidelines recommend continuing metformin if
the patient will only miss a single meal [29]. For those under-
going same-day procedures with immediate return to meals,
metformin may offer benefit in maintaining glycemic control.

Metformin-associated lactic acidosis (MALA) has been the
perceived risk using this agent in surgical patients. A
Cochrane meta-analysis of 347 trials examining predominant-
ly outpatients usingmetformin found no evidence of increased
risk of lactic acidosis [30]. A retrospective study of 1284 di-
abetic patients who continued metformin prior to cardiac sur-
gery also demonstrated no increased risk of lactic acidosis nor
adverse events including in-hospital mortality, cardiac, renal,
or neurologic morbidities in cardiac surgery patients [31].
However, caution should be exercised in those with renal dys-
function (GFR ≤ 30 mL/min) and/or undergoing procedures
with the administration of intravenous (IV) contrast because
these factors are known to increase the risk of MALA in the
perioperative period.

Secretagogues

Secretagogues, including sulfonylureas, should be held the
day of surgery to decrease the risk of hypoglycemia [20, 32].

Sodium Glucose Co-transporter 2 Inhibitors

Sodium glucose co-transporter 2 (SGLT-2) inhibitors are now
recommended as the second-line diabetes agents in diabetic
patients with atherosclerotic cardiovascular disease, heart fail-
ure, or chronic kidney disease [28]. Providers can expect to
see these used in increasing frequency in the perioperative
period. Euglycemic diabetic ketoacidosis (eDKA) has been
reported in patients taking SGLT-2 inhibitors, most frequently
in the setting of fasting states and/or stressful events such as
acute illness or surgery [33–35]. As a result, recent recommen-
dations by the American College of Endocrinology (ACE)
and American Association of Clinical Endocrinologists
(AACE) advise holding SGLT-2 inhibitors 24 h prior to sur-
gery [36].

The incidence of DKA in patients using SGLT-2 inhibitors
is estimated to be 0.02–0.03% in patients with DM2, and
0.07% when including DM1 and DM2 [33]. Several studies
report blood glucose levels on the diagnosis being within nor-
mal range making the diagnosis potentially less recognizable

Table 3 Oral medication use the day before and day of surgery (elective
surgery)

Oral medication Day
before
surgery

Day of surgery if
normal oral intake
anticipated same
day AND
minimally invasive
surgery

Day of surgery if
reduced
postoperative oral
intake OR extensive
surgery, anticipated
HD changes and/or
fluid shifts

Secretagogues Take Hold Hold

SGLT-2 inhibitors Hold Hold Hold

Thiazolidinediones Take Take Hold

Metformin Take* Take* Hold

DPP-4 inhibitors Take Take Take

Reprinted with permission from Wolters Kluwer Health, Inc.: Duggan
EW, Carlson K, Umpierrez GE. Perioperative Hyperglycemia
Management: An Update. Anesthesiology 2017. 126: 547–60. p552.
https://anesthesiology.pubs.asahq.org/journal.aspx [27]

DPP dipeptidyl peptidase-4, HD hemodynamic, SGLT-2 sodium glucose
cotransporter-2

*Hold if patient having a procedure with intravenous dye administration,
particularly in those with glomerular filtration rate < 45 mL/min
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[34, 35]. However, in a review of 17,596 patients reporting 12
cases of DKA, 10 patients had a blood glucose level reported
at presentation that was > 300 mg/dL (16.7 mmol/L) [33].
Half of the cases of DKA reported in this study were found
in patients with latent autoimmune diabetes of adulthood
(LADA), and the study authors postulate that patients with
low β-cell reserve to be unable to produce sufficient insulin
to suppress ketogenesis [33]. While more research is needed
to understand the underlying mechanisms of SGLT-2-
associated DKA, caution may be warranted in those undergo-
ing pancreatic surgery or with underlying pancreatic disease
as these patients may be at higher risk of developing DKA
when taking SGLT-2 inhibitors [35, 37].

Fasting also places patients at risk because there is a met-
abolic shift from carbohydrate to fat oxidation that predis-
poses patients to an increased risk of DKA. Post-surgical
symptoms commonly overlap manifestations of DKA includ-
ing nausea, vomiting, fatigue, and abdominal pain.
Additionally, the lack of severe hyperglycemia may not pro-
vide a diagnostic clue. Vigilance must be exercised when car-
ing for surgical patients taking SGLT-2 inhibitors, and work-
up initiated to evaluate persistent symptoms, signs of dehy-
dration, and/or metabolic acidosis (low serum bicarbonate,
low pH on blood gas, and/or anion gap). Positive urine or
serum ketones further support the diagnosis.

Incretins

Medications that modify the incretin hormone, including
DPP-4 inhibitors and GLP-1 agonists, are a class of agents
that, in addition to lowering blood glucose levels, have been
shown to have a number of beneficial cardiovascular effects.
There is evidence that DPP-4 inhibitors improve heart func-
tion in patients with heart disease, reduce blood pressure, and
reduce postprandial lipid levels [38–40]. RCTs have demon-
strated that both DPP-4 inhibitors and GLP-1 agonists to be
safe for the management of hospitalized medicine and surgery
patients [41, 42].

A large trial (n = 277) examined the safety and efficacy of
sitagliptin in medical and surgical patients with a wide range
of presenting A1C. Patients were randomized to once-daily
basal-bolus insulin plus sitagliptin versus basal-bolus insulin
alone. There was no difference in mean daily BG levels or
incidence in hypoglycemia between groups; however, the
sitagliptin arm required a lower total daily dose of insulin as
well as decreased number of correctional injections [43]. An
open-label multicenter RCT examining linagliptin, specifical-
ly in surgical patients with admission BG 140–400 mg/dL
(7.8–22.2 mmol/L), resulted in fewer hypoglycemic events
as compared to basal-bolus therapy [44]. Continuing DPP-4
medications in diabetic surgical patients on the day of surgery
is not more likely to cause hypoglycemia than insulin alone,
and may decrease the number of injections needed to keep

blood glucose levels within a target range. These agents can
be safely taken on the day of surgery and continued through-
out the surgical period.

GLP-1 agonists have additionally been studied in the hos-
pital setting, including patients undergoing coronary artery
bypass grafting (CABG). Mean blood glucose levels between
those randomized to exenatide plus insulin infusion, versus
insulin infusion only, do not demonstrate superiority in
achieving target blood glucose levels. Subjects in the
exenatide arm did receive less insulin, and time to insulin
commencement was longer [45]. Liraglutide initiation the
day prior to non-cardiac surgery (as compared to an insulin
infusion or 50% of home-dose basal insulin) demonstrated
lower blood glucose levels on the first postoperative day, no
difference in hypoglycemia, and no association with postop-
erative complications [46]. However, in this study, as well as a
RCT examining surgical patients administered twice daily
exenatide, GLP-1 agonist use was associated with increased
nausea [42]. This side effect has been reported in the outpa-
tient setting, but appears to be transient and can be prevented
with gradual up-titration of the medication. Nausea may be
less pronounced in individuals on long-standing therapy ver-
sus day of surgery initiation. Caution should however be
exercised in patients at high risk for impaired bowel motility
following surgery, and if perceived risk is high, holding GLP-
1 agonists may be prudent.

Insulin

DM1 and DM2 patients should continue their insulin therapy
in the preoperative period to minimize hyperglycemia on the
day of surgery. An observational study examining fasting pa-
tients on the morning of surgery revealed that patients that
hold evening basal insulin arrive with significantly higher
blood glucose levels than those taking 50–75% of their basal
insulin. Those taking no basal insulin presented for surgery
with an average blood glucose level of 274 mg/dL
(15.2 mmol/L) [47].

A 25% reduction in long-acting insulin dose the evening
before surgery improves glycemic control without an increase
in hypoglycemia on the day of surgery [47, 48] and is recom-
mended by the Society for Ambulatory Anesthesia (SAMBA)
[20]. NPH and mixed insulin should also be dosed at 80% of
normal dose the evening prior to surgery. Prandial insulin
should be held when fasting begins.

The morning of surgery, patients on twice-daily dosing of
basal insulin should take 80% of their morning dose. If morn-
ing blood glucose is > 120 mg/dL (6.7 mmol/L), NPH and
mixed insulin should be reduced to 50% of usual dose [49].
To minimize the risk of hypoglycemia, NPH and mixed insu-
lin are held if BG < 120 mg/dL (6.7 mmol/L) [27].

Ultra-long-acting insulins, including insulin glargine U300
(Toujeo) and insulin degludec (Tresiba), are a new class of
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basal insulin gaining popularity for treatment of diabetes.
Glargine U300 is three times as potent as glargine U100
(300 units/mL compared to 100 units/mL), allowing for small-
er injection volumes. Glargine U300 has a slower onset of
action (6 h) compared to glargine U100 (2–4 h) and longer
duration of action (30 h) with a decreased peak effect [50].

Insulin degludec, which comes in both 100 units/mL and
200 units/mL formulation, has a 2-h onset, 25-h half-life, and
42 h duration of action at steady state, which is typically
reached in 2–3 days. Analyzed in the outpatient setting over
the course of 1 year, insulin degludec was associated with
fewer episodes of hypoglycemia (BG < 56 mg/dL,
3.1 mmol/L) compared to insulin glargine U100 [51]. Rates
of severe hypoglycemia appeared similar between groups, but
there were too few incidents to be comparatively assessed.

Data regarding ultra-long-acting insulin use in the inpatient
or surgical setting is lacking, and there are limited dosing
recommendations in the perioperative period. Given the avail-
able data and known pharmaco-dynamics and kinetics of the
drugs, ultra-long-acting insulin can be managed similarly to
other basal insulins. A 20% reduction in usual dose is recom-
mended prior to surgery. Further studies are underway to eval-
uate dosing regimens for ultra-long-acting insulin in hospital-
ized medical and surgical patients.

Intraoperative Glycemic Management

Management of intraoperative blood glucose will vary based
on a patient’s diabetes status, home management, type and
duration of surgery, anesthetic technique, and anticipated post-
operative fasting duration. Although there is no consensus on
the ideal blood glucose level, a number of societies recom-
mend maintaining blood glucose levels < 180 mg/dL
(10 mmol/L), including SAMBA [20], the AACE [52], the
Society for Thoracic Surgery [53], and the Joint British
Diabetes Society [29]. The 2019ADAGuidelines recommend
treatment initiation at 180 mg/dL (10 mmol/L) with an accept-
able perioperative BG range 80–180 mg/dL (4.4–
10.0 mmol/L) [16••]. The Society of Critical Care Medicine
recommends maintaining blood glucose < 150 mg/dL
(8.3 mmol/L) in critically ill patients [54]. For patients without
a diagnosis of diabetes, data in the cardiac surgery population
showed improved outcomes in non-diabetic patients whose
blood glucose was controlled between 110 and 140 mg/dL
(6.1–7.8 mmol/L) [55]. There is a paucity of data examining
outcomes in general surgery patients when blood glucose tar-
gets are maintained in the 110–140mg/dL vs. 140–180mg/dL
range.

Hyperglycemia (blood glucose > 180 mg/dL, 10 mmol/L)
should be treated with subcutaneous (SC) rapid-acting insulin
or continuous infusion of regular insulin. Insulin infusions
have been demonstrated to be the best method for achieving

glycemic targets in critically ill patients [52] and are thus rec-
ommended in patients presenting to the operating room un-
dergoing procedures with anticipated hemodynamic changes,
fluid shifts, significant blood loss, need for inotropes or vaso-
pressors, and lengthy operative times [27]. These factors im-
pact the absorption and distribution of SC insulin and result in
unpredictable pharmacodynamics. The short half-life of regu-
lar IV insulin allows for rapid titration of the medication to
adjust for changing conditions in the operating room.

In non-critically ill patients undergoing surgeries without an-
ticipated hemodynamic instability, large fluid shifts, or prolonged
postoperative fasting times, or in short ambulatory procedures
(less than 4 h), SC insulin is recommended over IV insulin infu-
sion for treatment of hyperglycemia [20, 52]. Advantages of SC
rapid-acting insulin include ease of administration, low rate of
hypoglycemia, and efficacy in correcting hyperglycemia [56].

SC insulin dosing should be based on a patient’s anticipat-
ed insulin sensitivity. The following formula can be used to
calculate the correctional dose of SC insulin: measured glu-
cose − 100/insulin sensitivity factor. Insulin sensitivity factor
is 1800 divided by patient’s total daily dose (TDD) of insulin,
which includes basal, prandial, and correctional insulin. If
TDD is not available or the patient is on oral medication, an
insulin sensitivity factor can be estimated based on the pa-
tient’s medical history. Table 4 provides an example of our
institutional correctional insulin scale. This can be used on
the day of surgery to calculate subcutaneous insulin for those
who meet the criteria. When using rapid-acting insulin, blood
glucose should be checked at least every 2 h. Dosing of rapid-
acting insulin should not occur more frequently than every 2 h
to decrease the risk of hypoglycemia from insulin stacking,
and no more than two doses should be provided to an anes-
thetized patient to limit the risk of hypoglycemia [27]. See
Fig. 1 for the intraoperative hyperglycemia treatment algo-
rithm used at our institution.

Special consideration should be given to type I DM pa-
tients presenting for surgery. While often diagnosed in child-
hood, DM1 can develop at any age and is the result of an
autoimmune process that destroys the beta cells of the pancre-
as. Insulin is required to treat DM1 and prevent ketoacidosis in
the perioperative period. Dosing should be matched to the
patient’s sensitivity scale because these patients have higher
rates of both hyper- and hypoglycemia as compared to DM2
[57].

Intraoperative Blood Glucose Testing

Hypoglycemia

Level 1 hypoglycemia is defined as BG ≤ 70 mg/dL
(3.0 mmol/L) [16••] and can be difficult to recognize in the
anesthetized patient. Symptoms such as tremor, anxiety,
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palpitations, or sweating are not present in those under general
anesthesia. Care must be taken to appropriately monitor pa-
tients with diabetes and those administered insulin in the peri-
operative period. Factors that have been demonstrated to con-
tribute to intraoperative hypoglycemia include aggressive tar-
get blood glucose levels, poor team communication, adminis-
tration of prandial insulin in fasting patients, failure to monitor
patients appropriately, drug error, and interruption of enteral
or parental nutrition [58, 59]. Strategies to reduce the risk of
hypoglycemia include close BGmonitoring, moderate (versus
intensive) BG targets, and clear communication between

healthcare providers [58, 59]. Institutions should standardize
algorithms for the treatment of hypoglycemia and define im-
mediate correctional medications/fluids, frequency of repeat
BG testing, and discontinuation of insulin therapy. An exam-
ple of an operating room algorithm for the management of
intraoperative hypoglycemia is outlined in Fig. 1.

Intravenous Dexamethasone

Dexamethasone is administered to prevent postoperative nau-
sea and vomiting (PONV), to augment analgesics in reducing

Table 4 Sample correctional SC insulin scale

Insulin sensitive Usual insulin Insulin resistant

Risk factors • Age > 70
• GFR < 45 mL/min
• No history of DM
• BMI < 18 kg/m2

• BMI > 35 kg/m2

• Home total daily dose insulin > 80 U
• Steroids > 20 mg prednisone daily

Insulin dose (Measured glucose − 100)/50 (Measured glucose − 100)/40 (Measured glucose − 100)/30

If patient has risk factors in more than one group, choose the correctional scale with lowest insulin dose to minimize risk of hypoglycemia

Adapted from Emory University Hospital Perioperative Rapid-Acting Correctional Insulin Scale

GFR glomerular filtration rate, mL milliliter, min minute, BMI body mass area, kg kilograms, m meters, U units, mg milligrams

Fig. 1 Intraoperative hyperglycemia treatment algorithm. BG = blood glucose; CSII = continuous subcutaneous insulin infusion; DM = diabetes
mellitus; IV = intravenous; OR = operating room; PACU = post-anesthesia care unit; q2h = every 2 h; q15min = every 15 min
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postoperative pain, and to reduce post-extubation stridor and
airway edema. Given its propensity to exacerbate hyperglyce-
mia, clinicians should evaluate its risk versus benefit ratio in
the perioperative period.

The literature evaluating steroid use in anesthetized pa-
tients commonly delineates doses into intravenous dexameth-
asone equivalents: low dose < 8 mg, intermediate dose 8–
16 mg, and high dose > 16 mg. The varied dosing ranges have
been examined, and while data is mixed, increasing dexa-
methasone dose appears to increase the risk of developing
hyperglycemia in both diabetic and non-diabetic patients
[60]. At the three varied dosing ranges, there is a significant
rise in blood glucose levels as compared to patients not ad-
ministered dexamethasone, with the weighted mean differ-
ence being approximately 14 mg/dL (0.8 mmol/L) in non-
diabetic and 30 mg/dL (1.7 mmol/L) in diabetic patients.

DM2 patients randomized to dexamethasone 8 mg IV as
prophylactic therapy for PONV demonstrated a mean BG of
30 mg/dL (1.7 mmol/L) higher than those randomized to 4 mg
IV ondansetron. The non-diabetic patients also demonstrated
an increase in blood glucose (23.5 mg/dL, 1.3 mmol/L) [61].
However, while doses upwards of 8 mg IVof dexamethasone
are used for prophylactic therapy, the current recommended
dose of dexamethasone by SAMBA is 4–5 mg [20].
Compared to 4–5 mg, 8–10 mg IV dexamethasone is associ-
ated with a 25-mg/dL (1.4 mmol/L) greater increase in blood
glucose [62].

Given the elevated blood glucose levels seen in patients
administered IV dexamethasone in conjunction with the
drug’s immunologic side effects [63], concerns have been
raised regarding increased risk of surgical site infection
(SSI). A 2017 meta-analysis of RCTs examining various
doses of dexamethasone in the perioperative period found no
difference in the incidence of infection [60]. The ENIGMA-II
trial, an international RCT examining postoperative cardiac
events in patients undergoing nitrous anesthetic, performed a
post hoc sub-analysis of 2178 (of 5499) patients receiving
dexamethasone (En-DEX) and found no increase in infection
in those given dexamethasone [64]. It is notable, however, that
the patients were not randomized to dexamethasone in this
study and anesthesiologists were less likely to choose this
agent as PONV prophylaxis in diabetic patients or those with
concurrent infection. Subgroup analysis by diabetic status in-
dicated no difference in wound infection.

The Perioperative Administration of Dexamethasone and
Infection (PADDI) Trial is a large RCT currently underway to
specifically examine the impact of dexamethasone on SSI
(Clinical Trials.gov).

Perineural Dexamethasone

Perineural dexamethasone is a common adjuvant to local an-
esthetics for peripheral nerve blockade in upper extremity

surgery because it prolongs the duration of sensory block
and may be effective in reducing postoperative pain and opi-
oid consumption [65]. Compared to intravenous dexametha-
sone administered to patients undergoing extremity block,
perineural dexamethasone displays equivalent block duration
and reduction of pain intensity.

There are limited studies evaluating the impact of perineu-
ral dexamethasone and blood glucose levels. Duration of an-
algesia is the most common primary study outcome with lim-
ited studies examining intravenous versus perineural dexa-
methasone on hyperglycemia as a secondary outcome. A com-
parison of 30 mL 0.5% ropivacaine for interscalene block to
0.5% ropivacaine with concomitant administration of 10 mg
perineural dexamethasone resulted in an increase of mean
postoperative blood glucose of 3.8 mg/dL (0.2 mmol/L)
[66]. Of note, diagnosed diabetes was an exclusion criterion
for the study. At smaller doses, 5 mg dexamethasone given IV
or perineurally with interscalene block also caused a statistical
increase in blood glucose values from baseline (9.6 mg/dL,
0.5 mmol/L, in the IV group, and 7.4 mg/dL, 0.4 mmol/L, in
the perineural group) [67]. Patients with “uncontrolled diabe-
tes mellitus” were excluded from the study, but this was not
defined by the authors and blood glucose levels were not
analyzed by diabetes status.

The minimal data available examining the impact of peri-
neural dexamethasone on blood glucose limits recommenda-
tions for its use in diabetic patients; however, trials are under-
way examining its impact on blood glucose levels during the
surgical period which will better determine its safety in pa-
tients at risk for hyperglycemia.

Insulin Pumps and Continuous Glucose Monitors

Insulin pumps (also called continuous subcutaneous insulin
infusion therapy, CSII) are being used increasingly for patients
with both DM1 and DM2 to deliver continuous basal rapid-
acting insulin. Up to 400,000 DM1 patients in the USA use
insulin pumps [68]. Traditional insulin pumps have a reservoir
attached to the body with tubing and can be programmed to
deliver bolus doses at mealtimes. Insulin patch pumps also
have a reservoir, but are wirelessly controlled by a separate
device, including continuous blood glucose monitors (CGM).
Often referred to as sensor-augmented pumps, CGM and CSII
can be integrated to suspend insulin delivery if glucose levels
reach a preset low threshold level.

While strategies to maintain CSII in the inpatient setting
have been published [69], there is limited data on the use of
CSII on the day of surgery. Validated approaches have not
been published extensively, and there is wide variation in
practice [70]. Therapeutic options for patients on insulin
pumps include continuing the pump throughout the perioper-
ative period, discontinuing the pump, and using an intrave-
nous insulin infusion or using injectable subcutaneous insulin
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in lieu of or in addition to the insulin pump. The course of
action depends upon the type of surgery, the ability of the
provider to safely operate the pump, the expected fasting pe-
riod, and the timing required until the patient can again safely
control the pump following surgery.

There are a number of limitations for CSII use in the peri-
operative environment similar to the constraints listed for in-
traoperative injectable SC rapid-acting insulin. CSII should be
converted to an intravenous insulin infusion in patients with
critical illness, hemodynamic instability, large fluid shifts, and
operative time > 3 h (Fig. 1). Given the unpredictable com-
plexity of the case and the severity of patient illness, emergen-
cy surgery patients with an insulin pump should be converted
to intravenous insulin infusion. Access to the pump should be
considered by the surgical team; if the pump or insertion site is
in the surgical field, it will need to be removed. As per the
device manufacturer’s recommendations, the device can be
inserted in an alternative location (arm or leg) for abdominal
surgeries [71]. When monopolar electrocautery is to be used,
the electrical arc (monopolar electrocautery tip to grounding
pad) should not encompass the pump. It may be best to re-
move the pump to prevent damage to the device if the pump
cannot be moved to avoid the electric arc. Pump manufac-
turers recommend the device be removed to avoid exposure
to radiation; patients undergoing procedures involving com-
puted tomography, magnetic resonance imaging, or fluoros-
copy will need alternative insulin therapy. Additionally, plans
need to be made to transition pump care back to the patient
when recovered from anesthesia.

The SAMBA consensus statement advocates the use of
CSII continuation [20]. If the pump is not in the surgical field,
and the patient and surgerymeet the criteria for SC insulin use,
a patient’s home pump can be continued in the operating
room. It is paramount in this case that the anesthesiologist
managing the device is familiar and comfortable with the
pump. A retrospective study of 92 surgical cases found intra-
operative mean BG levels between CSII and insulin infusion
to be the same [72]. Sobel et al. demonstrated in 43 surgical
cases treated with CSII a first mean postoperative BG of
173 mg/dL (9.6 mmol/L) in DM1 and 182 mg/dL
(10.1 mmol/L) in DM2 (target study BG ≤ 200 mg/dL,
11.1 mmol/L). No patient suffered from an episode of intra-
operative hypoglycemia [73]. Additional subcutaneous insu-
lin was provided by the anesthesiologist for BG > 200 mg/dL
(11.1 mmol/L), or an insulin infusion was initiated if the pro-
cedure lasted > 2 h and patient had one BG measurement >
250 mg/dL (13.9 mmol/L).

Blood glucose should be tested hourly to ensure
euglycemia. Hyperglycemia can be treated with a bolus deliv-
ered directly from the pump given no more frequently than
every 2 h. Correctional boluses are limited to a maximum
number of two doses to limit insulin stacking. If hyperglyce-
mia persists despite bolus dosing and basal infusion, the pump

should be suspended and an IV insulin infusion started.
Providers should also be aware that DM1 patients often aim
for tight control (80–110 mg/dL, 4.4–6.1 mmol/L) which is
too low for a hospital setting. The basal rate may need to be
adjusted to 80% of its baseline in surgical patients if the pump
is continued [16••]. The pump should be stopped in the oper-
ating room for BG < 100 mg/dL (5.5 mmol/L).

CGM devices are typically minimally invasive and
measure glucose in the interstitial fluid, most commonly
every 5 min [68, 74]. There is limited data exploring
the accuracy of sensors during hypotension, hypother-
mia, and hypoxia, events that may be encountered dur-
ing a surgical course. There are also a number of other
medications used frequently in the perioperative period
(mannitol, heparin, acetaminophen, and dopamine)
which may interfere with CGM results. The Consensus
Statement on inpatient use of CGM does not specifical-
ly address patients in the operating room; however, the
panel cautions the use of these devices in critically ill
patients [74]. At this time, arterial blood gas samples,
venous phlebotomy, and point-of-care testing remain the
standard testing modality in operating rooms in patients
with CGM devices. Continued investigation is underway
examining the accuracy and safety of CGM in the op-
erating room.

Enhanced Recovery After Surgery Carbohydrate
Loading

Enhanced recovery after surgery (ERAS) programs are multi-
modal perioperative care pathways designed to achieve early
recovery following a surgical procedure. These often include
preoperative carbohydrate (CHO) loading, frequently
maltodextran solutions, given the evening before surgery
(800 mL with 100 grams (g) CHO) and again in the morning
2–3 h prior to surgery (400 mL with 50 g CHO). CHO-rich
fluids are advised in ERAS pathways to prevent dehydration,
improve patients’ sense of well-being [75], and keep patients
in a “fed” versus “starved” state. Widespread adoption of car-
bohydrate drinks prior to surgery has also been demonstrated
to decrease insulin resistance, maintain glycogen reserve, and
decrease protein breakdown following surgery [76].
Additionally, clear liquids administered up to 2 h prior to
surgery are accepted safe care and supported by practice
guidelines from the American Society of Anesthesiologists
(ASA) and European Society of Anesthesiology [77, 78].

The ERAS society guidelines support carbohydrate
loading up until 2–4 h prior to surgery in multiple proce-
dure types including gynecologic, colorectal, and thoracic
[79–81]. The recommendations are less clear for patients
with known diabetes, and at this time, CHO loading has
only a class IIb recommendation in cardiac surgery pa-
tients [82]. A 2014 Cochrane analysis of 1976 patients
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in 27 trials using complex carbohydrates concluded that
compared to placebo or fasting, there was a small reduc-
tion in length of stay (LOS). However, it did not decrease
perioperative complications, impact patient reports of
well-being, or decrease the incidence of PONV [83]. Of
note, 26 of the included studies did not represent patients
with impaired glucose tolerance: 1 excluded DM1, 20
excluded all types of diabetes, and 4 excluded patients
with abnormal fasting glucose. A network meta-analysis
of 43 trials additionally assessed varied doses of carbohy-
drate load to the fasting state and found a moderate re-
duction in LOS [84]. However, compared to water, CHO
loading demonstrated no reduction in LOS and failed to
influence the rate of complications. This questions if
allowing water (safe in diabetic patients) may provide
the same benefit as preoperative carbohydrate drinks.

A recent placebo-controlled RCT did demonstrate that oral
CHO load was effective to avoid BG > 180 mg/dL in the peri-
operative period, but did not affect the risk of postoperative
infection. Diabetic patients were excluded from the study [85].
Current ADA guidelines recommend against carbohydrate
drinks (including sports drinks) in diabetic patients to limit
the development of hyperglycemia. Currently, there is a pau-
city of evidence examining preoperative carbohydrates in di-
abetic patients to determine if the same hyperglycemic effect
occurs on the day of surgery. More data is needed to determine
if routine use of preoperative CHO loading is safe in patients
with diabetes.

Conclusion

Hyperglycemia is a common occurrence in the perioperative
period and is associated with increased risk of complications.
Correcting hyperglycemia (BG > 180 mg/dL, 10 mmol/L)
with insulin administration has been shown to improve out-
comes. While current targets range from 110 to 180 mg/dL
(6.1–10 mmol/L), this may change in varied populations as
further data emerges. Managing perioperative hyperglycemia
is a multi-disciplinary effort, and consequently, it is important
for hospitals and medical providers to create appropriate insti-
tutional protocols for hyperglycemia screening, monitoring,
and treatment to improve patient care.
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