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LESSON OBJECTIVES
Upon completion of this lesson, the reader
should be able to:
1. Discuss the magnitude of the problem of

diabetes mellitus (DM).
2. Describe the pathophysiology of DM.
3. Identify the diagnostic criteria for DM.
4. Describe the manifestations of DM.
5. Plan the anesthetic management of a

patient with DM.

 6. Outline the available treatments for DM.
 7. Describe glycemic control in special cir-

cumstances and populations.
 8. Explain the controversy over glycemic

control in the intensive care unit (ICU).
 9. Distinguish between diabetic ketoacido-

sis and a hyperglycemic hyperosmolar
state.

10. Describe the management of glycemic
emergencies.

Anesthesia for the
Patient with Diabetes Mellitus

Mark T. Keegan, MB, MRCPI, MSc
Associate Professor of Anesthesiology

Division of Critical Care and South Division of Anesthesia
Department of Anesthesiology

Mayo Clinic
Rochester, Minnesota

Current Reviews for Nurse Anesthetists  designates this lesson ®

for 1 CE contact hour in Clinical pharmacology/therapeutics.

Introduction
The prevalence of diabetes mellitus (DM) has
reached epidemic proportions.  In the United States,
the number of individuals with diagnosed DM is ex-
pected to triple over the next four decades, increasing
from 16 million in 2005 to 48 million in 2050.  One of
every three children born after 2000 in the United
States  will  develop  DM.  Compared  with  non-
diabetics, patients with DM have more hospi-
talizations,  more  surgical  procedures—with
a greater length  of  stay  and increased  need
for ICU care—and a shortened life expectancy
overall.  It is not surprising, therefore, that the
anesthesia provider will frequently encounter
patients with DM in the perioperative setting.

Type 1 and Type 2 Diabetes Mellitus
Secreted from pancreatic beta-cells, insulin—

“the hormone of plenty”—has a myriad of effects.  In
the liver, insulin inhibits glucose production and

promotes its metabolism and storage as glycogen.  It
also promotes triglyceride and very low density lipo-
protein synthesis.  In muscle, insulin increases pro-
tein and glycogen synthesis and in adipose tissue, it
increases triglyceride storage.  DM develops when
there is an absolute or relative deficiency of insulin,
or the presence of insulin resistance.  In the United
States, 0.4% of the population has Type 1 diabetes
mellitus (DM1) and 8-10% has Type 2 diabetes
mellitus (DM2).  In addition, insulin resistance is a
feature of the metabolic syndrome, a cluster of re-
lated cardiovascular risk factors seen in 20-25% of
the United States population.

In patients with DM1, there is an obligate need
for insulin.  DM1 is thought to be an autoimmune
process directed against pancreatic islet cells.  Auto-
antibodies are usually—but not always—present.
The onset is frequently during childhood, although
one-third of the cases present in adults.  Compared
with patients with DM2, those with DM1 are more
prone to the development of diabetic ketoacidosis
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Treatment of Diabetes Mellitus

Therapeutic Goals
The American Diabetes Association (ADA) pub-

lishes management guidelines for healthcare pro-
fessionals on a yearly basis.  The ADA recommends
the following long-term goals:  HbA1c < 7%, pre-
prandial capillary glucose 70-130 mg/dl and peak
post-prandial plasma glucose < 180 mg/dl.  A variety
of drugs and dosing regimens can be used to achieve
these glycemic targets depending on multiple factors
including age, compliance, frequency of significant
hypo- and hyperglycemia, and associated medical
conditions.

In addition to diet, which is a mainstay of man-
agement, there are many pharmacologic interven-

tions for the treatment of DM and the anesthesia
provider should appreciate the potential perioper-
ative impact of such therapies.  Drugs used for the
management of DM with their suggested perioper-
ative management are shown in Table 2.

The prevalence of diabetes mellitus (DM)
has reached epidemic proportions.

Insulin
The discovery of insulin in the 1920s represents

a major milestone in medicine.  Insulin is now pre-
pared by recombinant DNA techniques.  “Purified”
insulin contains less than 10 ppm of proinsulin.
Refrigeration is recommended but not crucial.  The

Table 2
Drugs Used for the Management of Diabetes Mellitus

� Sulfonylureas
# Stimulate insulin release in pancreatic beta-cells and decrease hepatic insulin clearance.

< First generation:  tolbutamide (Orinase®), chlorpropamide (Diabinese®, Insulase®), tolazamide
(Tolinase ®), and acetohexamide (Dymelor®)

< Second generation:  glyburide (Diabeta®, Glynase®, Micronase®, Glycron®), gliclazide
(Diamicron®), glipizide (Glucotrol®), and glimepiride (Amaryl®)

# May cause hypoglycemia, especially in elderly patients who have renal or hepatic dys-
function.  Degree of cardiovascular risk associated with long-term use of sulfonylureas 
is controversial.

# Omit on the day of surgery.  Chlorpropamide should be held for 2 days prior to surgery.
� Biguanide

# Decreases hepatic glucose output and sensitizes peripheral tissues to insulin effects.
< Metformin (Glucophage®, Fortamet®, Glumetza®, Riomet®)

# Does not stimulate insulin release and so is very unlikely to cause hypoglycemia.  Rarely
causes lactic acidosis.  Discontinue if patient develops sepsis or myocardial infarction.

# Omit on the day of surgery if possible.
� Thiazolidinediones

# Act at extra-pancreatic sites to increase insulin sensitivity and decrease hepatic gluco-
neogenesis.
< Pioglitazone (Actos®), rosiglitazone (Avandia®)

# May induce liver dysfunction—contraindicated in hepatic disease.  Rosiglitazone is
restricted because of adverse cardiovascular effects.

# Omit on the day of surgery
� Meglitinide analogs and D-phenylalanine derivatives

# Stimulate pancreatic insulin production.
< Repaglinide (Prandin®) - meglitinide analog, Nateglinide (Starlix®) - D-phenylalanine derivative

# May cause hypoglycemia (especially repaglinide)
� Alpha-glucosidase inhibitors

# Decrease gastrointestinal digestion of carbohydrates and absorption of disaccharides.
< Miglitol (Glyset®), acarbose (Precose®)

# When administered alone, do not cause hypoglycemia and may be administered on the 
day of surgery.

� Incretins and amylins
# Gastrointestinal hormones that augment glucose-dependent insulin secretion.

< Exenatide (Byetta ®, Bydureon®), sitagliptin (Januvia®), and pramlintide (Symlin®)
# Increase postoperative nausea and vomiting, increase chance of aspiration, may cause

hypoglycemia.
# Omit on the day of surgery.

� Insulins (see Table 3)
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usual concentration is 100 units/ml.  Insulin is a
drug for which there is a high risk of dosage admin-
istration errors.  Although the route is not approved
by the Food and Drug Administration, regular insu-
lin is often administered intravenously during the
perioperative period, during labor and delivery, for
the treatment of diabetic ketoacidosis and as an
infusion in the intensive care unit (ICU).

Diabetes mellitus is a “clinical risk factor”
in the American College of Cardiology/
American Heart Association perioperative
risk stratification scheme.

When injected intravenously, insulin has a
plasma half-life of 5-6 min.  It is degraded in liver,
kidney and muscle.  When renal function is severely
impaired, insulin requirements decrease because of
reduced breakdown.  Liver metabolism of insulin
operates at near maximal capacity and cannot com-
pensate for loss of renal function.  Although insulin
is cleared relatively quickly from the circulation, its
biological effects persist for 30-60 min because it
binds tightly to tissue receptors. Subcutaneous injec-
tion of insulin leads to slow release into the circu-
lation and a sustained pharmacologic effect.  A sum-
mary of insulin preparations is provided in Table 3.

Diabetes and the
Perioperative Period

Hyperglycemia contributes to immune dys-
function, impaired wound healing, osmotic
diuresis and electrolyte abnormalities and has
been associated with an increased risk of
adverse outcomes (infection, increased length
of stay, mortality) in hospitalized patients.
Some regulatory authorities (e.g., the Joint Commis-
sion Surgical Care Improvement Project, National
Quality Forum, etc.) have highlighted perioperative
glycemic control as a quality measure.

DM is incorporated into some perioperative car-
diovascular risk indices and is a “clinical risk factor”
(along with history of ischemic heart disease, con-
gestive heart failure, cerebrovascular accident, and
renal impairment) in the American College of Car-
diology/American Heart Association perioperative
risk stratification scheme.  Depending on the pre-
sence or absence of end-organ derangement,
DM may impact anesthetic drug choice and
dosage, and may have implications for electro-
lyte and fluid management.  Vascular access may
be a challenge in patients with DM.  These con-
siderations are in addition to considerations regard-
ing perioperative glycemic control.

Table 3
A Summary of Insulin Preparations 

(Based on Joshi GP et al.)

Insulin Preparation Onset Peak Duration

Rapidly acting insulin analogs—Identical to human insulin except for amino acid substitutions at one or
two positions

Lispro (Humalog®), Aspart (NovoLog®), glulisine (Apidra®) 5-15 min 30-90 min 3-4 hr

Regular insulin

Crystalline zinc preparation 30-60 min 2-3 hr 6-10 hr

Intermediate acting insulins—Designed to dissolve gradually when administered SQ

NPH (Humulin N®, Novolin N®, Novolin NPH®)—crystalline
zinc and protamine zinc

Lente (Humulin L®, Novolin L®)—crystallized and amorphous
insulins in acetate buffer)

2-4 hr 6-7 hr 10-20 hr

Long-acting insulins—Provide low basal insulin concentrations throughout the day
Ultralente insulin (extended insulin zinc suspension)—not available now
Long-acting insulin analogs (synthetic, peakless insulins)

Glargine (Lantus ®) 1.5 hr flat ~ 24 hr

Detemir (Levemir®) 1 hr flat 20 hr

Mixed preparations

NPH and regular 30-90 min dual 10-16 hr

Intermediate and rapid 5-15 min dual 10-16 hr

Inhaled insulin—Rapidly acting, useful for patients with needle phobias and severe lipodystrophy.
Approved for pre-prandial use. Safety concerns (lung cancer risk) has limited its use.
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Glycemic control in the perioperative
period may be altered by the diabetes itself, by
preoperative and postoperative fasting, by
immobilization  with its  consequent decrease
in carbohydrate consumption and by the hor-
monal and metabolic response to surgery.
Anesthetic drugs, of themselves, have minimal
effects on glycemic control.  There have been a

number of relatively recent excellent reviews of peri-
operative glycemic management (see References).

The major goals of management of DM in the
perioperative period are avoidance of hypoglycemia
(most important), avoidance of excessive hyper-
glycemia (which may lead to delayed wound and
anastomosis healing and myocardial and cerebral
compromise), avoidance of electrolyte loss and pre-
vention of lipolysis and proteolysis.  Considerations
for the preoperative assessment of patients with DM
are listed in Table 4.

It should be noted that point-of-care glucose
measurement devices have significant allowable
error (± 20%), and this may be especially important
at the lower end of clinical relevance when an
apparently normal bedside glucose value may be
reported in the presence of patient hypoglycemia.

Perioperative Management of
Patients with DM (Table 5)

Patients Controlled with Diet Alone
No special precautions are required unless gly-

cemic control is markedly disturbed by the procedure
(e.g., pancreatectomy).  Glucose should be checked
before and after the procedure, and intraoperatively
if the procedure is prolonged.  If control is markedly
disturbed, small doses of regular insulin may be
administered as required.

Patients with DM2
If patients with DM2 are taking oral hypogly-

cemic agents (OHAs), they should be continued until
the evening before surgery except in the cases of
metformin (because of the small risk of perioperative
lactic acidosis) and chlorpropamide (which has a long
duration of action).  Ideally, these two drugs should
be discontinued two days before surgery, although in
the “real world” this often does not happen.  De-
pending on the duration of fasting, initiation of a
dextrose infusion should be considered to avoid cata-
bolic effects.  Small doses of regular insulin should be
administered as required to attain and maintain

Table 5
Scheme for the Perioperative Management of Patients with DM

(Based on Afifi S in Fleisher LA. Evidence-based Practice of Anesthesia, WB Saunders 2004)

Duration, Complexity, Scheduling Diabetes Regimen Recommendations
Short procedure, early morning Delay diabetes regimen

Short procedure, late morning
or afternoon

Oral agents Hold oral agents

Single insulin dose 1/2 daily dose

Multiple insulin doses 1/3 morning/lunch dose

Complex, long procedure Oral agents Hold oral agents

Insulin Continuous IV insulin

Table 4
Preoperative Assessment

of the Patient with DM

Ideally, the following should be ascertained
prior to anesthesia.  It is recognized that
comprehensive preoperative laboratory
evaluation may not be possible, depending
on the circumstances, but at a minimum
serum glucose concentration should be
measured.
# Diabetes Type—Patients with DM1 are

at risk for ketosis if insulin is not admin-
istered, and this risk increases during the
stress of surgery

# Methods of treatment, methods of home
monitoring, level of control

# Medications used— both anti-diabetic
and medication for associated diseases

# End-organ damage, specifically focusing
on cardiovascular and renal disease,
neuropathy and musculoskeletal issues

# Blood glucose—fasting and, if possible,
post-prandial 

# Assessment of glycemic control can be
obtained by urinalysis looking for ketones
and albumin, and serum analysis for BUN,
creatinine, electrolytes, and hemoglobin. 
An ECG and HbA1C are also useful tests,
and ideally, would be available.  In many
cases, however, a morning blood glucose 
on the day of surgery will be all that is
available.
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normoglycemia.  If control is deemed to be inade-
quate an insulin/dextrose infusion (see below) should
be initiated.  OHAs should be restarted when the
patient is eating postoperatively.

Patients Receiving Insulin
It has been recommended that those patients

with DM2 who are receiving insulin and those with
DM1 should be scheduled for early in the surgical
day to limit the duration of fasting, and this seems
sensible.  A patient with well-controlled DM1 under-
going a brief outpatient procedure may not require
any adjustment to their regular routine.  In a patient
with poorly controlled DM1, however, admission
should be considered to optimize the diabetes regi-
men prior to surgery.  Whether or not to omit long-
acting insulin preparations is somewhat contro-
versial.

The major goals of management of DM in
the perioperative period are avoidance of
hypoglycemia, excessive hyperglycemia
and electrolyte loss, and prevention of
lipolysis and proteolysis.

Insulin-requiring patients undergoing mi-
nor surgery.  Half the usual dose of insulin should
be administered on the morning of surgery.  Then an
infusion of 5% dextrose (to provide 5 g of glucose per
hour) should be initiated and blood glucose moni-
tored at regular intervals.

Insulin-requiring patients undergoing ma-
jor surgery.  Such patients should receive a snack at
9 pm on the night before surgery and then remain
fasting.  The morning dose of subcutaneous insulin
should be omitted.  Thereafter, there are two choices:
a dextrose/insulin infusion (± potassium) or separate
infusions of insulin and dextrose.  SQ regimens frac-
tionating usual insulin requirements into preoper-
ative and divided postoperative doses are NOT rec-
ommended as there is inconsistent absorption during
major surgery.

The (modified) “Alberti” regimen is widely used
in Europe and consists of 10 units of regular insulin
in 1 liter D5W or D5/0.45NS, infused at 100-180
ml/hr.  This delivers 1-1.8 units of insulin/hr and
may be continued for several days if required.
Plasma glucose should be checked every 2-4 hr, and
the ratio of insulin:dextrose in the solution may be
altered accordingly.  The alternative is the use of
separate pumps to administer dextrose and insulin
with independent adjustment of each infusion rate
by means of an established protocol.  Hourly glucose
checks should occur.  The maintenance fluid is 5%
dextrose at 100 ml/hr and the insulin infusion is
adjusted according to an algorithm, which may itself
be altered depending on the response.  Postopera-
tively, when adequate oral intake has resumed, SQ
insulin may be restarted.  Intravenous insulin and
dextrose should be stopped 30 min after the first SQ
dose.  Insulin needs may vary during the first few
postoperative days because of perioperative stress
and variable caloric intake.

Special Consideration for Patients with Insulin
Pumps

In recent years, many patients with DM1
have been managed using continuous infusions
of rapidly acting insulin delivered by an exter-
nal pump through a specially developed 25-
gauge SQ catheter.  The site of the catheter is
changed every 2-4 days.  Multiple pump delivery
patterns may be programmed.  Implantable pumps
are in development but are not widely available.
Perioperatively, in patients with insulin pumps, the
basal insulin infusion rate should be maintained and
preprandial boluses should be eliminated.  Glucose
should be measured at least hourly.  Preoperatively,
the anesthesia provider should ascertain the pa-
tient's typical bolus dose to lower glucose by 50 mg/dl
(the “correction factor” or “sensitivity factor”).  Pa-
tients are usually quite knowledgeable in this re-
gard.  A dextrose infusion should be initiated if the
glucose falls below 80 mg/dl, and, obviously, when
possible the preoperative diet should be resumed.

Table 6
Society for Ambulatory Anesthesia (SAMBA) Guidelines for Outpatient Surgery

(Based on Joshi GP et al.)

Insulin Regimen Day Before Surgery Day of Surgery

Pump No change No change

Long acting, peakless No change 75-100% of am dose

Intermediate-acting No change daytime dose 
75% of evening dose

50-75% of am dose

Fixed combination No change 50-75% of am dose of intermediate-acting

Short and rapidly acting No change Hold dose

Non-insulin injectable No change Hold dose
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Society for Ambulatory Anesthesia (SAMBA)
Guidelines

Guidelines have been produced by the Society for
Ambulatory Anesthesia (SAMBA) for the perioper-
ative management of DM patients for outpatient
surgery (Table 6).  The guidelines suggest that oral
anti-diabetic agents and non-insulin injectables
should not be taken on the day of surgery until nor-
mal food intake is resumed.  They state that there
are insufficient data to define a level of glucose or
HBA1C above which a case should be postponed.
According to these guidelines, optimal blood glucose
control is less than 180 mg/dl.  The SAMBA guide-
lines suggest that SQ rapidly acting insulin may be
better in the ambulatory setting and that IV insulin
is NOT recommended.  There are insufficient data to
determine whether an insulin naïve patient should
receive insulin.  Furthermore, the guidelines suggest
ensuring that the possibility of hypoglycemia is
excluded before discharge. 

Glycemic control in the ICU has been a
matter of considerable controversy over
the past decade.

Choice of Anesthetic
There is no evidence that anesthetic tech-

nique affects morbidity or mortality in patients
with DM.  Regional anesthesia avoids airway
manipulation, decreases the surgical stress response
and the risk of thromboembolism, but may increase
cardiovascular instability and possibly exacerbate
peripheral neuropathy.  Anesthetic techniques, drug
choices and doses should be based on the clinical
manifestations of DM (e.g., renal dysfunction, coro-
nary artery disease), patient physiology and the
presence of other medical problems, and the nature
of the surgical procedure.

Laryngoscopy and Intubation
Glycosylation of connective tissue may result in

limitation of joint mobility in 30-40% of patients with
DM1, typically affecting the small joints of the
hands.  The atlanto-occipital and temporo-mandib-
ular joints may be involved, raising the possibility of
difficult intubation.  Obesity in patients with DM2
may also make airway management challenging.
Previously reported rates of difficult intubation in
patients with DM range from 4.8 to 42%, the lower
figure being more representative.  The incidence of
difficult intubation may decrease in the era of video
laryngoscopy.

Postoperative Management
Postoperatively, it is important to successfully

manage nausea and vomiting, as an inability to eat
may seriously complicate glycemic control.  Adequate
analgesia decreases catabolic hormones, but caution

must be exercised with non-steroidal anti-inflam-
matory drugs as pre-existing renal dysfunction may
be present in many patients with DM.

Special Patient Populations
Patients undergoing cardiothoracic sur-

gery.  Compared with non-diabetics, patients with
DM undergoing cardiac surgery have increased
morbidity due to worse myocardial function, a
higher incidence of sternal wound infection, an
increase in postoperative renal failure and
delayed stroke, a longer hospital stay, and
increased costs.  The Society of Thoracic Surgeons
has published guidelines recommending a target
glucose of # 180 mg/dl in patients undergoing cardio-
vascular surgical procedures (Table 7).

The anesthetist should be aware of the
features and treatment of three life-threat-
ening  glycemic  emergencies  which  may
be seen perioperatively.

Patients undergoing neurosurgery.  There is
significant evidence that ischemic brain injury is
worsened by hyperglycemia in the period after the
initial insult.  Diligent monitoring of glucose in
patients  at increased  risk  for  new-onset,  ongoing,
or recurring cerebral ischemia is recommended,
although specific glycemic targets are controversial.

Table 7
Key Points of the Society of Thoracic

Surgeons Glycemic Control Guidelines
for Adult Cardiac Surgery

(Based on Lazar HL et al.)

# Poor perioperative glycemic control 
is associated with increased
morbidity and mortality

# There are beneficial effects of
glycemic control (glucose < 180 mg/dl)
in patients with DM undergoing
cardiac surgery

# Intraoperative glycemic control with
intravenous insulin infusion is not
necessary in patients WITHOUT DM 
if glucose remains < 180 mg/dl

# Glycemic control is best achieved
with an insulin infusion

# All patients WITH DM should receive
an insulin infusion intraoperatively
and for 24 hr postoperatively to
achieve a glucose < 180 mg/dl

# They also made recommendations
regarding glycemic control and
medications preoperatively
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Glycemic control in critical illness.  Critical
illness is associated with an increase in stress
hormones which are antagonistic to the actions of
insulin, and a vicious cycle of acute illness and
hyperglycemia has been described.  Glycemic control
in the ICU has been a matter of considerable con-
troversy over the past decade.  A 2001 single center
study by Van den Berghe suggested that targeting
"tight" glycemic control (80-110 mg/dl) in critically ill
patients improved outcomes.  Over the course of the
subsequent decade, glycemic control targets were
lowered and the use of insulin infusions in the ICU
became commonplace.  Many practitioners extrap-
olated these data and targeted tighter glycemic con-
trol in the operating room.  Quality initiatives also
encouraged tighter glycemic control.  A number of
studies and meta-analyses, however, failed to dem-
onstrate beneficial effects of "tight" glycemic control,
and raised the question of whether the practice was
detrimental because of the potential for adverse
outcomes associated with unintended hypoglycemia.
The NICE SUGAR study, a prospective multicenter,
multi-national randomized controlled ICU trial com-
paring tight glycemic control (target glucose 81-108
mg/dl) with conventional glycemic control (target
glucose < 180 mg/dl) failed to demonstrate a bene-
ficial effect of intensive insulin therapy and, in fact,
demonstrated increased mortality in the intensive
insulin therapy group.  Glycemic variability and the
administration (or not) of parenteral nutrition have
received attention recently as potential confounding
factors in this debate.

Glycemic Emergencies
The anesthetist should be aware of the features

and treatment of three life-threatening glycemic
emergencies which may be seen perioperatively in
patients who present for emergency surgery or which
occur as a result of iatrogenesis. These include hypo-
glycemia (Table 8), diabetic ketoacidosis (Table 9)
and hyperglycemic hyperosmolar state (Table 10).

Operating Room Glycemic Targets
Guidelines from the American Diabetes Associa-

tion and the American Association of Clinical Endo-
crinologists (AACE) do not specifically mention intra-
operative glycemic control targets, although ICU
targets are provided. Both the ADA and the AACE

Table 9
Diabetic Ketoacidosis

! Potentially life-threatening, predomi-
nantly DM1, may occur periopera-
tively, with illness, injury, infection

! Essentials of diagnosis
# Hyperglycemia (> 250 mg/dl)
# Ketonemia
# Metabolic acidosis (serum

bicarbonate usually < 15 mEq/L)
! Polyuria with glycosuria and

ketonuria, polydipsia, fatigue, nausea,
vomiting, stupor, coma, Kussmaul
breathing, “fruity” breath, hypoten-
sion, tachycardia, dehydration due to
osmotic diuresis, hyperosmolality

! Treatment
# Fluid replacement (deficit in most

patients 4-5 L)
< Replace with 0.9% NaCl initially
< 1 L/hr over first 2 hours; 300-400

ml/hr thereafter
< Change to D5W when glucose falls

to < 250 mg/dl (decreases chance of
hypoglycemia, cerebral edema)

# Insulin
< Regular insulin bolus 0.15-0.3

units/kg, then continuous infusion
# Bicarbonate only if severe

acidemia
# K  replacement+

< Total K  loss up to 200 mEq+

< Serum K  normal or slightly ele-+

vated initially.  As acidosis is cor-
rected, hypokalemia may develop.

< 10-30 mEq/hr during second and
third hours of treatment, assuming
urine output adequate. Caution in
renal impairment

# Phosphate replacement—Only if
severe hypophosphatemia

# Treatment of cause

Table 8
Hypoglycemia

# Plasma glucose < 50 mg/dl
# Altered mental status, coma
# Catecholamine release blunted under

anesthesia—more difficult to diagnose
# Common causes in perioperative

period
< Residual OHAs, long-acting insulins
< Over-aggressive treatment of

hyperglycemia
< Decreased caloric intake (e.g., turn 

off total parenteral nutrition)
# Treatment

< Dextrose 50% bolus ± infusion of
D5W/D10W

< If an IV is not in situ, glucagon 1 mg
may be administered IM

< Subsequently, serial glucose
measurements should be made

# A hospital protocol for the treatment
of hypoglycemia should exist, which
allows for immediate treatment of
hypoglycemia without waiting for
prescriber order
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recommend targeting a glucose concentration
between 140 and 180 mg/dl in the ICU.  It is
reasonable to extrapolate to the highly monitored
operating room environment and to recommend a
similar target range (i.e., 140-180 mg/dl), which
attempts to minimize the consequences of hyper-
glycemia while avoiding potentially catastrophic
hypoglycemia.

Summary
DM is very common and its prevalence is increasing.
In DM1 there is an obligate need for insulin; patients
with DM2 may be managed with diet, oral agents,
and/or insulin.  The presence of end-organ damage
may affect perioperative care.  The appropriate peri-
operative therapeutic regimen depends on patient
and procedural factors.  Targets for perioperative
glycemic control are controversial but a range of 140-
180 mg/dl seems reasonable.  Undetected hypogly-
cemia during general anesthesia may be devastating.
Anesthesia providers should have a working know-
ledge of diabetic emergencies.  In the ICU, the pen-
dulum is swinging back from “intensive” glycemic
control.
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Tips for your Clinical Practice:  Key Points

# Patients with diabetes manifest wide-ranging cardiovascular disease, peripheral neuropathies,
autonomic neuropathy, renal dysfunction, retinopathy, and musculoskeletal disease.

# Perioperative management goals in diabetes include prevention of hypo- and hyperglycemia,
maintenance of normal serum electrolytes and acid-base parameters, and prevention of lipolysis and
proteolysis.

# DM2 patients receiving oral hypoglycemic agents should have them continued the night before
surgery except for metformin and chlorpropamide.

# Specific anesthetic techniques do not appear to increase morbidity or mortality in diabetics.  Choices
should take into account such things as renal disease and cardiovascular abnormalities, and
neurologic injury.

# Numerous studies have failed to demonstrate improvement in outcome with tight glucose control.

# Glucose target levels between 140 mg/dL and 180 mg/dL are reasonable operating room goals.
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MARK ONLY THE ONE BEST ANSWER PER QUESTION ON YOUR

ANSWER CARD.  MARK THIS PAGE AND KEEP FOR YOUR RECORDS.

In accordance with AANA directives, you must get 80% of the answers correct
to receive one credit for each lesson, and “if there is a failure, there is no retaking”.

POST-STUDY QUESTIONS

1. Approximately how many patients in the United
States have diabetes mellitus (DM):
G A. 1 million.
G B. 6 million.
G C. 18 million.
G D. 72 million.

2. Islet cell autoantibodies are most likely detected in
which type of DM:
G A. Type 2 DM.
G B. Steroid-induced DM.
G C. Gestational DM.
G D. Type 1 DM.

3. The following is consistent with a diagnosis of DM:
G A. Fasting glucose 110 mg/dl.
G B. Glucose concentration 150 mg/dl 2 hours after

75 g of oral glucose.
G C. HbA1C 8.1%.
G D. Polyuria and casual plasma glucose 150 mg/dl.

4. The most common complication seen in patients
with long-standing DM is:
G A. Neuropathy.
G B. Myocardial infarction.
G C. Renal failure.
G D. Retinopathy.

5. The oral anti-diabetic agent that acts primarily on
the pancreas is:
G A. Glyburide.
G B. Metformin.
G C. Pioglitazone.
G D. Meglitol.

6. The insulin preparation that has a duration of action
of 20 hours is:
G A. Insulin aspart.
G B. Insulin lispro.
G C. Insulin glargine.
G D. Regular insulin.

7. The agent UNLIKELY to cause intraoperative hypo-
glycemia is:
G A. Insulin aspart.
G B. Metformin.
G C. Glyburide.
G D. Repaglinide.

8. As of 2012, the professional organization that has
NOT published any guidelines for glycemic control
is the:
G A. Society of Thoracic Surgeons.
G B. American Society of Anesthesiologists.
G C. American Diabetes Association.
G D. American Association of Clinical Endocrinolo-

gists.

9. According to the American Diabetes Association,
the target for glycemic control in the ICU is:
G A. 80-110 mg/dl.
G B. Less than 130 mg/dl.
G C. 190-220 mg/dl.
G D. 140-180 mg/dl.

10. The following finding is typical of diabetic keto-
acidosis:
G A. Respiratory acidosis.
G B. Metabolic alkalosis.
G C. Total body potassium deficit.
G D. Insulin resistance.
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