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KEY POINTS

� Diabetes is an important cause of morbidity in the adult population resulting in hypoglyce-
mia, hyperglycemia, renal dysfunction, and cardiovascular complications. Such morbid-
ities may have an impact on the perioperative anesthetic care and outcomes.

� In this review, the authors discuss the preoperative considerations in managing patients
with diabetes as well as those without diabetes albeit hyperglycemic.

� The authors propose a plan for managing preoperative diabetes pharmacotherapy,
including the use of a subcutaneous insulin pump with the goal to avoid both
hypoglycemia and hyperglycemia.

� The authors discuss the decision whether to proceed or cancel surgery for a given
hemoglobin A1c percentage or blood glucose concentration.
INTRODUCTION

Diabetes as a disease has a profound impact on the quality of the human life. Not only
is it the most common endocrine disease in the United States but also widely prevalent
Worldwide; in 2014, 8.5% of the world’s population was diagnosed with diabetes.
Hyperglycemia and diabetes were responsible for about 3.7 million deaths worldwide
and was the seventh leading cause of death in the United States in 2012.1 Risk factors
for diabetes including obesity and inactivity have been steadily increasing. Diabetes
has a significant impact on the economy as well. In the United States, the total
estimated cost of diabetes (direct and indirect) in 2012 was about $245 billion.
Individuals diagnosed with diabetes have 2.3 times higher health care expenditures
than those without diabetes.2
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Diabetes is an important cause ofmorbidity in the adult population resulting in hypogly-
cemia, hyperglycemia, renal dysfunction, and cardiovascular complications; such mor-
bidities have an impact on the perioperative anesthetic care of those who have them.
Appropriate glycemic control is important in slowing the progression of diabetes. Conse-
quent to the steady increase in the prevalence of diabetes over the past few decades,
there is an increasing number of diabetic patients presenting for surgical procedures.
DISCUSSION
Classification of Diabetes

Diabetes is generally categorized as type 1 or type 2. Type 1 diabetes commonly is
due to the autoimmune destruction of the beta cells. These patients usually are
younger and present with an absolute insulin deficiency. Type 2 diabetes, on the other
hand, is due to a progressive reduction in insulin secretion by the beta cells. This
reduction is often coupled with insulin resistance.3

Other types of diabetes are attributed to specific causes like gestational diabetes,
maturity-onset diabetes of the young, and drug-induced diabetes. Although the
causes may vary, the anesthetic implications consequent to long-standing hypergly-
cemia and its treatment are fairly similar.

Diagnosis of Diabetes

The diagnostic criteria for diabetes as updated by the American Diabetes Association
(ADA) in 2018 are as follows.3 Meeting any one of the following criteria could confer a
diagnosis of diabetes:

� Fasting plasma glucose of 126 mg/dL or greater
� 2-hour plasma glucose of 200mg/dL or greater after an oral glucose tolerance test
� Hemoglobin A1c (HbA1c) of 6.5% or greater
� Random plasma glucose of 200 mg/dL or greater in patients with the classic
symptoms of hyperglycemia or hyperglycemic crisis

Goals of preanesthetic evaluation in diabetic patients
� Document a diagnosis of diabetes: type, duration
� Document pharmacologic antihyperglycemic regimen and develop a plan for the
perioperative period

� Document occurrence and frequency of hypoglycemia if present
� Document and evaluate microvascular and macrovascular complications from
diabetes

� Document the current and chronic glycemic state
� Check patients’ understanding of perioperative plan (pharmacologic and non-
pharmacologic), especially for patients using insulin pumps, in which case, coun-
seling and a thorough discussion of the care plan would be in order

Fig. 1 highlights an outline for the preoperative management of diabetic patients.

Undiagnosed Diabetic Patients

A global review of data across 74 countries found that 45.8% of all the cases of dia-
betes were undiagnosed. Undiagnosed diabetes is a significant concern in surgical
patients.4 A study looking at the prevalence of undiagnosed diabetes in patients un-
dergoing noncardiac surgery found a prevalence of 10%.5 Furthermore, they found
that the mean preoperative blood glucose (BG) concentration in undiagnosed diabetic
patients was higher than that in their diabetic counterparts. Another study examining
the prevalence and outcomes from undiagnosed diabetes in patients undergoing



Fig. 1. Preoperative management algorithm for patients with diabetes. Diabetic patients
(especially those taking insulin) are best done as first-round patients in themorning. BP, blood
pressure; EKG, electrocardiogram; EMR, electronic medical record; HR, heart rate; Ox, oxime-
ter; PCP, primary care physician. (Courtesy of Cleveland Clinic Center forMedical Art & Photog-
raphy, Cleveland Clinic, Cleveland, Ohio ª 2018. All Rights Reserved; with permission.)
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cardiac surgery documented a prevalence of 5.2%.6 Adverse outcomes, including
reintubation, prolonged mechanical ventilation, and mortality, were more likely in pa-
tients with undiagnosed diabetes as compared with those without or diagnosed dia-
betes mellitus (DM) undergoing cardiac surgery.6

Abdelmalak and colleagues7 reviewed the records of 62,000 relatively high-risk pa-
tients who underwent elective noncardiac surgery. They found an increased 1-year
mortality with increasing levels of hyperglycemia among nondiabetic patients (many
of whom were probably undiagnosed diabetic patients) versus patients with diabetes.
These outcomes are probably related to the lack of treatment, recognition of com-

plications, and risk stratification. HbA1c would be useful to ascertain chronicity and
to establish a diagnosis of DM in patients with elevated blood glucose values on pre-
operative laboratory work. The predicament in making a diagnosis of diabetes during
preoperative evaluation is to help these patients on the long run, as early identifica-
tion and management of diabetes helps reduce its burden and long term
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consequences. Moreover, learning of the HbA1c, as indicative of the chronic glyce-
mic state of patients has the potential to impact the perioperative glycemic target/
management plan.8

Glycemic Goals in Patients with Diabetes: Long-Term Home Versus Perioperative
Setting

In the outpatient, long-term home setting, although the ADA recommends a target
HbA1c of less than 7% in most nonpregnant patients with diabetes,9 the American
College of Physicians recently loosened the blood sugar control targets for type 2 dia-
betes to achieve HbA1c between 7% and 8%.10 The thought behind the relaxation of
the glycemic target is based on trials that showed minimal if any reduction in the
microvascular and macrovascular complications from an intensive glycemic control
targeting HbA1c less than 7%.10

On the other hand, in the inpatient setting, diet modification or pharmacologic
therapy is initiated for hyperglycemia consistently more than 140 mg/dL. Insulin
therapy is initiated for persistent hyperglycemia more than 180 mg/dL in both crit-
ically and noncritically ill inpatients.11 Once insulin therapy is initiated, it is titrated
to achieve a target BG between 140 and 180 mg/dL. During the perioperative
period, recent studies have noted that there is no advantage in targeting a tighter
glucose control of less than 140 mg/dL as opposed to maintaining blood sugars
less than 180 mg/dL.12,13 A tighter control may be appropriate in very select patient
populations, and the providers have to be cognizant of the risk of hypoglycemia
when such an approach is used.8

Why Worry About Preoperative Diabetic and Glycemic State?

Diabetic patients require certain surgical procedures more often than nondiabetic
patients and, in general, are more likely to have adverse perioperative events
as compared with nondiabetic patients. Postoperative hyperglycemia has been
associated with the development of surgical site infections.14,15 Furthermore, peri-
operative hyperglycemia with or without diabetes is associated with an increased
length of stay and mortality after noncardiac surgery.16 The neuroendocrine
response during the perioperative period results in an increase in the level of cat-
echolamines and stress hormones resulting in hyperglycemia.17–19 This outcome,
coupled with the difficulty managing oral hypoglycemic and other antihyperglyce-
mic agents in the perioperative period, could result in the potential for uncontrolled
hyperglycemia and its consequences, including diabetic ketoacidosis (DKA) or
hyperosmolar hyperglycemic nonketotic syndrome (HHNS). More importantly,
point-of-care blood sugar monitoring during the perioperative period is imperative,
especially in diabetic patients and hyperglycemic nondiabetic patients, to monitor
for and recognize both hyperglycemia and more importantly hypoglycemia.
Hypoglycemia could be masked under general anesthesia, and its occurrence
could result in irreversible neurologic damage and in adverse perioperative
outcomes.20,21

When to Delay or Cancel a Procedure for Hyperglycemia, and/or Elevated
Hemoglobin A1c

Patients who present to the preoperative clinic and have diabetes with either hypergly-
cemia or hypoglycemia outside of their target goal determined by their treating
physician should be referred back to their physician to review their current treatment
plan, compliance, and other contributing factors, as this is an opportunity to realign
their health status with their treatment goals. Also, nondiabetic patients, who present
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with abnormally high glucose levels and/or high HbA1c should also be advised to seek
specialized care to diagnose or rule out a diabetes diagnosis and get started on treat-
ment of the same if indeed they have it, as early management of diabetes would have
an impact on the disease progression and its impact on different organs. The impact of
such interventions on surgical outcomes is not yet clearly delineated, but it is for the
lifelong benefits of these patients.
The debate is still going regarding whether to proceed or not in elective surgeries

when an abnormally high HbA1c concentration is encountered because of the lack
of solid guidance on whether to proceed or not.22 For example, the ADA does not
recommend an HbA1c threshold above which elective surgery should be postponed.
The Australian Diabetes Society recommends postponing elective procedures when
the HbA1c is more than 9%.23 The Association of Anesthetists of Great Britain and
Ireland suggests more stringent criteria.24 Many studies showed an association be-
tween poor outcomes and certain HbA1c percentages, like 7%, 8%, or 9%. It has
been noted that the risk of adverse perioperative outcomes increases when the pre-
operative HbA1c is greater than 8 in this one study.25 That said, association does
not mean causation nor does it mean that normalization would result in reversal of
that association or improve outcomes, as that has not been shown to date. Moreover,
from a practical standpoint, it may be difficult to cancel elective procedures based on
HbA1c criteria understanding that it would take about 3 months to show an improve-
ment after pharmacologic and nonpharmacologic interventions to improve glycemic
control are instituted. When joint arthroplasty was delayed for HbA1c greater than
7%, only 40% of the delayed patients were able to achieve such a target within a
time range of 1 week to almost 3 years.26

When patients present in the morning of the surgery with abnormal BG concentra-
tions, the decision becomes a bit more involved.
An emergency and potentially life-saving procedure will have to, and need to be, per-

formed regardless; every effort should bedone tomaximize safety. In patientswith com-
plications of uncontrolled hyperglycemia likeDKAorHHNS, it is prudent todelay surgery
and treat the condition (obviously, unless it is an impending life-threatening emergency).
Again as it is the casewith HbA1c,many studies showan association between poor out-
comes and certain glucose concentrations. Although, if the surgery gets delayed, there
are no reliable data to support that if a specific optimal target glucose concentration and/
or HbA1c are achieved and maintained for a given unknown optimal duration preoper-
atively, that it would in fact result in avoiding certain poor surgical outcomes.
Patients scheduled for surgery (as well as family and friends) have already planned

their schedules, taken time off from their jobs, and psychologically prepared them-
selves for it. Delaying and/or canceling their surgery would constitute a major incon-
venience with potential financial implications to the patients/family and the hospital to
say the least. Therefore, the decision whether to reschedule surgery or not should be
individualized, depending on the surgery, patient characteristics including chronic
glycemic state and the clinician’s experience with glucose management. In effect,
many clinicians do not end up delaying elective surgery for mild to moderate hyper-
glycemia but rather treat it and the associated osmotic diuresis–induced hypovole-
mia. On the other hand, many think that it might be prudent to delay elective
surgery when faced with glucose concentrations greater than 350 mg/dL and/or
any concentration associated with DKA and/or a hyperosmolar state as stated
earlier.27,28 Some clinicians like the author (B.A.) of this article elect to use a higher
cutoff value in certain patients in the absence of DKA. DKA can easily be diagnosed
based on the clinical presentation and when certain laboratory criteria are met; the
triad of hyperglycemia greater than 250 mg/dL, acidosis (arterial pH <7.3, serum
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bicarbonate <18 mEq/L, and anion gap of >10), and ketonemia (urine and serum ke-
tones are positive).29
PHARMACOLOGIC THERAPY IN DIABETIC PATIENTS
Noninsulin Oral and Injectable Oral Hypoglycemic Therapy

In adults with type 2 diabetes, approximately 3 times as many patients have re-
ported to be on the oral medications only as opposed to being on only injectable
medications. In the absence of contraindications, metformin is chosen as the
first-line oral therapy for type 2 diabetes.30,31 Metformin has proven benefits in gly-
cemic management, weight control, and cardiovascular outcomes. One concern, in
the perioperative period with metformin, has been the risk of lactic acidosis. This
risk has been proven not to be the case.32 That said, in light of the fact that it is
of long duration and because patients are expected to take nothing by mouth
and to err on the safer side of hyperglycemia versus hypoglycemia, it might be
prudent to hold metformin in the morning of the surgery. With most diabetic pa-
tients (70%) being on oral hypoglycemic therapy, the primary concern in these
patients is the prevention of perioperative hypoglycemia. The risk of hypoglycemia
is significant with oral hypoglycemic agents that can increase or stimulate insulin
secretion like sulfonylureas and glinides. The common classes of oral hypoglyce-
mic drugs, their physiologic effect, and their perioperative management are
tabulated in Table 1.

Insulin Therapy

All patients with type 1 diabetes are on insulin because of its absolute deficiency. A
smaller percentage of patients with type 2 diabetes are on insulin in addition to oral
and injectable noninsulin antihyperglycemic agents to achieve adequate glycemic
control. Because of insulin resistance, patients with type 2 diabetes may require a
higher amount of insulin to achieve the same control as compared with patients
with type 1 diabetes.
The insulin regimen in patients with type 1 covers the basal requirement, prandial

and correctional insulin for anticipated nutritional intake or unanticipated accidental
hyperglycemia, respectively.11,31,33 It is of paramount importance to note that approx-
imately 50% of the basal requirement of insulin is used to cover metabolic demands
without inducing hypoglycemia.33 These patients would need some insulin even while
fasting to prevent ketosis.
Several different formulations of insulin are clinically used. They are classified ac-

cording to their time of onset, peak, and duration of action into rapid-acting, short-,
intermediate- and long-acting/basal insulins. In addition, there are premixed insulins
as well, which could be a combination of intermediate- and short-acting or neutral
protamine Hagedorn and regular insulins.
Long-acting insulin analogues (glargine, detemir, degludec) are less likely to

result in hypoglycemia in the perioperative fasting state, as they do not peak, while
maintaining a steady level of insulin. On the day before surgery, the usual dose of
these medications could be administered. Although the risk of hypoglycemia is low
with this formulation, some investigators suggest a 20% to 30% reduction in the
dose either the night before or on the day of surgery because of a lack of
consensus guidelines and to err on the side of safety.24,31Recently, Demma and
colleagues34 showed that administering 75% of the insulin dose the night before
surgery was associated with more patients presenting to surgery with a BG con-
centration within the target range goal.



Table 1
Antihyperglycemic agents and their preoperative management

Class Drug Physiologic Effect
Risk of
Hypoglycemia

Use on the Day Before
Surgery Use on the Day of Surgery

Biguanides Metformin Decrease hepatic glucose
production

Low Continue regular use Skip dose

Sulfonylureas Gliclazide, glipizide,
glimepiride

Increase insulin secretion Moderate to high Continue regular use Skip dose

Thiazolidinediones Rosiglitazone,
pioglitazone

Increase insulin sensitivity Low Continue regular use Skip dose

Glinides Nateglinide,
repaglinide

Increase insulin secretion Moderate Continue regular use Skip dose

Alpha glucosidase
inhibitors

Acarbose Slow intestinal carbohydrate
absorption

Low Continue regular use Skip dose

Dipeptidyl peptidase-4
inhibitors

Sitagliptin,
saxagliptin

Glucose-dependent increase in
insulin section and decrease
in glucagon secretion

Low Continue regular use Continue regular use

Glucagonlike peptide-1
analogues

Exenatide,
liraglutide

Glucose-dependent increase
in insulin secretion

Low Continue regular use Skip dose

Sodium glucose
cotransporter-2
inhibitors

Dapaglifozina,
canagliflozin

Decreases glucose reabsorption
by the kidney

Low Continue regular use Skip dose

Long-acting basal
insulin

Levemir, Lantus Direct effect on reduction of
serum glucose through
multiple mechanisms

Low Take 75% of dose Take 50% of dose

Mixed insulin;
combination of long-
and short-acting
(ie, 70/30 or 75/25)

NovoLog 70/30,
Humalog 75/25

Direct effect on reduction
of serum glucose through
multiple mechanisms

Moderate to high Take 75%–100% of dose If morning BG is >200 mg/dL
take 50% of dose,
if �200 mg/dL skip dose

Courtesy of Cleveland Clinic Center for Medical Art & Photography, Cleveland Clinic, Cleveland, Ohio ª 2017. All Rights Reserved; with permission.
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With the intermediate-acting and premixed insulins, the risk of hypoglycemia could
increase while fasting. With intermediate-acting insulins, both individually and as a
component of premixed, the dose could be maintained the day before; but a 25%
to 50% reduction in dose is recommended the night before and the day of sur-
gery.24,35,36 With premixed insulin, only the intermediate-acting component is given
after dose reduction on the day of surgery; the short-acting component is best
avoided (if feasible for patients to get separate prescriptions). Short-acting insulins
are typically used to control prandial glucose elevation and, hence, are best avoided
on the day of surgery and while patients are fasting.24,31,35,36However, in the absence
of the ability to obtain separate components of premixed insulin, it is recommended to
administer half the dose if the BG in the morning of surgery is greater than 200 mg/dL
and hold it all together if the BG is 200 mg/dL or less.

Preoperative Management of Insulin Pumps

Insulin pumps are programmable devices that are capable of delivering a basal infu-
sion and bolus doses of rapid-acting insulin analogues. Approximately 20% to 30%
of patients with type 1 diabetes use insulin pumps. The preoperative visit is important
in patients who use an insulin pump to establish the site of infusion, type of pump
(Table 2 shows some information on the most commonly used insulin pumps), formu-
lation of insulin, and dosage regimen (basal and bolus) through the day. It would be
useful to have an endocrinology consult to provide recommendations if changes are
necessary preoperatively and to establish a relationship with patients and the caring
team for inpatient management if patients are to be admitted to the hospital postop-
eratively.37 Ideally this should be done a few days or weeks before an elective proced-
ure. The basal dose of infusion is essential for maintenance of metabolic function in
these patients. The recommendation is to maintain the basal dose during the preop-
erative fasting period, albeit reducing the dose by 10% to 20% in some situations, to
reduce the risk of hypoglycemia.38 For emergency procedures and for procedures
lasting more than 3 hours, the insulin pump is disconnected and an external intrave-
nous insulin infusion is run and titrated for target glycemic control.37,38 Fig. 2 shows
a comprehensive plan for managing patients with an insulin pump starting with their
preoperative visit to the preoperative preparation on the day of surgery and all the
way through surgery.
COMPLICATIONS OF DIABETES AND THEIR ANESTHETIC IMPLICATIONS
The Airway and Musculoskeletal System in Diabetes Mellitus

Long-standing diabetes, especially type 1, when not well controlled, can lead to
diabetic cheiroarthropathy. This condition is due to the accumulation of advanced
glycation end products (AGE) and abnormal cross-linking of collagen in the joints.39

Although joints of the hands and shoulders are commonly affected, the temporo-
mandibular and cervical spine could be affected as well, leading to difficulty with
laryngoscopy and intubation.40 Approximately one-third of the patients with long-
standing diabetes present with a difficult airway.41 Stiff waxy hands and the pres-
ence of the prayer sign, wherein there is difficulty approximating the palms and
bending fingers backwards, could indicate the presence of cheiroarthropathy and
a potential difficult airway.39 Advanced age, female sex, long duration of diabetes,
poor glycemic control, and the presence of microvascular complications like neu-
ropathy and retinopathy are associated with cheiroarthropathy.39 A focused phys-
ical and airway examination in these patients would help identify a potential
difficulty. Nonetheless, an encountered difficult airway is very rarely attributed to



Table 2
Insulin pumps

Manufacturer Model Reservoir
Basel
Increment

Bolus Programming
Methods Battery Life Battery Type

Animas
(West Chester, PA)

OneTouch Ping
Glucose Management

System

200 plastic 0.025 unit Menu, audio, vibrate,
ezBolus

4–6 wk with lithium
2–4 wk with alkaline

1 AA lithium or
1 AA alkaline

Roche Insulin
Delivery
Systems, Inc
(Ridgefield, CT)

ACCU-CHEK
Spirit
Insulin Pump System

315-unit
Disposable plastic

cartridge, system
with integrated
filling aid

0.1 unit Menu, tactile
Bolus (audible or

vibrating)

appx 4 wk (alkaline),
1 wk (rechargeable)

One 1.5 v AA alkaline or
NiMH AA rechargeable

Insulet Corporation
(Billerica, MA)

OmniPod Insulin
Management System

200-unit
Reservoir integrated

into Pod

0.05 unit Menu 3 wk 2 AAA alkaline

Medtronic
(Minneapolis, MN)

MiniMed
Paradigm 522

Disposable
shock-resistant
plastic

0.05 unit Menu, remote and easy
(audio) express

2–4 wk One AAA alkaline;
readily available

MiniMed
Paradigm 722

Nipro Diabetes
Systems
(Osaka, Japan)

Amigo 300-unit
disposable plastic

0.05 unit Audio, vibration or
audio 1 vibration, via
menu, or direct bolus

2–3 wk 1 Duracell, CR2

Abbreviations: appx, approximately; NiMH, nickel metal hydride.
Courtesy of Cleveland Clinic Center for Medical Art & Photography, Cleveland Clinic, Cleveland, Ohio ª 2017. All Rights Reserved; with permission.
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Fig. 2. Perioperative glycemic management in insulin pump patients undergoing noncar-
diac surgery. IV, intravenous; POCT, point-of-care testing; SQ, subcutaneous. a Patients
scheduled for outpatient procedures may not require pre-operative endocrinology consult.
b Do not withhold basal insulin if the patient is NPO. c The above stated duration, does not
only include the procedure time, but spans the start of sedation/anesthesia till full recovery
and patient judged competent to manage own pump. If patient’s mental status is in ques-
tion, disconnect the pump, and use an insulin infusion to manage blood glucose. d Before
sedatives are administered. e Alternatively if there is expected X-ray, MRI, defibrillation
shock exposure, disconnect the pump and keep outside the procedure room in a safe place
or with the family. f Glucose target range may vary depending on the clinical situation and
the Institution’s policy. (Courtesy of Cleveland Clinic Center for Medical Art & Photography,
Cleveland Clinic, Cleveland, Ohio ª 2018. All Rights Reserved; with permission.)
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diabetes, mostly because of other anatomic deformities, such as head and neck
cancer.

MACROVASCULAR COMPLICATIONS
Coronary Artery Disease

Cardiovascular disease is a major contributor of mortality andmorbidity in diabetic pa-
tients. Diabetes induces a proatherogenic procoagulant state by inhibiting nitric oxide,
production of reactive oxygen species, increasing receptors for AGE, and impairing
platelet function coupled with impaired fibrinolysis.42 A combination of factors,
including hypertension, hyperlipidemia, obesity, and uncontrolled BG, play a role in
the accelerated atherosclerosis in these patients.43,44 Heart failure, both systolic
and diastolic, is more common in diabetic patients as compared with the nondiabetic
population. Diabetes increases the risk of perioperative cardiac complications. Preop-
erative cardiac evaluation for noncardiac surgery in diabetic patients is done as per the
AHA/ACC’s 2014 guidelines. Diabetes mellitus requiring insulin has been recognized
as one of the risk factors for the occurrence of a major adverse cardiac events in
the perioperative period and is a component of the revised cardiac risk index for pre-
operative cardiac evaluation for noncardiac surgery.45 Acute ischemic events could
go unrecognized in these patients because of the existence of concomitant autonomic
neuropathy, and increased vigilance to recognize them would serve well.

Peripheral Vascular Disease

Pathophysiologic factors that increase the risk of coronary artery disease also in-
crease the risk of peripheral arterial disease (PAD) in diabetic patients. The prevalence
of PAD in diabetic patients is about 20% with increasing age conferring a greater
risk.46 Presence of PAD in these patients might herald the presence of underlying cor-
onary or cerebrovascular disease (CVD) with adverse cardiac and cerebrovascular
events being more pronounced in diabetic patients with PAD than their counter-
parts.46,47 Recognition of PAD in the preoperative period should alert the anesthesiol-
ogist of the potential for other cardiovascular manifestations and difficult invasive
arterial access, due to increased arterial stiffness, should one be required.

Cerebrovascular Disease

The increased risk of atherosclerosis in diabetic patient translates to an increased risk
of CVD as well. There is a high preponderance of all forms of stroke, especially
ischemic stroke in young diabetic patients.42 Depending on chronic glycemic control,
diabetic patients could have impaired cerebrovascular reactivity under anesthesia.48

Systemic inflammation, vascular smooth muscle dysfunction, and endothelial
dysfunction play a pivotal role in the development of CVD in these patients.49 Intrao-
perative hyperglycemia may worsen the sequelae of intraoperative neurologic insults.
In the preoperative evaluation, looking for a history suggestive of CVD or carotid ste-
nosis and maintaining adequate perfusion pressures may help minimize the risk of
perioperative stroke.50

MICROVASCULAR COMPLICATIONS OF DIABETES
Diabetic Retinopathy

Diabetic retinopathy (DR) is the most common microvascular complication of dia-
betes. Retinopathy from diabetes could either be proliferative or nonproliferative.
The presence of DR could signal the presence of long-term nephropathy.51,52 Diabetic
microangiopathy could result in capillary occlusion and retinal ischemia, which in turn
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increases the levels of vascular growth factors causing proliferative retinopathy. Vision
loss from DR could result from maculopathy, vitreous hemorrhage, detachment, or
neovascular glaucoma. Preoperative characterization of visual defects if any would
be helpful, especially in cases whereby there is a potential for postoperative visual
loss, such as spine surgery.

Diabetic Nephropathy

Diabetic nephropathy is characterized by albuminuria and progressive reduction of
renal function. Diabetes is one of the primary causes for end-stage renal disease in
the United States.53 Preoperative evaluation of renal function might help strategize
and develop a perioperative plan to reduce the risk of developing perioperative acute
kidney injury (AKI). Nonsteroidal antiinflammatory drugs (NSAIDs) inhibit prostaglan-
dins, impair renal blood flow, and worsen renal function.54,55 It should be noted that
selective cyclooxygenase-2 inhibitors could have a similar effect on renal function
as well.56 Patients with diabetes are commonly onmedications that modulate the renin
angiotensin aldosterone system (RAAS). A combination of hypovolemia, NSAIDs, and
use of medications that modulate RAAS could have undesired consequences in these
patients.57 Efforts to maintain euvolemia, adequate renal perfusion, and avoidance of
nephrotoxic medications should be considered to reduce the risk of AKI.

Autonomic Neuropathy

Diabetic autonomic neuropathy (DAN) primarily affects the cardiovascular and gastro-
intestinal systems. Although symptomatic autonomic neuropathy is rare in diabetic
patients, recognition of its possibility is important so as to anticipate the adverse con-
sequences in the perioperative period. Patients with DAN could be recognized from a
history of inappropriate heart rate response to exercise and consequently poor exer-
cise tolerance or from orthostatic blood pressure measurements. They could manifest
with profound hypotension on induction due to poor vascular compensatory mecha-
nisms. Sudden cardiac deaths due to dysrhythmias have been reported in these pa-
tients. During the preoperative visit, inquiring for symptoms of early satiety, bloating,
and erectile dysfunction may help recognize underlying autonomic neuropathy. In pa-
tients in whom autonomic neuropathy is suspected, orthostatic blood pressure mea-
surements might help corroborate the diagnosis. There are 5 tests that assess heart
rate and blood pressure responses to various activities that have been validated to di-
agnose and quantify autonomic dysfunction, namely, heart rate response to Valsalva,
standing and deep breathing to assess the parasympathetic system, and blood pres-
sure response to standing and sustained hand grip to assess the sympathetic system.
These are effective tests that are validated in preoperative clinic settings as well for
screening patients for autonomic dysfunction, as long as the appropriate testing tech-
nique is used.58 Typically in patients with DAN, parasympathetic dysfunction precedes
sympathetic dysfunction.58 The aforementioned tests could identify patients with DAN
and, thus, assist the anesthesiologist in formulating an appropriate plan, such as con-
siderations for invasive blood pressure monitoring and/or postoperative intensive care
unit admission.
Gastrointestinal symptoms in patients with DAN affecting the gut present with

nausea, vomiting, bloating, early satiety, and other symptoms suggestive of delayed
gastric emptying.33 Precautions to reduce the risk of aspiration on induction, including
the use of prokinetic agents and H2 antagonists and/or proton pump inhibitors, may
be prudent in patients who are symptomatic with long-standing or poorly controlled
diabetes.18 In severe cases of gastroparesis, the authors recommend awake
intubation in a semisetting position versus intubation after induction of anesthesia
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(regardless of being conventional) or a rapid sequence induction with cricoid pressure.
It seems that awake intubation may provide superior protection against aspiration
through maintaining innate protective tracheal reflexes versus cricoid pressure that
may or may not occlude the esophagus and, in some instances, make intubation
more difficult.

Diabetic Peripheral Neuropathy

Distal symmetric polyneuropathy (DSPN) is the most common form accounting for
about 75% of diabetic neuropathies. It occurs in 20% of patients with type 1 dia-
betes after 20 years of disease and 10% to 15% of patients with type 2 diabetes.
Microvascular damage to the vasa nervosum and oxidative and inflammatory dam-
age due to hyperglycemia are implicated in the pathogenesis of DSPN.59,60 DSPN
is the most important cause for diabetic foot ulceration and Charcot arthropathy.
Initially small sensory fibers are involved, resulting in paresthesias and neuropathic
pain. Later on, when larger fibers are involved, it could result in lack of painless
paresthesias and loss of protective sensations.59 Caution should be exercised
while positioning patients with diabetic neuropathy, especially if they are insensate,
to avoid causing pressure injuries or ulcerations to the extremities. Moreover,
several factors need to be considered while performing regional anesthesia in
patients with diabetic neuropathy. Common sense dictates that ultrasound-
guided techniques may be favored in these patients, as the electric stimulation
threshold is increased in diabetic neuropathy and there is an increased risk of
stimulator needle trauma. Diabetic nerves are more sensitive to local anesthetics
and result in prolonged block duration. There is an increase in the incidence of
infection when nerve catheters are used for postoperative pain in patients with
diabetes.60

SUMMARY

Diabetes is a systemic disease affecting several organ systems. There is a lack of
consensus guidelines for the optimal perioperative management of these patients. It
is prudent to use the preoperative visit as an opportunity to either diagnose undiag-
nosed diabetes or to check on and optimize the glycemic state of diagnosed diabetic
patients. Diabetes-associated systemic complications should be investigated and
optimized accordingly when needed. It is important to have an appropriate preopera-
tive plan for management of pharmacotherapy, including subcutaneous insulin pump
use to avoid both hypoglycemia and hyperglycemia on the day of surgery. Surgery for
patients who present with DKA should be delayed (unless surgery is emergent), and
patients should be treated and stabilized. Current evidence does not support
canceling surgeries for a given abnormal HbA1c percentage. During the preoperative
visit, a comprehensive perioperative plan for managing diabetes as outlined earlier
and expectations should be formulated and shared with patients to assure them
and alleviate their anxiety.
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