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Abstract

Introduction: Diabetes Mellitus (DM) is frequently observed in surgical patients and relates to an increase in
perioperative morbidity and mortality. Disease, anesthesia and surgery result in dysglycemia (hypo and/or
hyperglycemia), which is one of the worse prognostic factors. The objective of this study is to review the specific
needs of the diabetic surgical patient in the perioperative period, regarding its optimization.

Methods: Scientific studies (n=89) were obtained through PubMed, Google Scholar and Google, between 2008
and 2018.

Results: Actions proposed in order to reduce perioperative complications in the diabetic patient. Preoperative
period: an anesthetic evaluation, discontinuation of OADs and fast-acting insulin, prioritization of diabetics in the
surgery list, cancellation of non-urgent procedures when there are metabolic abnormalities and poor glycemic
control and promotion of gastric emptying due to gastrointestinal autonomic dysfunction. Intraoperative period: the
use of IV perfusion of insulin for glycemic control in major surgeries, the use of glycoside sera in cases of prolonged
fasting and/or IV insulin perfusion, hourly glycemic monitoring, a glycemic goal between 80-180 mg/dl with correction
of hyperglycemias with insulin, and the use of a rapid-sequence intubation when there is risk of aspiration.
Postoperative period: the early return to oral nutrition and the restitution of OADs and insulin with the onset of food
intake, multimodal analgesia and antiemetic prophylaxis, the correct transition from IV perfusion to subcutaneous
insulin and pre-discharge therapeutic optimization.

Discussion: Several studies have shown a correlation between dysglycemia and postoperative morbidity and
mortality. Nevertheless, the ideal glycemic range and the best glycemic management strategy remain indeterminate.

Conclusion: Studies that establish specific measures and universal cut-offs are scarce. There is a need for
clearer and guidelines to minimize perioperative complications. It is also important that diabetic patients have the
capacity to manage their own disease, to facilitate their optimization in the surgical context.

Keywords: Diabetes mellitus; Perioperative
Anesthesia; Preoperative; Postoperative; Surgery

management;

Introduction

Diabetes Mellitus (DM) is a chronic disease of high prevalence and
increasing incidence, particularly in developed or developing
countries, and has been identified as a major cause of global mortality
in the last decade [1,2]. In 2015, the estimated prevalence of DM was
8.5% in the world population, and 13.3% in the Portuguese population
[3,4]. This multifactorial epidemic is due to the increasing age of the
population and the increase of obesity and sedentarism, and is
expected to continue to increase if some lifestyle habits (such as diet)
are not modified [2,5].

DM is the most common multisystem endocrine-metabolic disease,
characterized by a deregulation in carbohydrate metabolism where
hyperglycemia predominates, and, if untreated, can become
debilitating due to chronic failure of several organs [6]. It is classified
based on its pathophysiological mechanism, in four clinical types of

distinct etiology: type 1 DM, which results from the immune-mediated
destruction of the cell and leads to absolute insulin deficiency, with
type 1 diabetics having a compulsory need for insulin; the type 2 DM,
which is associated with progressive loss of insulin secretion by the cell
and insulin resistance, being it possible for type 2 diabetics to be
controlled with diet, oral antidiabetic (ADO) and/or insulin; the
gestational DM, diagnosed in the 2nd/3rd trimester of pregnancy; and
the 4th category which includes a broad spectrum of specific types
from other causes, such as genetic defects of cells, diseases of the
exocrine pancreas, endocrinopathies and drugs [6,7]. Type 1 and type
2 DM are the most frequent types; however, type 2 is the most
common (90-95% of cases) and most often develops in elderly and/or
obese adults, although there is an increase in the diagnosis of young
patients [1,2]. Type 1 DM mainly affected pediatric patients, but is now
frequently diagnosed in adults [8].

The diagnosis of DM is established based on plasma glucose values,
namely: fasting blood glucose > 126 mg/dl, or glucose 2 h after oral
glucose tolerance test (OGTT) = 200 mg/dl, or HbAlc 2= 6.5%, or
casual blood glucose > 200 mg/dl in a patient with classic symptoms of
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hyperglycemia or hyperglycemic crisis (polyphagia, polydipsia,
polyuria, fatigue and weight loss). Thus, another group of patients,
known as pre-diabetic patients, can be classified into two groups: with
impaired glucose tolerance (glycemia 2 h after OGTT between 140 and
199 mg/dl) or with fasting glucose anomaly (glycemia between 100 and
125 mg/dl in the fasted state) [7].

In DM there are several progressive physiological changes, thus,
some organs and systems must be emphasized in the anesthetic
approach: musculoskeletal, renal, neurologic, and cardiovascular [9].

Musculoskeletal system

Chronic hyperglycemia promotes non-enzymatic glycosylation of
proteins and leads to abnormal cross-linking of joint glycogen, which
will limit joint mobility, triggering Stiff Joint Syndrome or diabetic
cheiroarthropathy, which mainly affects the temporomandibular,
atlanto-occipital and cervical spine joints. Diabetic scleredema is
characterized by a non-depressible hardening of the skin in the neck
and upper back regions and, associated with reduced joint mobility,
limits the angles of movement of the neck and may hinder orotracheal
intubation [9].

Renal system

A significant proportion of patients with DM have diabetic
nephropathy. This chronic complication is characterized by the
development of albuminuria and progressive reduction of renal
function in diabetics without adequate glycemic control [9].

Neurologic system

The neurological effects of DM increase the risk of cerebrovascular
accidents (CVA) and the presence of hyperglycemia is a strong
predictor of worse prognosis in the various forms of acute brain injury
[9]. Approximately 10% of diabetics also have symptoms of peripheral
diabetic neuropathy, a multifactorial polyneuropathy that is mainly
due to inflammation, oxidative stress and mitochondrial dysfunction
caused by chronic hyperglycemia, which causes neuronal damage and
decreased conduction velocity and nerve fiber reactivity [10]. These
nerve fibers are also more susceptible to ischemic injury, such as when
under stress due to chronic ischemic hypoxia [9].

Autonomic diabetic neuropathy is a common complication of DM
and is frequently undiagnosed, affecting the gastrointestinal,
genitourinary and cardiovascular systems [9]. It occurs in 17% of type
1 diabetics and 22% of type 2, and is characterized by resting
tachycardia, exercise intolerance (fatigue and syncope), orthostatic
hypotension, asymptomatic involvement of the coronary arteries,
arrhythmias and sudden cardiac death. Autonomic gastrointestinal
neuropathy causes symptoms such as dysphagia, gastroparesis and
profuse diarrhea alternating with intestinal constipation. Autonomic
genitourinary neuropathy main clinical manifestations are neurogenic
bladder and sexual dysfunction [11]. Impaired neurovascular function,
loss of autonomic response to hypoglycaemia (as happens after a few
hours of perioperative fasting), and affected thermoregulatory
response to hypothermia during anesthesia are also possible [5,9].

Cardiovascular system

Diabetics are at increased risk of hypertension, coronary artery
disease, peripheral arterial disease, silent myocardial ischemia, QT
interval abnormalities (with potential and fatal ventricular
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arrhythmias), systolic and diastolic heart failure, congestive heart
failure, and sudden death. Through several mechanisms,
hyperglycemia promotes vasodilation and induces a pro-

inflammatory, prothrombotic and pro-atherogenic state, responsible
for these common vascular complications. These patients also have
high intraoperative cardiovascular instability, since neuropathy
predisposes them to bradycardia, hypotension and cardiorespiratory
arrest during general anesthesia, and not the normal response
(vasoconstriction and tachycardia) to the vasodilating effects of
anesthesia. DM also predisposes to the development of a specific
cardiomyopathy, which leads to diastolic dysfunction. This disease is,
therefore, especially in insulin-dependent patients, an independent risk
factor for adverse cardiac events, with cardiovascular disease being the
cause of death in 80% of diabetics [5,9,12].

The estimated incidence of diabetics requiring surgery is about 25%,
which explains why DM is frequently observed in surgical patients
[11]. As the incidence of this disease continues to increase, and
diabetics more often suffer from macro and microvascular
complications (including retinopathy, nephropathy and neuropathy)
and other comorbidities, their increased need for surgery and/or other
surgical procedures, compared to non-diabetic patients, is
understandable [13]. DM leads to increased morbidity, perioperative
mortality (50% higher than non-diabetic patients) and use of
resources, leading to more frequent and prolonged hospitalizations
[9,14]. The determinants of worse prognosis of diabetics in the
perioperative period are many, namely: hypoglycemia and
hyperglycemia; comorbidities, including micro and macrovascular
complications; the acute complications of diabetes; the complex
medication regimens; errors in insulin prescription; the peri and
postoperative infections; failure in identifying patients with diabetes;
the lack of adequate institutional therapeutic protocols; and the lack of
knowledge from health professionals about the correct approach
[9,15]. Acute disease, anesthesia and surgery result in metabolic
disturbances that alter glucose homeostasis, and this dysglycemia
(hypo and/or hyperglycemia) in the surgical patient with diabetes is
one of the factors with the worst prognosis [16,17].

Hyperglycemia

Hyperglycemia is defined as glycemia>140 mg/dl in the hospitalized
patient [18]. During surgery and postoperative period, depending on
the type of anesthesia and surgery/procedure, nutritional and fluid
support and anatomical location, glycemia increases significantly and
may be responsible for perioperative complications [19]. As the ability
to respond to the need for insulin is reduced or absent in patients with
diabetes or pre-diabetes, the risk of developing hyperglycemia during
or after surgery is greater [20]. However, even in people without DM,
surgical stress can lead to transient hyperglycemia (by an adaptive
mechanism) that normalizes after stabilization of the acute event, but
which in some cases may lead to later disease development [19,21].
This stress hyperglycemia is more pronounced on the 1st postoperative
day but may persist for 9 to 21 days after surgery [19]. Stress is the
main etiology of perioperative hyperglycemia, followed by iatrogenic
causes such as discontinuation of medication for the treatment of DM,
drugs (such as some anesthetics, immunosuppressants and
glucocorticoids), immobilization and advanced age of the patient.
Thus, hyperglycemia results mainly from peripheral insulin resistance
(which may last days after surgery) and from relative hypoinsulinemia,
triggered by the release of pro-inflammatory mediators and counter-
regulating hormones (catecholamines, cortisol, glucagon, and growth
hormone), which promote gluconeogenesis and catabolism of proteins
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and fats, and which is triggered by stress, tissue trauma, fasting and
pain [1,2,22]. This combination constitutes a serious problem of
maintenance of glucose homeostasis, particularly in diabetics with
poor prior metabolic control [2,13]. Thus, in extreme cases, acute
complications of DM can be precipitated due to metabolic
decompensation, resulting in diabetic ketoacidosis in type 1 diabetics
and hyperosmolar hyperglycaemic syndrome in type 2 diabetes [9]. In
addition, persistent hyperglycemia, as well as sustained hyperglycemia
(estimated by the evaluation of glycosylated hemoglobin) are also risk
factors for the occurrence of endothelial dysfunction and decreased
phagocytic activity, postoperative sepsis, acute renal injury, alteration
in operative wound healing (deleterious effects in the formation of
collagen), cerebral and/or coronary ischemia, infections (surgical and
nosocomial), hospitalization time and mortality [1,2,22,23]. Thus,
hyperglycemia accounts for 66% of postoperative complications and
25% of perioperative deaths, and is therefore an independent marker
of poor prognosis and mortality [2,24].

Hypoglycemia

Hypoglycemia (<70 mg/dl) is common in hospitalized diabetics
(especially in the first 7 days of hospitalization) and is caused by the
relative excess of insulin or insulin secretagogues compared to
carbohydrate intake, occurring more frequently in type 1 DM or long-
term type 2 DM [17,22,25]. Severe hypoglycemia is defined as plasma
glucose <40 mg/dl or when it is low enough for the individual to
require the help of others [25]. Since glucose is the metabolic substrate
required for the brain, this hypoglycemic state leads to
neuroglycopenia and may result in somnolence, confusion,
convulsions, irreversible neurological damage, and coma, and is also
associated with an increase in mortality, length of hospital stay, risk of
infection, difficulty in healing, prolongation of the QT interval,
ischemia and angina, cardiac arrhythmias and sudden death in the
surgical patient [16,26]. During general anesthesia or sedation, the
symptoms of hypoglycemia are masked and, therefore, the prevention
of their occurrence is of high importance [23].

The objective of this work is to systematically review the specific
needs of DM in the perioperative period and its effective approach,
gathering the latest information regarding the optimization of the
diabetic surgical patient.

Methods

This study was elaborated from scientific articles obtained through
the bibliographic research carried out on the PubMed, Google Scholar
and Google platforms between October 2018 and December 2018. The
combinations of terms used in this research were: Diabetes anesthesia
surgery, Diabetes postoperative anesthesia, Diabetes preoperative
anesthesia, Diabetes perioperative management, Diabetes anesthesia
management, Diabetes anesthesia. The types of articles used in this
work were the following: reviews, systematic reviews, case reports,
guidelines, observational studies. Articles published between 2008 and
2018 and written in English or Portuguese, were included. This
research resulted in a thousand and one articles. Articles referring to
groups of individuals or specific pathologies, such as children, elderly
and individuals with cardiac pathology, as well as those that addressed
other types of DM besides type 1 and 2 DM, that were focused on
specific surgery procedures and animal studies were excluded.

With the application of these inclusion and exclusion criteria, one
hundred and sixty-six publications were obtained. The articles were

initially selected by the reading of the abstract and later by its complete
reading. Lastly, other articles were also analyzed, by consulting the
bibliographic references of those initially selected, which also took into
account the year of their publication. In the end, we used eighty-nine
scientific articles in this bibliographic review.

Results

Given the increased risk of complications and the need for specific
care, a correct evaluation and perioperative approach of the patient
with DM is crucial [11]. This approach may take on some differences,
depending on the type of DM, the evolutionary state of the disease, the
age group and whether there are target organ lesions, and comprises 3
phases: preoperative, intraoperative and postoperative [1,2].

Preoperative

There are some things to be considered in a diabetic, during this
period, concerning diet, medication, and level of diabetes control and
associated pre-existing complications [27]. In elective surgery, the
objectives are to ensure that DM is as well controlled as possible and to
avoid delays in surgery, minimizing the fasting period, ensuring
normoglycemia and altering as little as possible the normal routine of
the patient [15].

Anesthesia consultation

The guidelines recommend that diabetics, when identified and
proposed for elective surgery, should be evaluated and observed prior
to anesthesia [28,29]. If they have been referenced by primary care, the
latter should convey information about the patients to the surgical
team and, if possible, the patients should also be optimized by them
[15], since according to the Society for Ambulatory Anesthesia
(SAMBA) [23], the desirable glycemic control should ideally be
achieved in the weeks prior to surgery. Thus, it is suggested that this
consultation should begin with a detailed clinical history of the type of
DM and the dose of antidiabetic therapy (OADs and insulin), the
duration, complications and comorbidities known, evaluation of prior
metabolic control (through glycemic self-monitoring, mean blood
glucose values and HbAlc value) and the presence of recent
hypoglycemia (frequency, time of day, perception and severity) [22,23].

Therefore, if HbAlc dosing has not been done in the past 3 months
or patients report poor glycemic control, and since a single blood
glucose measurement provides little information about control in a
stabilized diabetic, HbA1c's assessment will reflect the mean glycemia
in the last 3 to 4 months, being a good indicator of long-term glycemic
control [8,30,31]. A measure of HbAlc <7% gives us the assurance that
the patient has a well-controlled diabetes [29].

Moitra et al. [32], in research with diabetics, also concluded that
Hb1Ac levels predict pre and postoperative blood glucose levels, and
Gustafsson et al. [33], in a similar study, have shown that the
preoperative measurement of HbAlc may in fact identify patients at
high risk of postoperative hyperglycemia, elevated C-reactive protein
and postoperative complications. Therefore, when it is elevated, it may
be necessary to postpone elective surgery for medical optimization,
with the guidelines advising this postponement in cases with HbAlc >
8.5-9%, a decision that should be made based on the presence of
comorbidities and risk of surgical complications [1,22]. On the other
hand, HbAlc <5% probably indicates severe recurrent hypoglycemias,
being it usually advisable to postpone surgery [13]. However, there
may be situations in which it is not possible to promote glycemic
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control preoperatively, being it possibly acceptable to proceed with
surgery after explaining all risks to the patient and evaluating these
risks and the urgency of the procedure [15,34].

When unidentified as diabetic, surgical patients should be screened
for all possible risk factors for undiagnosed DM, such as obesity,
metabolic syndrome, diabetogenic drugs, personal history of
gestational DM or transient hyperglycemia, family history of DM and
suggestive symptoms. When there is a suspicion, HbAlc dosing should
be considered because pre-diabetes or undiagnosed diabetes increase
the risk of perioperative complications due to acute glycemic
instability and unrecognized chronic complications [8,13]. If this test is
not performed in this consultation because the patient does not have
criteria, it may be performed during hospitalization after
hyperglycemia is observed [16].

In the consultation, instructions should also be given on the
management of antidiabetic medication on the day of surgery and the
night before, the control of perioperative dysglycemia and the likely
effects of surgery on this glycemic control. Patients should also be
advised of the possibility of changes in the days following the
procedure [15]. Patients should be informed that smoking cessation is
recommended and that, on the eve of surgery, they should maintain
their usual diet [8,29]. According to the European Society of
Anaesthesiology (ESA) [35], it is recommended that diabetics be
without solid food intake within 6 hours prior to elective surgery (if
the risk of aspiration is very high, the fasting period may be prolonged)
[8]. They should also be advised to take their usual medication and
therapy for hypoglycaemic seizures [22,23].

It is also important to assess the patient's ability to perceive and
manage their own diabetes as this will guide the perioperative
therapeutic targets and, if he is able to monitor glycemic levels and
follow medication adjustment instructions, the glycemic targets are
more easily reached [23,31]. The American College of Cardiology
(ACC) and the American Heart Association (AHA) [36] also
recommend the execution of an electrocardiogram (ECG) in all
diabetics, except for procedures with low surgical risk. The fasting lipid
profile, hepatic and renal function, and electrolytes (sodium,
potassium) are also mandatory preoperative tests [29].

Management of antidiabetic treatment

With proper guidance, diabetics should be allowed to maintain
control and continue self-administration of their medication [15].
OAD:s have a slow onset and long duration of action and may lead to
unexpected and drastic clinical variations in hospitalized patients [29].
Metformin is a renal excreted biguanide, that can cause hemodynamic
instability and decrease in intraoperative renal perfusion, which also
predisposes to lactic acidosis, being it classically recommended that it
be discontinued within 24 to 48 hours prior to surgery or elective
radiological procedure [8,37]. The American Association of Clinical
Endocrinologists (AACE) and the American Diabetes Association
(ADA) [31] do not recommend its use in hospitalized patients because
of the risk of renal damage, hemodynamic instability and possible need
for contrast administration in procedures. However, some recent
guidelines state that metformin can be safe and continued until the
night before surgery if there is no altered renal function (glomerular
filtration rate (GFR) <30 ml/min) or a significant risk of acute kidney
injury (dehydration, procedures with risk of renal hypoperfusion and
tissue hypoxia, use of contrast, etc.), where there is a need for close
monitoring in the use of nephrotoxic drugs [1,15,16,22].

Due to the possibility of ketoacidosis in fasting diabetics on SGLT-2
inhibitors (dapaglifozin and canaglifozin), these drugs are suspended
in the perioperative period [22].

Insulin secretagogues, such as sulfonylureas (glibenclamide,
glimepiride, gliclazide and glipizide) and meglitinides (repaglinide and
nateglinide), are usually withdrawn in the morning of surgery, due to
the risk of hypoglycemia in fasting patients or with impaired renal
function [8,15,16]. However, if the patient misuses sulphonylurea on
the day of surgery, the procedure may still happen, with careful
monitoring of blood glucose and need for glucose infusion if the
patient is on an empty stomach [37]. Alpha-glucosidase inhibitors
(acarbose, miglitol) decrease glucose absorption after meals, having no
effect on preoperative fasting states, with its discontinuation being
recommended until the patient returns to oral intake [37].
Thiazolidinediones  (pioglitazone and rosiglitazone) are also
discontinued on the day of surgery, as they may cause fluid retention in
the postoperative period [37,38]. Injectable GLP-1 agonist OADs
(exenatide and liraglutide) can be maintained on the day of surgery if
necessary, as well as DPP-4 inhibitors (sitagliptin and linagliptin), as
there is no risk of hypoglycemia even in fasted patients, however, this
type of drug reduces postprandial blood glucose and its effects will be
reduced in preoperative fasting patients, also causing gastroparesis,
and are therefore often withdrawn on the day of surgery, with the
safety and efficacy of its use in surgical patients still being studied
[16,38].

Basal insulin (long duration) is generally used to maintain stable
glycemic levels between meals and is not associated with hypoglycemia
even during fasting [23]. Demma et al. [38], in a recent study with type
2 diabetics treated with glargine insulin once a day, concluded that the
group that administered 60-87% of the normal dose of this insulin in
the afternoon before surgery had the highest percentage of cases (78%)
within the target range of glycemia values between 100 and 180 mg/dl
(P<0.001) and a lower number of cases of hypoglycemia, compared to
the group that did not administer insulin or that administered the
normal dose. Thus, in order to avoid hyperglycemia and ketoacidosis,
many guidelines, such as AACE/ADA[31], EndocrineSociety[39,40],
SAMBA (23] and Joint British Diabetes Societies [34] recommend,
even in euglycemic, the continuation of basal insulin (glargine or
detemir) in the usual dosage (or 80% of the dose, if at risk of morning
hypoglycaemia) in the night before surgery, or 75-100% of the dose
(depending on the risk) if administered in the morning of the surgery
[41].

For other types of insulin, guidelines recommend that patients, in
the morning of the surgery, take 50-75% of the intermediate insulin
dose (NPH), or the total dose if administered the night before (or
75%-80% of the dose, if risk of morning hypoglycaemia), and advise
against the administration of fast-acting insulin in the morning of
surgery [13,23,34,41]. SAMBA [23] warns that preoperative insulin
management plans should take into account the level of glycemic
control because, for example, patients with strict control, more
unstable values or the use of complex insulin regimens, are at higher
risk of hypoglycemia during fasting. These adjustments in medication
should also take into account the fasting and surgery time and the
expected time to start normal feeding after surgery [23].

In emergency surgeries, by definition, there is no opportunity for a
plan to be performed, and modification of the patient's normal
medication is only possible if the patient is physiologically well and the
procedure is scheduled, as in minor trauma surgery [15]. In
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ambulatory surgery, OADs can be continued if the patient is controlled
[13].

Surgical admission plan

Diabetics should preferably be scheduled for the start of the surgical
shift or as early as possible in order to minimize the fasting period and
the risk of hypoglycaemia [15,28]. According to the Joint British
Diabetes Societies [34], when possible, admission should be planned
for the day of surgery if given all the information to the patient about
the management to do in the ambulatory. Diabetics undergoing major
surgery should be hospitalized the day before or when they start
fasting, in order to initiate insulin infusion [29].

In diabetics, ambulatory surgery should be considered as it allows to
reduce the risk of iatrogenic complications, however, these should be
well controlled and able to manage their own diabetes, have easy access
to emergency care if they need to, and surgery should be achievable in
this context [1,29]. According to SAMBA [23], the decision to go
through with ambulatory surgery in patients with poor glycemic
control should be made together with the surgeon and should take into
account the comorbidities and potential risks of surgery. These
surgeries follow the protocols of minor surgeries [29]. Urgent surgeries
follow the protocols of major surgeries [26].

Preoperative evaluation

Preoperative urine collection II is recommended for the detection of
asymptomatic urinary infections and proteinuria associated with acute
postoperative renal failure in patients with risk factors (advanced age,
type 1 DM, pre-existing renal disease, etc.) [29]. Adequate preoperative
hydration (with water up to 2 hours prior to surgery) and initiation of
fluid replacement on the morning of surgery (= 2 hours before
induction) helps prevent postoperative dehydration [13,23].

If there are symptoms of dehydration, diabetic ketoacidosis or
hyperosmolar hyperglycemic state, gasimetry and electrolytes should
always be requested [8]. Diabetics undergoing emergency surgery are
rarely well metabolically controlled, and the evaluation should include
pH, creatinine and urea, and the volumetric status (hydration, blood
pressure, urinary debit and capillary filling), in addition to glycemia
and electrolytes, with potassium and acidosis alterations being the
priority corrections [29].

Blood glucose monitoring

Especially in patients undergoing long procedures and with a high
metabolic impact, blood glucose levels should be monitored at
admission in the preoperative area [8,16]. In insulin-dependent
patients, frequent monitoring of blood glucose should be performed to
ensure that the values are within the normal range, and glycemic
analysis with test strip should be performed every 2 to 4 hours in all
fasting patients [26,38].

Hypoglycemia

Preventive measures of hypoglycemia include the identification of
patients at increased risk (under intensive therapy, with oscillating
glycemic profile or tight glycemic control, history of frequent
hypoglycemia, and elderly patients as they are naturally less
symptomatic), their monitoring and the appropriate preoperative
changes in antidiabetic therapy [23,42]. Patients should be advised to
carry a form of glucose that can be administered in the event of

hypoglycemia during fasting and that does not lead to the cancelling of
surgery, such as sugar-rich drinks [15,23]. ESA [35] defines safe
administration of these beverages as up to 2 hours prior to elective
surgery. However, researchers are always reluctant to give these
formulations to diabetics due to possible effects on blood glucose and
gastric emptying. Gustafsson et al. [42], in a study performed with
diabetics, concluded that the intake of a carbohydrate-rich drink is
safe, without risk of hyperglycemia and preoperative aspiration, when
performed in the 180 minutes prior to anesthesia, since these patients
did not show signs of delay in gastric emptying.

Glucose pills may also be used in case of hypoglycemia, although
some anesthesiologists do not recommend its use within 6 hours prior
to surgery [15,23]. Thus, if the patient presents with hypoglycemia in
the last minutes before surgery, especially if type 1 diabetic, this should
be corrected with 3-9 g of intravenous (IV) glucose, and surgery
should proceed with regular monitoring of glycemia [16,29]. In case of
severe hypoglycemia, elective surgery may have to be postponed [13].

Hyperglycemia

Discontinuation of antidiabetic medication, inadequate long-term
glycemic control, and preoperative response to stress may be the cause
of preoperative hyperglycemia. This should be corrected before surgery
with fast acting insulin (safer due to shorter duration of action) in
sliding scale (supplemental or corrective insulin scheme based on a
stratified adjustment scale), usually by subcutaneous administration,
but it can be administered intravenously in case of more invasive
procedures, and, if controllable, surgery should not be cancelled
(8,23,29,38].

There is no consensus as to when surgery should not be performed
due to hyperglycemia, but according to SAMBA and other
recommendations, surgeries, except for life-threatening procedures,
should be postponed for at least 12 hours in patients with
compromised metabolic status (diabetic ketoacidosis, hyperosmolar
hyperglycemic syndrome, severe dehydration, etc.), metabolic
abnormality should be corrected and glycemia should be restored
before surgery [16,23]. Thus, if glycemia>250-300 mg/dl, the presence
of ketosis (ketonemia or significant ketonuria) and signs of
hyperglycemic hyperosmolar state should be evaluated [15]. In case of
glycemia <250-300 mg/dl and in the absence of findings of metabolic
changes of this type, sliding-scale insulin infusion should be used and
if levels drop as expected within one hour, insulin treatment continues
and surgery can proceed normally [16]. Recommendations usually
advise the postponement of non-urgent surgeries in case of persistent
hyperglycemia above 300-500 mg/dl, there being no sufficient evidence
to suggest a specific cut-oft [16,37,43,44]. As diabetics tend to maintain
an increase in perioperative morbidity and mortality, their
identification in the surgical setting is imperative, however, about one-
third remain undiagnosed and untreated prior to surgery, being
detected only upon admission [13,37]. In the presence of
hyperglycemia without previous diagnosis of DM, this may be due to
hyperglycemia of stress, and the determination of HbAlc may allow to
make this distinction [31].

Management of the continuous subcutaneous insulin
infusion system

The use of insulin infusion pumps (fast acting insulin in continuous
infusion and administration of bolus at meals) has increased in recent
years, mainly in type 1 DM, and hence the importance of a better
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knowledge about its perioperative approach [8]. The use of an infusion
pump has been demonstrated to be successful in the control of
diabetes in hospital context [45,46]. Corney et al. [46], carried out an
investigation with ambulatory controlled diabetics with continuous
insulin infusion pumps, which were grouped according to the
intraoperative insulin infusion method and which revealed that the
group that suspended the infusion pump experienced a higher
percentage of intraoperative blood glucose > 179 mg/dl (84.2%). There
was no significant difference in mean intraoperative blood glucose
between the infusion pump group and the IV infusion group
(P=0.128).

Thus, the authors indicate that in minor elective procedures,
especially shorter procedures (<2 hours) and/or with short fasting
period, the patient can maintain insulin therapy by this administration
route. In high-risk surgeries (urgent or with a long fasting period), the
IV infusion regimen will be immediately established [8,22]. In
addition, if the site of administration to the skin may prevent the
surgical approach, discontinuation of this system and preoperative
implementation of an alternative administration (subcutaneous or IV)
is advised [8]. In preparing for surgery, it is recommended to optimize
the basal insulin dose in order to maintain stable fasting blood glucose
values, to change the infusion system, to test its function the day before
surgery, and to place the catheter far from the surgical field. On the day
of surgery, this baseline rate should be maintained, and if there was no
appropriate dose adjustment, the flow rate could be reduced by 20% to
avoid hypoglycaemia [22,23]. A specialist in this area should be
involved in these decisions to assist in the evaluation and management
of these infusion pumps [40,47].

Musculoskeletal system

Standard airway assessment techniques are appropriate in DM but
do not identify all difficulties in intubation, and it is advisable to use
the prayer sign (both hands together and with the palms facing, being
positive when there is an inability to approach them) to identify, in
patients with long-term DM, the existence of diabetic
cheiroarthropathy and the difficulty of intubation, placement of venous
access and positioning of the patient [8,13]. Kundra et al. [48], to
evaluate the perioperative morbidity associated with the positivity of
this test, carried out a recent study with 501 diabetics that showed that
in the group with positive prayer sign the average hours of ventilation
was superior in relation to the negative test group (9.52 + 6.46 h vs.
7.42 + 8.01 h, respectively, P=0.013) and that the mean length of
hospital stay was also higher (8.22 + 1.35 vs. 7.43 + 1.18 days,
P<0.0001).

Renal system

Preoperative assessment of the albumin-creatinine ratio and
glomerular filtration rate is essential in major surgery, emergencies or
if the patient presents with poor glycemic control. In the presence of
chronic diabetic renal disease, it is necessary to avoid the perioperative
administration of nephrotoxic agents and hemodynamically optimize
the patient for blood pressure averaging between 60-70 mmHg in
order to maintain renal perfusion [49,50].

Neurological system

The evaluation of the existence of autonomic cardiac dysfunction
involves simple tests using the Valsalva maneuver and evaluation of
changes in heart rate and blood pressure when moving from supine

position to sitting or in response to deep breathing. These tests allow
assessing the degree of neuropathy and are usually performed together
with a simple ECG. If neuropathy is diagnosed (confirmation by two
abnormal tests or presence of symptoms), drugs that induce
orthostatic hypotension should be avoided and the QT interval should
be evaluated [51,52]. Gastroparesis, with delay in emptying and gastric
dilation, is characteristic of the autonomic gastrointestinal neuropathy
and a risk factor for aspiration and consequent chemical pneumonitis,
bacterial contamination and infection. During the anesthetic
consultation, the patient should be questioned about classic clinical
manifestations (anorexia, nausea, vomiting, abdominal pain, feeling of
premature infarction, etc.), and if clinically suggestive, gastric antrum
should be measured and residue should be identified by ultrasound.
Some recommendations to reduce the risk of regurgitation and
aspiration during induction of anesthesia include avoiding solid food
intake and promoting gastric emptying in the preoperative period with
a prokinetic such as metoclopramide or erythromycin [8,13].

The assessment of autonomic genitourinary function, and
particularly bladder dysfunction, should be performed in any diabetic
with recurrent urinary tract infections, pyelonephritis, incontinence or
a palpable bladder, and should include renal function, uroculture,
ultrasound, and more invasive exams if necessary [11]. In diabetic
patients submitted to local-regional techniques, it is prudent to
evaluate the extent of autonomic, motor and sensory neuropathy, since
this may aggravate the hypotension associated with neuroaxial blocks
[29].

Cardiovascular system

A preoperative cardiovascular assessment should be performed with
blood pressure and heart rate measurements, search for signs and
symptoms of heart failure, cerebrovascular and peripheral vascular
disease, as well as the presence of signs of diabetic foot and peripheral
neuropathy [8]. Joint British Diabetes Societies [34] recommend
pressure relief in case of high-risk feet and avoidance of anti-embolism
stockings in case of vascular disease or peripheral neuropathy.
According to the European Society of Cardiology (ESC) and the
European Association for the Study of Diabetes (EASD) [53], the
evaluation of heart disease with more specific and/or more invasive
examinations should be performed only in patients at high
cardiovascular risk (with macroproteinuria, renal failure, arterial
disease, etc.). Patient positioning should also be slow and controlled to
avoid a sudden drop in blood pressure [11].

Intraoperative

The intraoperative period begins when the patient enters the
operating room and continues until he is transferred to the recovery
room [1]. The objective of intraoperative care is to maintain a good
glycemic control and a normal concentration of electrolytes, while also
optimizing cardiovascular function and renal perfusion [15].

Glycemic control

Clinicians should take into account the time taken to complete the
procedure when determining the intraoperative glycemic control
strategy [38]. Given the action profile and the multiple
contraindications to the in-hospital use of OADs, insulin therapy with
continuous infusion or bolus is the correct option for the perioperative
control of glycemia in diabetics, and some studies even consider that it
has other therapeutic properties (anti-inflammatory, vasodilator,
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protective of ischemic lesions, etc.) [29]. As subcutaneous insulin, if
used in these cases, may be associated with a decrease in its absorption
in case of hypothermia or peripheral vasoconstriction, undergoing
major surgery (with prolonged fasting period, long duration of surgery,
periods of inadequate tissue perfusion and/or emergency surgeries),
glycemia should be controlled through IV infusion of insulin (regular
insulin diluted in a saline solution), which should be started
preoperatively if possible [1,29,38]. This IV regular insulin remains
physiologically active for approximately one hour but has a half-life of
7 minutes, which allows for an adequate glycemic control, countering
unexpected changes in blood glucose [38].

Typically, in DM type 1, lower insulin doses are required compared
to insulin-treated type 2 DM, in order to obtain adequate glycemic
control [2]. Thus, in type 1 diabetics, the rate of insulin infusion starts
at about 0.5-1 U/hour, while the infusion rate typically increases in
type 2 DM or poorly controlled diabetics, from 1-2 U/h up to about
2-3 U/hour or more. However, there are several algorithms that can be
used to adjust the rate of insulin infusion [22,37], with insulin
requirements being generally much higher, for example, in cardiac
procedures [37]. Sliding-scale subcutaneous insulin, used for
hyperglycemia, should not be used as monotherapy in the
perioperative management of DM, because of the high risk of
hypoglycemia and inferior glycemic control [1,54].

According to the Joint British Diabetes Societies [34], if the fasting
period is short, and the patient is controlled and able to manage
diabetes after surgery, a correct modification and manipulation of the
antidiabetic medication may be sufficient to allow glycemic control in
elective surgery, with no need for insulin infusion. Thus, in minor
surgery (short surgery, for example), if preoperatively controlled
(fasting glycemia<180 mg/dl), they take intraoperative rapid
correction insulin only if necessary, IV in bolus or subcutaneous. If
uncontrolled, they should also initiate IV infusion of insulin [1,22,29].

Fluid and electrolyte management

Adequate intraoperative administration of crystalloids (assuming
no contraindications, such as congestive heart failure) helps prevent
postoperative dehydration [23]. During surgery, the replacement fluids
should not contain glucose unless there is low blood glucose, as the
tendency is for hyperglycemia. However, it is important to avoid
hyperchloremic metabolic acidosis, being it advisable do administrate,
at 100-125 ml/hr, Hartmann's solution (Ringer's lactate) or other
isotonic crystalloid solution (0.9% NaCl, for example) in order to
optimize intravascular volume [15,22]. Hartmann's solutions are
recognized as safe in administration to diabetics and do not contribute
to clinically significant hyperglycemia [55].

However, if prolonged fasting is predicted and if patients are taking
IV insulin infusions, 5-10% glycated sera should be given at 100-125
ml/h to avoid catabolism, hunger ketosis and hypoglycemia [29].
Administration of electrolytes may also be necessary, especially to
avoid insulin-induced hypokalemia, and potassium should be
evaluated every 4 hours in the perioperative period (or every 1 hour if
there are changes in insulin flow), and if necessary, KCL may be
administered with electrocardiographic monitoring [13,26]. In
addition, there is a continuous Glucose-Insulin-Potassium (GIK)
infusion technique, which has been supported as inotropic and
metabolic therapy in severe critical disease states, and as an alternative
to the IV infusion regimen of insulin [56]. However, this method is not
authorized for individual manipulation of glucose or insulin levels and
is best suited for maintenance of glycemia after reaching a specific

target, with the use of IV insulin infusion having more advantages
(such as flexibility in independent adjustment), and therefore GIK is
usually used when the IV insulin infusion technique is not possible
[34,37].

Target glycemic range

The management of perioperative glucose levels revolves around a
few goals: to reduce morbidity and mortality, to avoid severe hypo and
hyperglycemia, to maintain fluid and electrolyte balance, to prevent
ketoacidosis, and to establish safe glycemic targets [38].

However, there is controversy regarding the target glycemic range to
be achieved during the intraoperative period. Early studies in this area
suggested that intensive glycemic control (80-110 mg/dl) had a positive
prognostic impact, but there is currently evidence that it should not be
widely recommended [22,57]. According to the ADA's most current
recommendations [58], the glycemic target should be between 80-180
mg/dl and more specifically <180 mg/dl in the critical patient and <140
mg/dl in the stable patient [31]. However, this value should take into
account several factors such as the duration and degree of surgical
invasion, the type of anesthesia and the predicted time of fasting and
resumption of antidiabetic medication. In patients with a history of
poor metabolic control, SAMBA [23] recommends maintenance of
preoperative baseline values instead of attempting to normalize blood
glucose levels because they have symptoms of hypoglycemia at normal
blood glucose levels, mainly if type 2 diabetics.

Blood glucose monitoring

Adequate blood glucose monitoring is critical in maintaining
patient safety, facilitates insulin titration, and allows the early detection
of hypoglycemia [23]. Blood glucose measurements should ideally be
performed using arterial and venous blood instead of capillary blood
and point-of-care devices (POCs), as these may show results altered by
poor peripheral perfusion, hypovolemia, shock, hypothermia and/or
acid-base disorders [8,13]. Several studies recommend against the use
of POC in the perioperative period and the preferential use of glycemic
measurements through central-laboratory devices (CL), since the latter
have better accuracy [59,60]. Thus, the use of POC may not be
appropriate in patients undergoing major surgery [8], however, in
physiologically stable patients, they correlate well with laboratory
values [61] and therefore, in general, during surgery, glycemic levels
are monitored through POC (test strip for measurement of capillary
glycemia, for example) with demonstrated hospital accuracy [37].
However, POCs also tend to overestimate glycemic values during
periods of hypoglycemia compared to laboratory values, and values
<70 mg/dl should be an alert [23].

The guidelines recommend that blood glucose be monitored
intraoperatively every hour (or every 2 hours in stable patients) during
major surgery or minor surgery in poorly controlled insulin takers,
and at least once in minor surgery [13,29]. It should be monitored
more frequently in emergency surgeries or if the values are outside the
target range or suffer a sharp variation (for example, every 15-30
minutes if there is hypoglycemia or changes in the rate of insulin
infusion) [13,37]. It should also be evaluated before induction of
anesthesia [15].

Hypoglycemia

Hypoglycemia is more likely in the intraoperative period due to
fasting, and during anesthesia it may not be recognized, which
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explains the need for frequent monitoring and its early detection [16].
If glycemia < 70 mg/dl, the IV infusion of insulin should be
discontinued and reevaluated within 5-10 minutes and if it persists
initiate 3-9 g of IV hypertonic glucose and evaluate glycemia 15-20
minutes later. The guidelines state that insulin infusion can be resumed
at a lower rate of perfusion when glycemia>100 mg/dl in two
consecutive measurements [16,22,29].

Hyperglycemia

In case of intraoperative hyperglycemia (> 180 mg/dl) in minor
surgical procedures (ambulatory or short), it should be corrected with
sliding-scale insulin, preferably subcutaneously (for ease and efficacy
in the correction), and in major surgeries by increasing the IV infusion
rate. If two doses of subcutaneous insulin do not allow reaching the
target glycemic range, IV infusion should also be initiated, since
repeated doses of subcutaneous insulin are associated with the risk of
insulin stacking and consequent hypoglycaemia [15,16,23,40]. In
diabetics, fast-acting subcutaneous insulin should be given up to a
maximum of 6 U [15,16]. This administration is done according to
sliding-scale protocols, assuming that 1 U should lower about 50 mg/dl
of glucose, or according to the patient's insulin sensitivity factor
(ISF=1800/total daily insulin dose; corrective insulin=(glycemia-130)/
ISF), being careful not to administer the new dose until the peak of
action of the previous dose has passed (about 2-4 h) so that
hypoglycaemia does not occur [1,22].

Management of the continuous subcutaneous insulin
infusion system

In the operative room, the anesthesia team assumes responsibility
for the infusion pump, and must control the connection with the
device [1,22]. Blood glucose should be checked every hour and, if
necessary, corrective insulin should be given. However, if uncontrolled
hyperglycemia, it may be necessary to convert to IV insulin infusion
[1,22]. In case of hypoglycemia, an infusion of glucose should be
administered, and if this persists, the switch should be made to
infusion of IV insulin with glycated serum [1].

Type of anesthesia

It is crucial that the anesthetic technique used allows a rapid post-
surgical recovery in order to prevent hypo or hyperglycemic coma, and
the selection should be made based on the coexistence of other
diseases [37]. Most IV induction anesthetics have an insignificant
effect on blood glucose, with the exception of the inducing agent
Etomidate, which is known to cause less hypotension and fewer
hangover-like effects in the recovery and which, by suppressing cortisol
secretion, also leads to a decrease in glycemic response to surgery. If
used at high doses during surgery, benzodiazepines decrease ACTH
secretion, stimulate growth hormone secretion, and also reduce
sympathetic stimulation. On the other hand, volatile anesthetic agents,
such as halothane and isoflurane, inhibit the normal insulin
production triggered in a dose-dependent manner by glycemia,
resulting in a hyperglycemic response [37].

Thus, the type of anesthesia influences the hyperglycemic response
during surgery. While the most commonly used anesthetic agents
cause hyperglycemia, epidural or local anesthesia tends to have a
nominal effect on glucose metabolism by inhibiting the release of
catecholamines, preventing glycemia elevation, and allowing
sympathetic efferent blockade, attenuating the normal hyperglycemic

response to surgical stress [37]. Li et al. [61], in a recent meta-analysis,
showed that, compared to general anesthesia, the combination of
general and epidural anesthesia was associated with better
intraoperative glycemic control, and one of the studies showed that it
could even decrease glycemic values.

In general, the response to neuromuscular blocking agents is normal
in diabetics, but in patients with neuropathies or irregular
transmission through the neuromuscular junction, hemodynamic
instability due to severe hypotension (the same effect as is induced by
general anesthesia) and possible increase of the risk of neuropathy
after peripheral nerve block may occur [11,37], and these patients
should always be examined for signs of existing polyneuropathy [13].
However, loco-regional techniques are not contraindicated in diabetics
and have some advantages, such as avoiding orotracheal intubation
(which may be difficult), allowing the evaluation of the central effects
of hypoglycemia and the recovery of oral intake earlier by decreasing
nausea and vomiting [29].

Renal system

In the presence of chronic diabetic renal disease, hemodynamic
monitoring is recommended to evaluate the volume and guide the
need for vascular filling and administration of vasopressors in case of
risk of instability (surgical hemorrhage, for example) [50]. The
administration of anesthetic agents should also take into account the
pharmacokinetic and pharmacodynamic changes resulting from this
chronic renal failure [13].

Neurological system

The hemodynamic response to intubation is altered in diabetics
with autonomic neuropathy, and therefore, must be executed with
careful monitoring, titrated anesthesia and minimal manipulation of
the airway [11]. In patients with a high risk of gastroparesis and
consequent aspiration, it is important to consider the use of a rapid-
sequence intubation [62,63].

Cardiovascular system

In diabetics with autonomic cardiac neuropathy, hemodynamic
status influences the titration of anesthesia, requiring continuous
monitoring of blood pressure and heart rate, electrocardiogram to
identify rhythm disturbances and ischemic changes, and central
venous pressure to assess volume. In these patients with autonomic
neuropathy and cardiovascular instability, but subject to neuraxial
central anesthesia, ultrasound-guided nerve block is safer [11].

Postoperative

Resumption of food intake: Diabetics undergoing major surgery
resume oral ingestion more than 4 hours after surgery, and those
undergoing minor surgery less than 4 hours after surgery [29]. If the
patient is unable to tolerate oral nutrition for a long period of time,
total parenteral nutrition should be considered, and enteral nutrition
should be resumed as soon as possible as it has a lower infection rate,
lower cost, earlier restoration of normal bowel function and reduced
hospitalization time [64]. However, in patients treated with intra-
operative I'V insulin, it will be more advisable to continue the infusion
of insulin together with an infusion of glucose until they are able to
tolerate oral feeding [37].

Control of pain, nausea and vomiting: According to the Association
of Anaesthetists of Great Britain and Ireland [15], post-operative
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multimodal analgesia should be used along with appropriate
antiemetic prophylaxis to allow an early return to normal diet and
antidiabetic regimen, promoting a more precocious hospital discharge.

One of the most important and validated antiemetics for
perioperative use is dexamethasone, which increases the risk of
hyperglycemia, and at the dose of 4 mg is considered more antiemetic
than at the dose of 8 mg, being it reccommended to use the first dose in
combination with another antiemetic such as droperidol or a 5-HT3
antagonist [8,13,23]. Glycemic measurement should be ensured every
hour, up to 4 hours after dexamethasone administration, and corrected
for hyperglycemia if necessary [15].

Poorly controlled pain is also a risk factor for hyperglycemia,
especially in uncontrolled diabetics, with common analgesics not
affecting glycemic control and able to be used without modifying the
indication or dose. The use of local anesthesia is also associated with
better postoperative pain control, although the interference of
hyperglycemia in the immune system also makes postoperative
epidural abscesses more likely [13,29].

Blood glucose monitoring: Shortly after surgery, capillary glycemia
should always be evaluated [16,22]. In major surgeries, blood glucose
should continue to be monitored hourly until 4 hours postoperatively,
every 2 hours thereafter, and after stabilization, it may be changed to
intervals of 4-6 hours [16,29]. In subjects undergoing minor surgery, it
should be monitored at the end of the fast or 4 hours after surgery [29].

Target glycemic range: According to the guidelines, the
postoperative target glycemic range is 140-180 mg/dl [37]. However, if
patients are monitored in an ICU after surgery due to surgical
complications or comorbidities, the hyperglycemic response to stress
(mean blood glucose of 180-220 mg/dl) should be taken into account
and a strategy with more tolerant glycemic management should be
developed [65].

Hypoglycemia: The risk of hypoglycemia remains up to 3-4 hours
after the last regular insulin dose and up to 1.5 hours after the last
rapid insulin dose, and its occurrence should be monitored (glycemic
values and suggestive symptoms) [13,42]. When capillary glycemia <
70 mg/dl and there is no contraindication for oral feeding, the patient
should ingest about 15g of sugar (in a glass of water or through a juice,
for example) and measure glucose 15 minutes later, repeat if levels
remain low and, if necessary, IV hypertonic glucose may be
administered [16,22]. If glycemic levels are low and oral feeding is not
indicated or the patient is unconscious, IV infusion of glucose or
administration of subcutaneous glucagon (if there is no IV access)
should be done immediately [23,37].

Hyperglycemia: Due to the stress associated with surgery,
postoperative complications and the side effects of anesthesia, there is
usually an elevation of glycemia and difficult glycemic control in the
postoperative period [8,37]. If blood glucose>180 mg/dl, corrective
insulin should be administered [16]. If glycemia>250-300 mg/dl in
patients treated with insulin, the presence of ketosis should be
investigated and, if present, hydration and rapid insulin analogue
should be rapidly initiated. If present in type 2 diabetics, electrolytes
should be dosed to confirm the presence of hyperosmolar syndrome
and refer to the intensive care unit (ICU) [13].

Management of antidiabetic treatment: When the patient is able to
safely resume food intake without nausea or vomiting, the infusion of
IV insulin may be terminated and the glycemic control procedures

applied before surgery may be restored, being it possible that they have
to be adjusted as a result of stress or altered caloric intake [37].

The basal-bolus scheme is the most adequate and safe for the
postoperative period [13,66]. The literature recommends that the
transition from IV to subcutaneous insulin occurs early (after the
patient has stable glycemia and without vasopressor drugs) and with
overlapping of the two types of insulin, to assure a basal insulin
concentration in type 1 diabetic, preventing ketoacidosis, and to
increase glycemic control in type 2 diabetics [37,38]. An insulin-
dependent diabetic should continue IV infusion of insulin at least 30 to
60 minutes after the first dose of fast acting subcutaneous insulin
(administered with a meal) [1,15], and at least 2 to 4 hours after the
administration of long-acting insulin (if it had been stopped) [16]. In
this transition, the subcutaneous basal insulin dose corresponds to
approximately 50-80% of the total dose of IV insulin administered
within 24 hours of intraoperative [29,38,67]. Postprandial insulin
requirements for rapid insulin bolus should be assessed according to
how the patient is being nourished [37]. The recommendations of
ADA and AACE [31] are that, of the total subcutaneous dose (80% of
IV dose of insulin), 70% is given as baseline and 30% as a prandial
dose in the postoperative period. In type 2 diabetics or non-diabetic
patients, whose blood glucose levels were controlled with low insulin
infusions (< 2 U/h), no transition is needed, with just adequate
glycemic monitoring and subcutaneous insulin correction boluses
being maintained if necessary. Type 2 diabetics treated with insulin
also initiate the usual prescription of insulin when they resume oral
intake [16,21].

If IV infusion of insulin was given in a short period of time, to a
patient not previously treated with insulin, but postoperative glycemic
levels remain high, it is correct to initiate insulin at the daily dose of
0.5-1 U/kg (50% long action and 50% fast analogue) [13]. Concerning
OADs, the guidelines advise the commencement of preoperative doses
at the beginning of food intake (since most of the hypoglycemic agents
act after food intake), and it may be necessary to reduce or delay the
intake of sulfonylureas if food intake is likely to be reduced [15,23].
The exception is metformin, which, when there is suspicion of renal
hypoperfusion or 24 hours after major surgery, is resumed only after
evaluation of renal function and verification of a GFR>60 ml/min,
provided there is no risk of metabolic acidosis [29,68]. Documentation
of adequate renal function is also required in the resumption of
SGLT-2 inhibitors if renal dysfunction is suspected [22].

In the case of diabetics without previous diagnosis, the possibility of
initiation of OAD and dietary recommendations is advised, and a
consultation for primary health care should be scheduled within 1
month [13]. Decisions regarding the ambulatory DM treatment
regimen should be based on renal function, dietary intake, general
functional status and type of surgical procedure performed [8], and the
patient should be involved in this planning of postoperative care [15].

Management of the continuous subcutaneous insulin infusion
system: If the patient maintained the system intraoperatively, in the
postoperative period he should start prandial bolus according to the
usual scheme, once he starts oral ingestion [22]. If it has not been
maintained, the pump must be reconnected if the patient is able to
handle it independently. If the patient is not autonomous, it is
mandatory to start a bolus-basal scheme with subcutaneous insulin
[13].

Pre-discharge evaluation: Before discharge, the capillary glycemia
should be checked [22,23]. If glycemia < 180 mg/dl, ambulatory
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medication can be resumed and the patient can be discharged; if
glycemia>180 mg/dl, rapid insulin bolus should be given and discharge
should be postponed until stabilization; and if glycemia>300 mg/dl,
discharge is contraindicated and the patient is admitted for IV infusion
of insulin [13]. Discharge should not be delayed only because of poor
glycemic control and consideration should be given to the patient's
ability to manage diabetes at home, being it advisable for care teams to
educate the diabetic patient [34].

Some studies and recommendations are in favor of using the HbAlc
value to guide the treatment regimen at discharge, and patients with an
acceptable glycemic control (HbAlc < 7-8%) can be maintained with
pre-hospitalization treatment, if there are no contraindications, and
patients with suboptimal control should intensify therapy (add and/or
increase OADs and/or basal insulin) [16]. The need for ambulatory
support and involvement of the primary care team in the discharge
planning should be assessed [34].

Neurological system

Orthostatic hypotension may be precipitated postoperatively, being
it mandatory to do continuous monitoring of blood pressure, oxygen
supplementation and adequate analgesia within 24 hours after any
intervention [11].

Discussion

The combination of an increased incidence of the disease and an
inadequate perioperative approach to diabetes has led to an increased
rate of surgical complications, mortality, and treatment costs [1].

It is commonly reported that perioperative glycemic control
contributes to reducing the morbidity and mortality of diabetics [22].
In fact, there appears to be a correlation between glycemia and
postoperative morbidity and mortality, with glycemia levels <180
mg/dl usually associated with a lower risk of poor surgical outcomes
[13]. Several studies have even shown that the risk of complications
and mortality is related to the severity of hyperglycemia, with
increased risk even in non-diabetic patients [69,70].

Abdelmalak et al. [70] demonstrated that preoperative glycemia is
associated with mortality in the first year (P<0.001). Frisch et al. [68]
also concluded that the risk of death increases in proportion to
perioperative glucose levels (P=0.008) and that perioperative
hyperglycemia is associated with an increase in length of hospital stay
(P=0.001), a greater number of postoperative cases of pneumonia,
systemic and urinary tract infection (P=0.001), acute renal failure and
acute myocardial infarction (P=0.005). McConnell et al. [71] Also
concluded that postoperative hyperglycemia is associated with a higher
percentage of surgical site infection. More recently, Kotagal et al. [69]
also reported a dose-response relationship between glycemic levels and
compound adverse events, especially in diabetics. Kwon et al. [72]
identified a dose-effect relationship between the efficacy of glycemic
control with insulin and prognosis, and concluded that assessment of
perioperative glycemia and insulin administration in hyperglycemia
are important goals.

Thus, the prognostic impact of this hyperglycemia justifies its early
detection through regular glycemic measurements and its correction,
especially in patients at high surgical risk [13].

Further to this, several studies have also shown the relationship
between high values of preoperative HbAlc and surgical outcomes. A
recent study by Narayan et al. [73] showed that an HbAlc > 6.5% was

associated with a significant increase in the incidence of deep sternal
wound infection (P=0.04) and respiratory complications (P=0.01) in
patients undergoing coronary bypass. Kallio et al. [74] also had similar
conclusions, showing an increase in the rate of complications and a
prolongation of hospitalization in patients with uncontrolled DM and
HbAlc (P<0.001), being there a progressive decrease in complications
with tighter control of Hb1Ac. In other studies, preoperative values of
HbAlc 2 6.5% are also associated with a postoperative glycemic
variability, an increase in major adverse events [75,76] and a decrease
in intraoperative insulin sensitivity [77-79].

Thus, glycemic control has been increasingly recognized as a
perioperative goal in surgical patients [37], and it is advisable to
postpone elective surgeries when the value of glycemia and HbAlc is
very high [13]. However, there is no consensus regarding the optimal
HbAlc concentration, nor sufficient evidence to recommend the
postponement of elective surgeries from a specific value of HbAlc or
fasting glycemia [16,23].

The literature supports the prevention of hyperglycemia and also
hypoglycemia, but the ideal range between these two points remains
equally undetermined [13] and several studies evaluating tight
perioperative glycemic control have had inconsistent results [23].

In general, it is currently accepted that perioperative
normoglycemia (80-120 mg/dl), like hyperglycemia, increases
morbidity and mortality by increasing the rate of hypoglycemia, and
that moderate perioperative glycemic control (140-180 mg/dl) is the
one with better results (although it requires complex insulin protocols
that are difficult to implement) [13].

Bhamidipati et al. [77] showed that moderate glucose (127-179
mg/dl) was associated with lower mortality (P=0.02) and lower
incidence of major complications (P < 0.001), similar to Duncan et al.
[78] who have shown that blood glucose levels between 140 and 170
mg/dl are associated with a decreased risk of adverse events. In a study
conducted in an ICU by Finfer et al. [80] it was also shown that
intensive glycemic control (target range 81 to 108 mg/dl) increased
cardiovascular mortality (P=0.02) and the number of hypoglycemic
seizures (P < 0.001), while target values < 180 mg/dl resulted in a
decrease in mortality. Another study conducted in an ICU [81] and
another meta-analysis [82] also concluded that strict glycemic control
was associated with a much higher risk of hypoglycemia with no
improvement in mortality.

Thus, AACE and ADA [31] now advise less aggressive therapy for
blood glucose targets between 140-180 mg/dl, contrary to previous
recommendations. The Society of Critical Care Medicine [83] also
places 150 mg/dl as a glycemic target in all non-cardiac patients, and
values <180 mg/dl are accepted by some authors [34,40].

Likewise, the optimal and best glycemic management strategy
remains undetermined, and there is no consensus regarding how
hyperglycemia should be controlled in surgical patients, being there no
sufficient evidence in the literature to guide the use of insulin in an
insulin-dependent patient, and a lack of cut-off values [23,26]. For
example, in 2009 the Society of Thoracic Surgeons guidelines [84]
recommended the use of insulin infusion for hyperglycemia>180
mg/dl, whereas in 2012 the Critical Care Society reported that patients
with blood glucose>150 mg/dl should be treated to keep values below
this [83].

There is also insufficient evidence on the preoperative management
of OADs and insulin [23]. It is recognized that various
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recommendations offer a large number of different preoperative
instructions regarding antidiabetic medication in the day before and in
the day of surgery, and the fear of hypoglycemia often leads to
inappropriate practices of stopping all medication in diabetics [16]. For
example, it has been recommended that OADs be discontinued the day
before surgery because of the risk of hypoglycemia and other
complications [23,40], but, on the other hand, for example, the Joint
British Diabetes Societies [34] state that metformin may be maintained
on the day of surgery if there is no renal injury and the Society for
Ambulatory Anesthesia [23] states that metformin should be taken the
day before but not on the day of surgery.

Given this, according to SAMBA [23], there are many areas that
require future studies and for which the current information is
insufficient and conflicting, being it necessary to develop adequate and
well-designed  studies to make safer and more universal
recommendations.

Overall, with the use of careful glycemic management strategies,
surgical outcomes are similar in diabetics and non-diabetics [37].
Therefore, according to Monteiro et al. [22], the implementation of
institutional protocols that promote adequate preoperative assessment,
the selection of safe glycemic targets and the minimization of risk
factors for postoperative complications, improve the prognosis of these
patients.

In this context, Udovcic et al. [85] revealed in an investigation that,
after the introduction of guidelines, there was in fact an increase in the
pre-operative (P<0.01) and intraoperative (P<0.01) glycemic
monitoring, increased use of insulin during the whole perioperative
period (P<0.01) and significantly lower pre and postoperative glycemic
mean values (P<0.01). A similar study by Shah et al. [84], also showed
that the Hb1Ac value was measured in a higher percentage in a group
evaluated after the implementation of guidelines (P<0.01), as well as
pre and intraoperative blood glucose monitoring (P<0.001), and an
increase in the use of perioperative insulin (P < 0.04) as well as lower
pre and postoperative blood glucose mean levels (P<0.01) were also
observed. McCavert et al. [86] also demonstrated that glycemic
optimization, based on the use of a hospital protocol, was associated
with a 25.4% reduction in perioperative complications, and the authors
recommended the use of pre-defined guidelines in all diabetics.

That being said, it is urgent to elaborate proposals of new protocols,
to evaluate them and to implement them in all hospital institutions, as
well as reevaluating them periodically [29].

Finally, another main problem is that the prevalence of undiagnosed
DM, mainly type 2 DM (usually asymptomatic), and is high in
hospitalized patients [13]. A study by Abdelmalak et al. [87] showed
that, of the 33923 surgical patients analyzed and known as non-
diabetic, 10% were undiagnosed diabetics and 11% had pre-diabetes.
Sheehy et al. had similar results, having concluded that undiagnosed
DM and pre-diabetes are common. That is why correct preoperative
evaluation is equally essential in these patients [88].

Key Learning Points

Preoperative

« The authors recommend a preoperative anesthetic evaluation with
medical optimization, risk stratification and an adapted surgical
plan.

« Discontinuation of OADs and fast-acting insulin on the day of
surgery is generally advised, and basal and intermediate insulins are
usually continued.

« It is essential to identify all diabetics and prioritize them in the list of
surgeries, minimizing the fasting time to about 6 hours.

o The authors stress the need for frequent glycemic monitoring to
ensure that glycemia is in the target range.

¢ According to the guidelines, hyperglycemia should be corrected with
sliding scale fast acting insulin, and hypoglycemia with sugar-rich
drinks, glucose tablets or IV glucose, depending on the time
remaining for surgery.

o Cancellation of non-urgent procedures should be considered if
patients exhibit metabolic abnormalities (ketoacidosis, hyperosmolar
hyperglycemic syndrome or dehydration), glycemic measurements
above 300-500 mg/dl, and/or HbAlc > 8.5-9% or <5%.

« In the preparation of the diabetic it is also advised to do prayer sign
evaluation (to identify difficulty in intubation), cardiovascular
evaluation, hemodynamic optimization when there is risk of renal
dysfunction, and the promotion of gastric emptying with
metoclopramide or erythromycin in case of autonomic
gastrointestinal disfunction.

Intraoperative

o The authors recommend the use of IV infusion of regular insulin for
glycemic control in major surgeries, and the use of corrective rapid
insulin (IV or subcutaneous), if necessary, in minor surgery.

o Fluid replacement should be done with Hartmann's solutions, but in
the case of prolonged fasting and/or IV insulin infusion, 5-10%
glycosated sera should be given.

« The guidelines advise blood glucose monitoring every hour (or every
2 hours if patients are stable) and more often when values are
outside the target range or suffer variations.

e According to the most current recommendations, the glycemic
target should be between 80-180 mg/dl.

« In case of hyperglycemia, in minor surgery it is described that this
should be corrected with sliding-scale rapid subcutaneous insulin
(up to a maximum of 6 U) and in major surgeries by increasing the
IV infusion rate; if hypoglycemia is suspected, IV infusion of insulin
should be suspended and, if necessary, hypertonic glucose IV should
be initiated.

o Loco-regional techniques, although they may be associated with
hemodynamic instability in patients with neuropathy, appear to have
advantages over general anesthesia, such as a lower risk of
hyperglycemia.

« In patients at high risk for gastroparesis and consequent aspiration,
it is important to consider the use of a rapid-sequence intubation.

Postoperative

« Early return to oral nutrition is recommended (more than 4 hours
after major surgery and less than 4 hours after minor surgery).

o Multimodal analgesia and antiemetic prophylaxis are also advised to
allow a rapid return to a normal dietary and therapeutic routine, as
well as an earlier hospital discharge.

o According to the guidelines, the target glycemic range in this period
is 140-180 mg/dl.

o When the patient is able to safely resume food intake, the OADs and
insulin can be restored, with the basal-bolus insulin regimen being
the most appropriate and there being a need for continuation of IV
perfusion (at least 30-60 minutes), in the transition to subcutaneous
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insulin, after the first dose of rapid insulin to ensure a basal insulin
dose.

« In the event of hypoglycemia and if there is no contraindication to
oral feeding, the patient should ingest sugar or, if necessary,
hypertonic IV glucose should be administered; if oral feeding is not
indicated or the patient is unconscious, IV infusion of glucose or
administration of glucagon are advised.

e In case of hyperglycemia, supplemental corrective insulin can be
used to restore glycemic values according to the target range.

« Before discharge, capillary blood glucose should be checked and the
HbAlc value should be used to determine whether pre-
hospitalization treatment should be maintained or whether it should
be intensified.

Conclusion

DM is a constantly growing public health problem and is therefore
also very common in surgical patients. However, both diagnosed and
undiagnosed DM, negatively affect surgical outcomes. In this group of
patients, the main objective of the perioperative period is to prevent
dysglycemia. For this purpose, it has been recommended, in the
preoperative period, to do medical optimization and risk stratification,
with the execution of a surgical plan appropriate to the patient; in the
intraoperative period, the use of IV insulin infusion and frequent
glycemic monitoring with correction of hyper and hypoglycemia, in
order to maintain glycemic targets of 80-180 mg/dl; and in the
postoperative period, an early return to oral nutrition and to the initial
therapeutic regimen of the diabetic, as well as a pre-discharge
therapeutic optimization.

However, this review shows that there are still controversies in this
subject and a great shortage of studies that support specific measures
and establish universal cut-offs in these so demanding patients from a
surgical point of view. Therefore, although no single scenario describes
what to do with diabetics undergoing surgery, this review leads to the
belief that there should be clearer and more appropriate guidelines
regarding the perioperative approach and the control of hyperglycemia
from preoperative to postoperative, with attention to the specific needs
of these patients, based on better evidence and carried out by
multidisciplinary teams. This would not only allow minimizing
perioperative complications, promoting better glycemic control and
avoiding cancellation of surgeries, but also decrease the percentage of
undiagnosed DM.

With this review, it is also concluded that it is increasingly important
that patients with DM have more and better capacity to manage their
own disease, so as to facilitate their optimization in the surgical
context, which is already, in it, a constant challenge.
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