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Abstract Diabetes mellitus is an increasingly common
disease that affects people of all ages, resulting in signifi-
cant morbidity and mortality. Diabetic patients require
perioperative care more frequently than their nondiabetic
counterparts. The major risk factors for diabetics under-
going surgery are the associated end-organ diseases: car-
diovascular disease, autonomic neuropathy, joint collagen
tissue, and immune deficiency. Physicians need to pay
extra attention to preoperative and preprocedure evaluation
and treatment of these diseases to ensure optimal periop-
erative management.
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Introduction

During the past 20-30 years, the prevalence of diabetes
mellitus (DM) has rapidly increased throughout the world,
the prediction being that it will increase by 200% in the
next several decades [1-4]. Inevitably, physicians will be
confronted with an increasing population of diabetic
patients undergoing anesthesia and surgery who may have
serious complications, such as hypertension, ischemic heart
disease, nephropathy, and autonomic neuropathy [1, 2].
Compared with the standard population, diabetics have as
much as a two- to threefold greater frequency of
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cardiovascular disorders [4], the mortality rate from which
is three times higher than in the standard population.
Hospital mortality rates among diabetics are also signifi-
cantly increased; patients with DM had postoperative
strokes more often and spent, on average, more days in
hospital [3]. In Part I of this review, we focus on anesthetic
considerations in diabetic patients during the preoperative
period.

Prevalence of diabetes mellitus

The drastic increase in the incidence of DM appears to be
multifactorial though most heavily impacted by aging of
the population and the expanding epidemic of obesity and
inactivity. Other factors that impact the development of
diabetes appear to be related to chronic inflammatory
processes, therapies that result in glucose intolerance, and a
genetic tendency to abnormal mitochondrial oxidative
phosphorylation [5].

It is widely known that the presence of DM greatly
affects perioperative mortality and morbidity. Szab¢ et al.
[6] examined 2,779 consecutive diabetic patients under-
going coronary artery bypass graft (CABG) surgery. They
showed that time spent in the intensive care unit and hos-
pital was prolonged and that the need for inotropic agents,
hemotransfusions, and dialysis was higher in the diabetic
group compared with nondiabetic patients. In addition,
renal failure, stroke (4.3 vs. 1.7%), mediastinitis, and
wound infections were more frequently encountered in
diabetic patients. They also found that although the 30-day
mortality rate in diabetic patients was 2.6 versus 1.6% in
nondiabetic patients (p = 0.15), cumulative 5-year survival
in diabetic patients was 84.4 versus 91.3% in nondiabetic
patients (p < 0.001).
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An important concern about diabetic patients is that a
significant number with type 2 DM do not know that they are
diabetic until the time of surgery. Lauruschkat et al. [7]
evaluated the prevalence and risk of undiagnosed DM in
7,310 patients who underwent CABG between 1996 and
2003. Their study is interesting in that it shows that undi-
agnosed diabetic patients more frequently required resusci-
tation (nondiabetic 1.7%, known diabetic 1.5%, undiagnosed
diabetic 4.2%) and reintubation (nondiabetic 2.1%, known
diabetic: 3.5%, undiagnosed diabetic 5.0%), and often
required a longer period of ventilation (nondiabetic 5.6%,
known diabetic 7.4%, undiagnosed diabetic 10.5%). In
addition, perioperative mortality rates were highest in
undiagnosed diabetic patients (nondiabetic 0.9%, known
diabetic 1.4%, undiagnosed diabetic 2.4%). Hence, in addi-
tion to the usual history and physical examination, it is
important to evaluate all patients presenting for surgery for
the presence of DM and subsequently initiating treatment,
such as diet, oral antidiabetic drugs, or insulin.

Diabetes related complications

Since long-standing hyperglycemia in most patients com-
promises one or more end organs, coexisting pathologies
must be identified and carefully managed perioperatively.

Stiff-joint syndrome

The syndrome of joint contractions and nonfamilial short
stature in patients with juvenile-onset DM was first
reported by Rosenbloom and Frias [8]. They reported three
adolescent patients with stiffness of the fingers, wrists,
ankles, and elbows, with tight skin over the affected joints.
One patient had spine involvement as well. In another
study by the same group, Grgic et al. [9] found that the
syndrome occurred in 65 of 229 adolescents with juvenile-
onset DM. Subsequently, in a 1981 study of 309 patients,
they found a positive correlation with microvascular dis-
ease, the incidence being unrelated to the adequacy of
blood glucose control or insulin dose [10]. Twenty-seven
of these patients had either cervical spine involvement or
obvious hand deformity at rest. This symptom typically
begins in the metacarpophalangeal and proximal inter-
phalangeal joints of the fifth finger and spreads medially.
Other large joints, including the cervical and thoracolum-
bar spine, can also be affected. When affecting cervical
joints, it can result in limited joint mobility, called stiff-
joint syndrome. The mechanism of stiff-joint syndrome in
diabetic patients is, however, unknown. One possibility is
that the chronic hyperglycemia of diabetes can induce
abnormal cross-linkage of collagen by nonenzymatic
glycosylation in connective tissues.
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Salzarulo and Taylor [11] first reported a case of diffi-
cult endotracheal intubation due to diabetic stiff-joint
syndrome in 1986 in a 36-year-old man with juvenile-onset
DM who could not be intubated due to severe limitation of
tilting the head on the atlas. In 1988, Hogan et al. [12]
retrospectively examined the incidence of difficult laryn-
goscopy in 40 diabetic patients undergoing pancreatic
transplantation and in 75 diabetic and 112 nondiabetic
patients undergoing kidney transplantation. They found
that 32% of the 115 diabetic patients had a difficult lar-
yngoscopy compared with 2.7% of 112 nondiabetic
patients. In 1995, Beebe et al. [13] reviewed their experi-
ence with perioperative management of diabetic pancreatic
transplant patients and found that seven (13%) of their 55
patients had this problem. Reissell et al. [14] examined the
difficult laryngoscopy conditions in 31% of 62 diabetic
patients who underwent renal transplantation or vitrec-
tomy. Warner et al. [15] examined 725 patients who
underwent renal or pancreatic transplantations under gen-
eral anesthesia with endotracheal intubation. Patients with
diabetes were found to have a significantly (p = 0.002)
higher frequency of difficult laryngoscopy [4.8%, 95%
confidence interval (CI) 2.3-8.6%] versus patients without
diabetes (1.0%, 95% CI 0.3-2.2%). A recent study from
Mashour et al. [16] demonstrated that the presence of DM
is one predictor of difficult laryngoscopy in the morbidly
obese. Their study interestingly noted that diabetic patients
with easy laryngoscopy (Cormack-Lehane laryngoscopic
view grades 1 and 2) had a mean glycosylated hemoglobin
(HbAlc) of 6.2 &+ 1.3%, whereas those with difficult
laryngoscopy  (Cormack-Lehane laryngoscopic view
grades 3 and 4) had a mean HbAlc of 8.7 & 1.9%. Some
reports show the efficacy of the palm print as a sensitive
predictor of difficult laryngoscopy in diabetic patients [14,
17]. In contrast, Erden et al. [18] reported no relationship
between the “prayer sign” (inability to approximate the
palmar surfaces of the phalangeal joints despite maximum
effort) and difficult laryngoscopy.

Cardiovascular disease

The chronic effects of DM can be divided into microvas-
cular (including diabetic retinopathy and nephropathy),
neuropathic (autonomic and peripheral), and macrovascular
complications (atherosclerotic disease). Perioperative car-
diovascular morbidity and mortality are increased two- to
threefold in patients with diabetes [4]. Diabetic patients
have an increased risk of various cardiovascular patholo-
gies, including hypertension, coronary artery disease,
peripheral arterial disease, systolic and diastolic cardiac
dysfunction, and congestive heart failure. Cardiovascular
pathology is the cause of death in 80% of diabetic patients.
The recent American College of Cardiology/American
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Heart Association updated guidelines on perioperative
cardiac assessment of patients undergoing noncardiac sur-
gery place diabetics, especially those receiving insulin, at a
minimum of intermediate risk [19]. They also state that the
vast majority of diabetic patients >65 years of age have
significant symptomatic or asymptomatic coronary artery
disease, with a greater incidence of silent ischemia.
Reduced appreciation for ischemic pain can impair timely
recognition of myocardial ischemia or infarction, thereby
delaying appropriate therapy. Silent ischemia in diabetic
patients may result from either autonomic neuropathy,
coronary artery disease itself, or both [20, 21]. In the
Framingham study [22], the rates of unrecognized myo-
cardial infarction were 39% in diabetic patients and 22% in
nondiabetic patients. In a survey from the National Registry
of Myocardial Infarction 2 (NRMI-2), of 434,877 patients
presenting with myocardial infarction, 33% did not have
chest pain [23]. Thirty-two percent of those presenting
without chest pain had diabetes versus 25.4% in the group
with chest pain. The mechanisms of painless myocardial
ischemia are, however, complex and not fully understood.
In the Detection of Ischemia in Asymptomatic Diabetics
(DIAD) study in 1,123 patients with type 2 diabetes, cardiac
autonomic dysfunction was a strong predictor of ischemia
[24]. Thus, patients with autonomic neuropathy warrant
more careful attention, and cardiovascular autonomic
function testing may be an important component in the risk
assessment of diabetic patients with coronary artery disease.
Another concern is that diabetic cardiomyopathy is a
common feature in diabetic patients [25]. Diabetes pre-
disposes to the development of a specific cardiomyopathy
that contributes to increasing cardiovascular risk. Diabetic
cardiomyopathy progresses from impaired ventricular
relaxation to diastolic dysfunction with high left ventricular
filling pressures and finally to overt heart failure. As many
as 60-75% of asymptomatic, well-controlled patients with
type II diabetes demonstrate diastolic dysfunction with
increased left ventricular filling pressures [26].
Hypertension develops more commonly in diabetic
than in nondiabetic patients and increases in frequency
over time and is closely related to the development
of progressive nephropathy [27]. Hypertension usually
develops within 3 years of the onset of microalbuminuria.
The risk of hypertension and renal insufficiency is
greatest in African Americans. In type 2 diabetic patients,
modest blood pressure control may be more important
than chronic glycemic control [27]. In this trial, the UK
Prospective Diabetes Study Group reported that blood
pressure control using an angiotensin-converting enzyme
inhibitor or beta-blocker significantly reduced the risk of
death from diabetes-induced macrovascular pathology
[28]. Current recommendations are to target a blood
pressure of <130/80 mmHg in hypertensive diabetics.

Diabetic autonomic neuropathy

Diabetic autonomic neuropathy is a serious and common
complication of diabetes that can affect many organ systems
throughout the body, such as the gastrointestinal, genito-
urinary, and cardiovascular systems. The major clinical
manifestations of diabetic autonomic neuropathy include
resting tachycardia, exercise intolerance, orthostatic hypo-
tension, constipation, gastroparesis, sudomotor dysfunction,
impaired neurovascular function, and hypoglycemic auto-
nomic failure. Determination of the presence of diabetic
autonomic neuropathy is based on a battery of autonomic
function tests. R-R variation, Valsalva maneuver, and pos-
tural blood pressure tests can be useful in determining the
presence of cardiovascular autonomic dysfunction. Other
tests for autonomic neuropathy are less standardized and less
available than commonly used tests of cardiovascular
autonomic function. Interpretability of heart rate variability
testing requires accurate, precise, and reproducible proce-
dures that use established maneuvers. Detailed practical
testing is amply described in other reviews [20, 21].

Gastroparesis

Gastrointestinal symptoms are relatively common in
patients with diabetes and often reflect diabetic gastroin-
testinal autonomic neuropathy [21]. Esophageal dysfunc-
tion, the symptoms of which include heartburn and
dysphagia for solids, results in part from vagal neuropathy
[29]. Via the use of radioisotopic techniques that quantify
gastric emptying, it appears that ~50% of patients with
long-standing diabetes have delayed gastric emptying
(gastroparesis) [30]. Gastric emptying largely depends on
vagus nerve function, which can be severely disrupted in
patients with DM. Gastroparesis in DM is usually silent,
although severe diabetic gastroparesis is one of the most
debilitating of all diabetic gastrointestinal complications.
The major clinical features of this disorder are early satiety,
anorexia, nausea, vomiting, epigastric discomfort, and
bloating. Wright et al. [31], using radionuclide techniques,
assessed the gastric emptying of fluids and solids in dia-
betic patients and showed that although the gastric emp-
tying rate of fluids was similar between nondiabetic and
diabetic patients, the gastric emptying rate of solids was
markedly delayed in diabetic patients compared with that
in nondiabetic patients. This study interestingly noted that
metoclopramide infusion (10 mg IV bolus) normalized
delayed solid emptying rates without affecting fluid emp-
tying rates. Cavallo-Perin et al. [32] demonstrated that the
acetaminophen test (rate of acetaminophen absorption after
ingestion of 1,500 mg of the drug) is a simple, safe, and
noninvasive test for the quantitative assessment of gastric
emptying in diabetic patients.

@ Springer



742

J Anesth (2010) 24:739-747

The increased volume of gastric contents associated
with diabetic gastroparesis enhances the risk of acid aspi-
ration during the induction of anesthesia. These patients are
often asymptomatic, which—together with unpredictable
difficulties in tracheal intubation due to the possibility of
diabetic stiff-joint syndrome—further increases the risk of
aspiration. In contrast to the efficacy of metoclopramide
infusion in normalizing delayed solid emptying rates,
10 mg of cisapride 100 min before anesthesia failed to
demonstrate any effects on gastric contents and postoper-
ative gastrointestinal motility [33].

Hypoglycemia unawareness

Preoperative fasting for several hours before anesthesia and
surgery, in order to empty gastric contents and protect
against gastric aspiration during the induction of anesthe-
sia, is a prerequisite for elective anesthesia and surgery.
Although most patients can safely fast for several hours
before surgery, it is possible that diabetic autonomic neu-
ropathy in these patients can cause or contribute to hypo-
glycemia unawareness with several hours of preoperative
fasting. Although the relationship between diabetic auto-
nomic neuropathy and hypoglycemia unawareness is
complex, it is possible that the presence of autonomic
neuropathy attenuates the epinephrine response to hypo-
glycemia in diabetic individuals [34]. Hence, to avoid
hypoglycemia in diabetic patients with autonomic neu-
ropathy, in whom hypoglycemia unawareness can lead to
silent hypoglycemia, glucose-containing fluids, such as
orange juice, should be at the bedside or in the car for
emergency use.

Other concerns related to diabetic neuropathy

About 30 years ago, Page and Watkins [35] reported the
unusual pattern of cardiorespiratory arrest in eight patients
with diabetic neuropathy in whom the possible mechanism
was likely related to impaired respiratory responses to
hypoxia and susceptibility to drugs with respiratory
depressant effects. Controversial data exists regarding the
ventilatory responses to hypoxia and hypercapnia in
patients with DM [36-45]. An early study from Soler and
Eagleton [41] demonstrated preservation of ventilatory
responses to hypoxia in diabetics. Subsequently, Calverley
et al. [40] demonstrated preservation of the hypoxic drive to
breathing in patients with diabetic autonomic neuropathy.
However, many other reports confirmed that the ventilatory
response to hypoxia was impaired in diabetic patients
compared with that in nondiabetic patients [37, 38, 41,
44, 45]. Conversely, conflicting evidence exists concerning
the response of the respiratory center to hypercapnia in
diabetics [42-45]: in different populations of diabetics
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suffering from autonomic neuropathy, the hypercapnic
drive to breathing was found to be increased, unchanged, or
decreased compared with diabetics without autonomic
neuropathy and/or healthy individuals. Among the many
reports examining the ventilatory response of diabetic
patients to hypercapnia is a study by Tantucci et al. [43]
demonstrating that diabetic patients without autonomic
neuropathy showed a reduction in the hypercapnic respi-
ratory drive, as was seen in diabetic patients with autonomic
neuropathy with parasympathetic nervous system damage.
Hence, the authors speculated that the sympathetic nervous
system (SNS) might modulate the output of the respiratory
centers in response to hypercapnic stimuli. The underlying
mechanisms of sleep disturbances and impairment of the
respiratory system in diabetic patients are poorly under-
stood [46, 47], and further studies are needed to elucidate
them.

Postoperative respiratory arrest is sometimes observed
in diabetic patients [48]. Acute, unexpected respiratory
problems in the recovery room are more common in men,
in those aged >60 years, and in obese or diabetic patients
[48]. Physicians should exert extra caution while using
sedative or analgesic agents in diabetic patients and should
be vigilant for unexpected respiratory depression during
the postoperative period because of their impaired respi-
ratory response to hypoxia and hypercapnia.

Diabetic neuropathy also affects the thermoregulatory
response to hypothermia during surgery. Kitamura et al.
[49] showed that the core temperature of diabetic patients
with autonomic dysfunction was lower from 120 min into
the surgery (35.1°C) onward compared with nondiabetics
and diabetic patients without autonomic dysfunction and
that perioperative vasoconstriction, evaluated using the
forearm—fingertip skin-surface temperature gradient was
delayed in patients with autonomic neuropathy compared
with the others. They concluded that diabetic patients with
autonomic neuropathy might fail to develop a normal core
temperature plateau.

Diabetic retinopathy

The retinal and cerebral microvasculatures share many
morphological and physiological properties because
embryologically, the retina is an extension of the dien-
cephalon, and both organs share a similar pattern of vas-
cularization during development [50]. In addition, there is a
close anatomical correlation between both the macrovas-
cular and microvascular blood supply to the brain and the
retina, and both vascular networks share similar vascular
regulatory processes [50]. Assessment of the cerebral
vasculature is important in determining individual risks of
cerebrovascular diseases, such as vascular dementia and
stroke. Owing to the homology between retinal and
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cerebral microvasculatures, changes in retinal vasculature
may reflect similar changes in the cerebral vasculature.
Using the retinal vasculature as a marker of the state of the
cerebral vasculature is advantageous owing to the ease with
which the retinal vasculature can be directly visualized.
Diabetic retinopathy is one of the microvascular compli-
cations of DM, its severity being directly related to the
severity and duration of hyperglycemia. The presence of
diabetic retinopathy may thus indicate impairment of
microvascular circulation in the brain as well. Ono et al.
[51] examined the impact of diabetic retinopathy on
long-term outcome in diabetic patients undergoing CABG
surgery and demonstrated it was a strong independent
predictor of overall mortality (relative risk 4.0), possibly
due to the fact that diabetics with retinopathy have had a
longer-period of poorly controlled diabetes and, therefore,
are much more likely to have additional comorbidities,
such as progressive cerebral atherosclerosis or impaired
cerebral microcirculation. We examined the relationship
between diabetic retinopathy and postoperative cognitive
dysfunction in patients undergoing CABG surgery [52, 53]
and showed that it was a predictor of postoperative cog-
nitive dysfunction because of coexisting impaired cerebral
circulation (Table 1).

From the above studies, it appears that retinal circulation
may be an alternative, useful predictor of the state of the
cerebral circulation. The preoperative presence of diabetic
retinopathy is, thus, an important indicator of the risk of

Table 1 Independent predictors of cognitive impairment at 7 days or
6 months after cardiac surgery in diabetic patients

Odds ratio (95% CI)  p value

All cognitive impairment

HbAlc (%) 2.0 (1.5-3.3) 0.042

Diabetic retinopathy 24 (1.4-2.9) 0.01

Insulin therapy 2.1 (1.4-35) 0.01
Short-term cognitive impairment

Age 1.5 (1.3-1.8) 0.03

Ascending aorta atherosclerosis 1.5 (1.1-1.9) 0.01

SjvO2 <50% time 1.5 (1.1-2.6) 0.04

Hypertension 1.8 (1.3-2.0) 0.01

Diabetic retinopathy 2.0 (1.3-3.0) 0.01

Insulin therapy 2.0 (1.3-3.0) 0.049
Long-term cognitive impairment

HbAlc (%) 1.9 (1.3-3.1) 0.047

Diabetic retinopathy 2.1 (1.2-2.7) 0.01

Insulin therapy 2.0 (1.3-3.8) 0.01

CI confidence interval, HbAlc hemoglobin, SjvO2 jugular venous
oxygen saturation, SjvO2 <50% time time at which SjvO2 was <50%
during cardiopulmonary bypass period

From Kadoi et al. [52]

postoperative cerebral dysfunction or increased mortality
risk and should be assessed in all diabetic patients.

Anesthetic agents and diabetes mellitus

Anesthetic agents may affect glucose homeostasis periop-
eratively in diabetic patients either indirectly, by decreas-
ing catabolic hormone secretion, or directly, by altering
insulin secretion. The latter mechanism is relevant only in
patients with some residual insulin secretion (type 2
diabetes).

Fragen et al. [54] reported that etomidate inhibits
adrenal steroid genesis and may induce a decrease in the
glycemic response to surgery. In general, gamma-amino-
butyric acid (GABA) agonists reduce the secretion of
adrenocorticotrophic hormone (ACTH) and consequently
cortisol, and stimulate basal secretion of growth hormone
(GH). Several studies have investigated modification of
hormonal and metabolic response to surgery by benzodi-
azepines, such as midazolam. In a study by Desborough
et al. [55], midazolam was infused at 0.42 mg/kg followed
by infusion of 0.125 mg/kg for 1 h. They found that
midazolam infusion decreased cortisol and insulin secre-
tion and an increased GH secretion. These effects are
believed to be minimal when midazolam is given at the
usual sedative dosage but may be relevant if given by
continuous infusion to patients in intensive care units.

The alpha 2 agonist, clonidine, reduces sympathetic tone
and the release of norepinephrine from nerve terminals.
There is controversy regarding the effect of clonidine on the
pituitary—adrenocortical system, but decreased release of
ACTH and cortisol has been reported with its use [56, 57].
The use of clonidine during surgery has been proposed as a
way of improving perioperative hemodynamics while
decreasing anesthetic requirements. The effects of cloni-
dine, administered either as premedication or as a coinduc-
tion agent, on the glucose response to surgery in nondiabetic
patients are inconsistent [56—58]. In contrast, Belhoula et al.
[59] reported that premedication of type 2 diabetic patients
with clonidine 90 min before surgery improved blood glu-
cose control and decreased insulin requirements during
ophthalmic surgery, because clonidine decreased circulating
catecholamines despite having no effect on cortisol con-
centrations and GH secretion. However, Venn et al. [60]
reported that dexmedetomidine, a highly selective and
potent alpha-2 agonist, decreased insulin secretion after
major surgery without exacerbating the glycemic response.
This report suggested that impaired insulin secretion was
balanced by reduced sympathetic activity. At present, it
would be reasonable to accept that alpha-2 agonists, such as
clonidine or dexmedetomidine, modify insulin secretion
without exacerbating the glycemic response.
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High doses of opiates induce not only hemodynamic but
hormonal and metabolic stability [61]. These anesthetic
agents effectively inhibit the entire SNS and the hypotha-
lamic—pituitary axis. Inhibition of the catabolic hormone
response to surgery may be beneficial in diabetic patients.

In vitro, volatile anesthetics, such as halothane, enflu-
rane, and isoflurane, inhibit insulin response to glucose in a
reversible and dose-dependent manner [62—64]. The clini-
cal study from Diltoer and Camu [64] showed that glucose
tolerance was impaired by isoflurane. In an experimental
study [65], halogenated anesthetic agents, such as halo-
thane or sevoflurane, produced greater negative inotropic
effects in myocardium of diabetic compared with nondia-
betic patients, possibly because diabetes exacerbates
anesthetic-induced alterations in troponin—tropomyosin
complex activity.

The effect of propofol on insulin secretion is not
known. It is well known that diabetic patients have a
reduced ability to clear lipids from the circulation [66].
However, propofol used only as an induction agent is
thought to have no adverse effect in diabetic patients.
Alterations in the pharmacokinetics or pharmacodynamics
of propofol in rats with DM were reported in an experi-
mental study [67]. There is no data showing whether
propofol use can alter lipid clearance from the circulation.
An experimental study showed that propofol impairs
diastolic left ventricular filling in experimental models
and produces negative lusitropic effects in diabetic
cardiomyocytes [68]. Thiopental seems to induce greater
negative inotropic effects than does pentobarbital in
myocardium of diabetics [69]. Keyl et al. [70] showed
that induction or maintenance of anesthesia with a com-
bination of etomidate and opioids may reduce hemody-
namic instability in diabetic patients with coexisting
cardiovascular autonomic neuropathy.

At present, it is uncertain as to which anesthetic agents
facilitate adequate glucose control and hemodynamic sta-
bility during the perioperative period.

Regional anesthesia

Regional anesthesia, including spinal, epidural, and other
regional blocks, may modulate catabolic hormone and
insulin secretion. Activation of the SNS and the hypotha-
lamic—pituitary axis, induced by surgical stress under
general anesthesia, provokes increases in circulating glu-
cose, epinephrine, and cortisol concentrations, and these
increases were prevented by epidural anesthesia [71]. It is
interesting to note that Donatelli et al. [72], in a study on
epidural anesthesia and analgesia compared with general
anesthesia followed by patient-controlled analgesia, dem-
onstrated a decrease in the incidence of insulin resistance
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soon after and 48 h after surgery only in patients who were
insulin resistant before surgery.

Halter and Pflug [73] examined the effects of sympa-
thetic blockade by spinal anesthesia on pancreatic islet
function in humans. They showed that high spinal anes-
thesia (dermatome level T2-T6) induced a reduction in the
acute insulin response to glucose, whereas low spinal
anesthesia (dermatome level T9-T12) induced no such
reduction. Nakao and Miyata [74] found that suppression
of insulin secretion by surgical stress was inhibited by the
alpha-blocking agent phentolamine. These reports indicate
that beta-adrenergic input modulates insulin secretion in
the basal state, suggesting that extensive thoracic sympa-
thetic blockade induced by spinal anesthesia may result in
reduced insulin secretion. However, it remains unknown
whether extensive spinal anesthesia is detrimental in type 2
diabetic patients.

Regional anesthesia for ophthalmic surgery results in
more rapid recovery with earlier mobilization, better pain
relief, and less nausea and vomiting and earlier oral intake
than does general anesthesia. Barker et al. [75] compared
the effect of local and general anesthesia on metabolic
control in noninsulin-dependent diabetic patients under-
going cataract surgery and showed that marked cortisol and
glucose responses to surgery were observed under general
anesthesia, these responses being prevented by performing
the surgery under local anesthesia. There are, however,
some risks associated with ophthalmic surgery under
regional anesthesia. In a series of 12,000 cataract extrac-
tions under local anesthesia, eight patients showed evi-
dence of brain-stem anesthesia resulting from local
anesthesia, and one developed cerebral spread of the local
anesthetic solution [76]. As yet, there is no evidence that
regional anesthesia is superior to general anesthesia in
terms of mortality and major complications in diabetic
surgical patients.

Since regional anesthesia, such as epidural or spinal
anesthesia, can block sympathetic activation and the cata-
bolic hormonal response induced by surgical stress, there
may be several risks linked to its use in diabetic patients
with autonomic neuropathy. Deleterious hypotension can
occur, this hemodynamic instability being of greater sig-
nificance in diabetic patients with coronary artery or
cerebrovascular diseases. In addition, DM is a risk factor
for development of epidural abscesses following epidural
anesthesia [77, 78]. Eastwood [79] reported a case of
anterior spinal artery syndrome arising as a complication of
epidural anesthesia in a patient with diabetic scleredema.

High doses of local anesthetics have been reported to
induce nerve injury and to reduce nerve blood flow. This
indicates that the nerve injury resulting from high doses of
local anesthetics is probably ischemic in origin. Fibers in
diabetic nerves may, therefore, be more susceptible to
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anesthetic toxicity both because they are exposed to a
higher local concentration of anesthetics due to impaired
blood flow and because they are already stressed by
chronic ischemic hypoxia. Kalichman and Calcutt [80]
examined the effects of local anesthetics on nerve con-
duction and nerve-fiber injury in streptozotocin-induced
diabetic rats. They showed that nerve-fiber injury, based on
light microscopic scoring of axonal degeneration and
demyelination, was evident in all lidocaine groups and was
significantly greater for nerves of lidocaine-treated diabetic
rats compared with lidocaine-treated controls. This data
suggests that the risk of local anesthetic-induced nerve
injury during regional anesthesia may be greater in diabetic
patients. Caution must therefore be exerted in diabetic
patients as to the total dosage of local anesthetics used in
order to avoid peripheral nerve injury.

Preoperative management of diabetes

In addition to serum glucose levels, the glycosylated HbAlc
test is useful in evaluating the efficacy of therapeutic control
of the diabetic state. HbAlc is not affected by short-term
changes in blood glucose levels but, instead, reflects long-
term changes in blood glucose levels. Thus, HbAlc is not
useful to monitor acute changes in blood glucose in the
perioperative period. However, elevated HbAlc is predic-
tive of the presence of microvascular and macrovascular
complications associated with DM. Normally, an HbAlc of
6% indicates that the blood glucose is <120 mg/dl. HbAlc
increases to 8% when the blood glucose is 180 mg/dl, to 10%
when blood glucose is 240 mg/dl, and to 13% at a blood
glucose level of 330 mg/dl.

Diabetic patients present a challenge to physicians, and
hence, preoperative evaluation should focus on the type of
diabetic disease (type 1 or type 2), method of home mon-
itoring, and usual metabolic control. Knowledge about
patients’ antidiabetic therapy, such as diet, antihypergly-
cemic agents, or insulin therapy, is important information
for physicians to maintain adequate glucose levels during
the perioperative period. Oral hypoglycemic drugs are
withheld on the day of surgery for drugs with a short half-
life and up to 48 h preoperatively for long-acting drugs
such as chlorpropamide. This is done to avoid reactive
hypoglycemia, particularly with sulfonylurea compounds,
and associated drug-induced toxicities and interactions.

Type 2 diabetic patients with marked hyperglycemia
under oral treatment should be switched to insulin preoper-
atively. The insulin requirements in diabetic patients during
surgery vary from 0.25 to 0.40 U/g glucose in normal-weight
patients; to 0.4-0.8 U/g glucose in case of obesity, liver
disease, steroid therapy, or sepsis; to 0.8—1.2 U/g glucose in
patients undergoing cardiopulmonary bypass surgery.

Therefore, the appropriate insulin dose has to be determined
separately for each individual. The regimen preferred by
most authors is based on a variable rate of insulin. Insulin
secretion, depending on the extent of hypoinsulinemia,
lipolysis, and ketogenesis, is enhanced, which may result in
metabolic acidosis with subsequent electrolyte disturbances.
Protein catabolism is increased in diabetics because of
increased protein breakdown and decreased synthesis.
Insulin administration reverses or overcomes most of these
disturbances.

Conclusion

Diabetic patients require perioperative care more fre-
quently than their nondiabetic counterparts. The major risk
factors for diabetics undergoing surgery are the end-organ
diseases associated with diabetes: cardiovascular disease,
autonomic neuropathy, joint collagen tissue disorders, and
immune deficiency. Hence, physicians should be vigilant
about treating these coexisting conditions to ensure optimal
perioperative management of diabetic patients.

References

1. Robertshaw HJ, Hall GM. Diabetes mellitus: anaesthetic man-
agement. Anaesthesia. 2006;61:1187-90.

2. McAnulty GR, Robertshaw HJ, Hall GM. Anaesthetic management
of patients with diabetes mellitus. Br J Anesth. 2000;85:80-90.

3. McAnulty GR, Hall GM. Anaesthesia for the diabetic patient.
Br J Anesth. 2003;88:428-30.

4. Gu W, Pagel PS, Warltier DC, Kersten JR. Modifying cardiovas-
cular risks in diabetes mellitus. Anesthesiology. 2003;98:774-9.

5. Coursin DB, Connery LE, Ketzler JT. Perioperative diabetic and
hyperglycemic management issues. Crit Care Med. 2004;
32(Suppl 4):116-25.

6. Szab6 Z, Hakanson E, Svedjeholm R. Early postoperative out-
come and medium-term survival in 540 diabetic and 2239 non-
diabetic patients undergoing coronary artery bypass grafting. Ann
Thorac Surg. 2002;74(3):712-9.

7. Lauruschkat AH, Arnrich B, Albert AA, Walter JA, Amann B,
Rosendahl UP, Alexander T, Ennker J. Prevalence and risks of
undiagnosed diabetes mellitus in patients undergoing coronary
artery bypass grafting. Circulation. 2005;112:2397-402.

8. Rosenbloom AL, Frias FL. Diabetes mellitus, short stature and
joint stiffness—a new syndrome. Clin Res. 1974;22:92A.

9. Grgic A, Rosenbloom AL, Weber FT, Giordano B, Malone JI,
Shuster JJ. Joint contracture-common manifestation of childhood
diabetes mellitus. J Pediatr. 1976;88:584-8.

10. Rosenbloom AL, Silverstein JH, Lezotte DG, Richardson K,
McCallum M. Limited joint mobility in childhood diabetes
mellitus indicates increased risk for microvascular disease. N Eng
J Med. 1981;305:191-4.

11. Salzarulo HH, Taylor LA. Diabetic “stiff joint syndrome” as a
cause of difficult endotracheal intubation. Anesthesiology.
1986,64:366-8.

12. Hogan K, Rusy D, Springman SR. Difficult laryngoscopy and
diabetes mellitus. Anesth Analg. 1988;67:1162-5.

@ Springer



746

J Anesth (2010) 24:739-747

13.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Beebe DS, Belani KG, Yoo M, Rainier WG. Anesthetic consid-
erations in pancreatic transplantation based on a l-year review.
Am J Anesthesiol. 1995;22:237-43.

. Reissell E, Orko R, Maunuksela EL, Lindgren L. Predictability of

difficult laryngoscopy in patients with long-term diabetes melli-
tus. Anaesthesia. 1990;45:1024-7.

Warner ME, Contreras MG, Warner MA, Schroeder DR, Munn
SR, Maxson PM. Diabetes mellitus and difficult laryngoscopy in
renal and pancreatic transplant patients. Anesth Analg.
1998;86:516-9.

Mashour GA, Kheterpal S, Vanaharam V, Shanks A, Wang LYJ,
Sandberg WS, Tremper KK. The extended Mallampati score and a
diagnosis of diabetes mellitus are predictors of difficult laryngos-
copy in the morbidly obese. Anesth Analg. 2008;107:1919-23.
Nadal JL. The palm print as a sensitive predictor of difficult
laryngoscopy in diabetes. Acta Anaesthesiol Scand. 1998;42:
199-203.

Erden V, Basaranoglu G, Delatioglu H, Hamzaoglu HS. Rela-
tionship of difficult laryngoscopy to long-term non-insulin-
dependent diabetes and hand abnormality detected using the
“prayer sign”. Br J Anesth. 2003;91:159-60.

Fleisher LA, Beckman JA, Brown KA, Calkins H, Chaikof EL,
Fleischmann KE, Freeman WK, Froehlich JB, Kasper EK,
Kersten JR, Riegel B, Robb JF, Smith SC Jr, Jacobs AK, Adams
CD, Anderson JL, Antman EM, Buller CE, Creager MA, Ettinger
SM, Faxon DP, Fuster V, Halperin JL, Hiratzka LF, Hunt SA,
Lytle BW, Nishimura R, Ornato JP, Page RL, Riegel B,
Tarkington LG, Yancy CW. ACC/AHA 2007 Guidelines on
Perioperative Cardiovascular Evaluation and Care for Noncardiac
Surgery: Executive Summary: A Report of the American College
of Cardiology/American Heart Association Task Force on Prac-
tice Guidelines (Writing Committee to Revise the 2002 Guide-
lines on Perioperative Cardiovascular Evaluation for Noncardiac
Surgery) Developed in Collaboration With the American Society
of Echocardiography, American Society of Nuclear Cardiology,
Heart Rhythm Society, Society of Cardiovascular Anesthesiolo-
gists, Society for Cardiovascular Angiography and Interventions,
Society for Vascular Medicine and Biology, and Society for
Vascular Surgery. ] Am Coll Cardiol. 2007;50:1707-32.

Vinik Al, Ziegler D. Diabetic cardiovascular autonomic neu-
ropathy. Circulation. 2007;115:387-97.

Vinik Al, Maser RE, Mitchell BD, Freeman R. Diabetic auto-
nomic neuropathy. Diabetes Care. 2003;26:1553-79.

Margolis JR, Kannel WS, Feinleib M, Dawber TR, McNamara
PM. Clinical features of unrecognized myocardial infarction-
silent and symptomatic. Eighteen year follow-up: Framingham
study. Am J Cardiol. 1973;32:1-7.

Canto JG, Shlipak MG, Rogers WJ, Malmgren JA, Frederick PD,
Lambrew CT, Ornato JP, Barron HV, Kiefe CI. Prevalence,
clinical characteristics, and mortality among patients with myo-
cardial infarction presenting without chest pain. JAMA.
2000;283:3223-9.

Wackers FJ, Young LH, Inzucchi SE, Chyun DA, Davey JA,
Barrett EJ, Taillefer R, Wittlin SD, Heller GV, Filipchuk N,
Engel S, Ratner RE, Iskandarian AE. Detection of silent myo-
cardial ischemia in asymptomatic diabetic subjects: the DIAD
study. Diabetes Care. 2004;27:1954-61.

Amour J, Kersten JR. Diabetic cardiomyopathy and anesthesia.
Anesthesiology. 2008;108:524-30.

Boyer JK, Thanigaraj S, Schechtman KB, Perez JE. Prevalence
of ventricular diastolic dysfunction in asymptomatic, normo-
tensive patients with diabetes mellitus. Am J Cardiol.
2004;93:870-5.

Simmons RK, Coleman RL, Price HC, Holman RR, Khaw KT,
Wareham NI, Griffin SJ. Performance of the UK prospective
diabetes study risk engine and the Framingham risk equations in

@ Springer

28.

29.

30.

31.

32.

33.

34.

35.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

estimating cardiovascular disease in the EPIC-Norfolk Cohort.
Diabetes Care. 2009;32:708-13.

Turner RC. The UK. prospective diabetes study. A review.
Diabetes Care. 1998;21(Suppl 3):C35-8.

Channer KS, Jackson PC, O’Brien I, Corrall RJ, Coles DR,
Davies ER, Virjee JP. Oesophageal function in diabetes mellitus
and its association with autonomic neuropathy. Diabet Med.
1985;2:378-82.

Kong MF, Horowitz M, Jones KL, Wishart JM, Harding PE.
Natural history of diabetic gastroparesis. Diabetes Care.
1999;22:503-7.

Wright RA, Clemente R, Wathen R. Diabetic gastroparesis: an
abnormality of gastric emptying of solids. Am J Med Sci.
1985;289:240-2.

Cavallo-Perin P, Aimo G, Mazzillo A, Riccardini F, Pagano G.
Gastric-emptying of liquids and solids evaluated by acetamino-
phen test in diabetic patients with and without autonomic neu-
ropathy. Riv Eur Sci Med Farmacol. 1991;13:205-9.

Reissell E, Taskinen MR, Orko R, Lindgren L. Increased volume
of gastric contents in diabetic patients undergoing renal trans-
plantation: lack of effect with cisapride. Acta Anaesthesiol
Scand. 1992;36:736-40.

Bottini P, Boschetti E, Pampanelli S, Ciofetta M, del Sindaco P,
Scionti L, Brunetti P, Bolli GB. Contribution of autonomic
neuropathy to reduced plasma adrenaline responses to hypogly-
cemia in IDDM: evidence for a nonselective defect. Diabetes.
1997;46:814-23.

Page MM, Watkins PJ. Cardiorespiratory arrest and diabetic
autonomic neuropathy. Lancet. 1978;1:14-6.

. Bottini P, Scionti L, Santeusanio F, Casucci G, Tantucci C.

Impairment of the respiratory system in diabetic autonomic
neuropathy. Diabetes Nutr Metab. 2000;13:165-72.

Sobotka PA, Liss HP, Vinik Al Impaired hypoxic ventilatory
drive in diabetic patients with autonomic neuropathy. J Clin
Endocrinol Metab. 1986;62:658—63.

Keller T, Hader C, De Zeeuw J, Rasche K. Obstructive sleep
apnea syndrome: the effect of diabetes and autonomic neuropa-
thy. J Physiol Pharmacol. 2007;58(Suppl 5):313-8.

Bottini P, Dottorini ML, Cristina Cordoni M, Casucci G, Tantucci
C. Sleep-disordered breathing in non-obese diabetic subjects with
autonomic neuropathy. Eur J Respir J. 2003;22:654—60.
Calverley PM, Ewing DJ, Campbell IW, Wraith PK, Brash HM,
Clarke BF, Flenley DC. Preservation of the hypoxic drive to
breathing in diabetic autonomic neuropathy. Clin Sci (Lond).
1982;63:17-22.

Soler NG, Eagleton LE. Autonomic neuropathy and the ventila-
tory responses of diabetics to progressive hypoxemia and
hypercarbia. Diabetes. 1982;31:609-14.

Tantucci C, Bottini P, Fiorani C, Santeusanio F, Provinciali L,
Sorbini CA, Casucci G. Cerebrovascular reactivity and hyper-
capnic respiratory drive in diabetic autonomic neuropathy. J Appl
Physiol. 2001;90:889-96.

Tantucci C, Scionti L, Bottini P, Dottorini LM, Puxeddu E,
Casucci G, Sorbini CA. Influence of autonomic neuropathy of
different severities on the hypocapnic drive to breathing in dia-
betic patients. Chest. 1997;112:145-53.

Nishimura M, Miyamoto K, Suzuki A, Yamamoto H, Tsuji M,
Kishi F, Kawakami Y. Ventilatory and heart rate response to
hypoxia and hypercapnia in patients with diabetes mellitus.
Thorax. 1989;44:251-7.

Williams JG, Morris Al, Hayter RC, Ogilvie CM. Respiratory
responses of diabetics to hypoxia, hypercapnia, and exercise.
Thorax. 1984;39:529-34.

Montserrat JM, Cochrane GM, Wolf C, Picado C, Roca J, Aqusti
Vidal A. Ventilatory control in diabetes mellitus. Eur J Respir
Dis. 1985;67:112-17.



J Anesth (2010) 24:739-747

747

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Homma I, Kageyama S, Naqai T, Taniguchi I, Sakai T, Abe M.
Chemosensitivity in patients with diabetic neuropathy. Clin Sci
(Lond). 1981;61:599-603.

Rose DK, Cohen MM, Wigglesworth DF, DeBoer DP. Critical
respiratory events in the postanesthesia care unit. Anesthesiology.
1994;81:410-8.

Kitamura A, Hoshino T, Kon T, Ogawa R. Patients with diabetic
neuropathy are at risk of a greater intraoperative reduction in core
temperature. Anesthesiology. 2000;92:1311-8.

Patton N, Aslam T, MacGillivray T, Pattie A, Deary 1J, Dhillon
B. Retinal vascular image analysis as a potential screening tool
for cerebrovascular disease: a rationale based on homology
between cerebral and retinal microvasculatures. J Anat.
2005;206:319-48.

Ono T, Kobayashi J, Yoshikado S, Bando K, Tagusari O, Niwaya
K, Imanaka H, Nakatani T, Kitamura S. The impact of diabetic
retinopathy on long-term outcome following coronary artery
bypass graft surgery. J Am Coll Cardiol. 2002;40:428-36.
Kadoi Y, Saito S, Fujita N, Goto F. Risk factors for cognitive
dysfunction after coronary artery bypass graft surgery in patients
with type 2 diabetes. J Thorac Cardiovasc Surg. 2005;129:576—
83.

Kadoi Y, Saito S, Goto F, Fujita N. Decrease in jugular venous
oxygen saturation during normothermic cardiopulmonary bypass
predicts short-term postoperative neurological dysfunction in
elderly patients. J] Am Coll Cardiol. 2001;38:1450-5.

Fragen RJ, Shanks CA, Molteni A, Avram MJ. Effects of
etomidate on hormonal responses to surgical stress. Anesthesi-
ology. 1984;61:652-6.

Desborough JP, Hall GM, Hart GR, Burrin JM. Midazolam
modifies pancreatic and anterior pituitary hormone secretion
during upper abdominal surgery. Br J Anesth. 1991;67:390-6.
Gaumann D, Tassonyi E, Rivest RW, Fathi M, Reverdin AF.
Cardiovascular and endocrine effects of clonidine premedication
in neurosurgical patients. Can J Anesth. 1991;38:837—43.

Metz SA, Halter JB, Robertson RP. Induction of defective insulin
secretion and impaired glucose tolerance by clonidine. Selective
stimulation of metabolic alpha-adrenergic pathway. Diabetes.
1978;27:554-62.

Lyons FM, Bew S, Sheeran P, Hall GM. Effects of clonidine on
the pituitary hormonal response to pelvic surgery. Br J Anesth.
1997;78:134-17.

Belhoula M, Ciebiera JP, De La Chapelle A, Boisseau N,
Coeurveille D, Raucoules-Aime M. Clonidine premedication
improves metabolic control in type 2 diabetic patients during
ophthalmic surgery. Br J Anesth. 2003;90:434-9.

Venn RM, Bryant A, Hall GM, Grounds RM. Effects of dex-
medetomidine on adrenocortical function, and the cardiovascular,
endocrine and inflammatory responses in postoperative patients
needing sedation in the intensive care unit. Br J Anesth.
2001;86:650-6.

Hall GM, Lacoumenta S, Hart GR, Burrin JM. Site of action of
fentanyl in inhibiting the pituitary-adrenal response to surgery in
man. Br J Anesth. 1990;65:251-3.

Desborough JP, Jones PM, Persaud SJ, Landon MJ, Howell SL.
Isoflurane inhibits insulin secretion from isolated rat pancreatic
islets of langerhans. Br J Anesth. 1993;71:873-6.

Gingerich R, Wright PH, Paradise RR. Inhibition by halothane of
glucose-stimulated insulin secretion in isolated pieces of rat
pancreas. Anesthesiology. 1974;40:449-52.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

Diltoer M, Camu F. Glucose homeostasis and insulin secretion
during isoflurane anesthesia. Anesthesiology. 1988;68:880-6.
David JS, Tavernier B, Amour J, Vivien B, Coriat P, Riou B.
Myocardial effects of halothane and sevoflurane in diabetic rats.
Anesthesiology. 2004;100:1179-87.

Wicklmyr M, Rett K, Dietz G, Mehnert H. Comparison of met-
abolic clearance rates of MCT/LCT and LCT emulsions in dia-
betics. J Parenter Enter Nutr. 1988;12:68-71.

Leal N, Calvo R, Agrad FZ, Lukas JC, de la Fuente L, Suarez E.
Altered dose-to-effect of propofol due to pharmacokinetics in rats
with experimental diabetes mellitus. J Pharm Pharmacol.
2005;57:317-25.

Wickey PJ, Shiga T, Murray PA, Damron DS. Propofol modu-
lates Na™—Ca®* exchange activity via activation of protein C in
diabetic cardiomyocytes. Anesthesiology. 2007;106:302-11.
Hattori Y, Azuma M, Kemmotsu O, Kanno M. Differential sen-
sitivity of diabetic rat papillary muscles to negative inotropic
effects of oxybarbiturates versus thiobarbiturates. Anesth Analg.
1992;74:97-104.

Keyl C, Lemberger P, Palitzsch KD, Hochmuth K, Liebold A,
Hobbhahn J. Cardiovascular autonomic dysfunction and hemo-
dynamic response to anesthetic induction in patients with coro-
nary artery disease and diabetes mellitus. Anesth Analg.
1999;88:985-91.

Hall GM. The anesthetic modification of the endocrine and
metabolic response to surgery. Ann R Coll Surg Engl.
1985;67:25-9.

Donatelli F, Vavassori A, Bonfanti S, Parrella P, Lorini L,
Fumagalli R, Carli F. Epidural anesthesia and analgesia decrease
the postoperative incidence of insulin resistance in preoperative
insulin-resistant subjects only. Anesth Analg. 2007;104:1587-93.
Halter JB, Pflug AE. Effect of sympathetic blockade by spinal
anesthesia on pancreatic islet function in man. Am J Physiol.
1980;239:E150-5.

Nakao K, Miyata M. The influence of phentolamine, an adren-
ergic blocking agent, on insulin secretion during surgery. Eur J
Clin Invest. 1977;7:41-5.

Barker JP, Robinson PN, Vafidis GC, Burrin JM, Sapsed-Byrne
S, Hall GM. Metabolic control of non-insulin-dependent diabetic
patients undergoing cataract surgery: comparison of local and
general anesthesia. Br J Anesth. 1995;74:500-5.

Hamilton RC, Gimbel HV, Strunin L. Regional anesthesia for
12,000 cataract extraction and intraocular lens implantation. Can
J Anesth. 1988;35:615-23.

Kindler CH, Seeberger MD, Staender SE. Epidural abscess
complicating epidural anesthesia and analgesia. An analysis of
the literature. Acta Anaesthesiol Scand. 1998;42:614-20.

Kahn L. Neuropathies masquerading as an epidural complication.
Can J Anesth. 1997;44:313-6.

Eastwood DW. Anterior spinal artery syndrome after epidural
anesthesia in a pregnant diabetic patient with scleredema. Anesth
Analg. 1991;73:90-1.

Kalichman MW, Calcutt NA. Local anesthetic-induced conduc-
tion block and nerve fiber injury in streptozotocin-diabetic rats.
Anesthesiology. 1992;77:941-7.

@ Springer



	Anesthetic considerations in diabetic patients. Part I: preoperative considerations of patients with diabetes mellitus
	Abstract
	Introduction
	Prevalence of diabetes mellitus
	Diabetes related complications
	Stiff-joint syndrome
	Cardiovascular disease
	Diabetic autonomic neuropathy
	Gastroparesis
	Hypoglycemia unawareness
	Other concerns related to diabetic neuropathy

	Diabetic retinopathy

	Anesthetic agents and diabetes mellitus
	Regional anesthesia
	Preoperative management of diabetes
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


