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Editor’s key points

e Diabetes mellitus and other
disorders of blood glucose
regulation are common in
perioperative patients.

e The optimal management of
perioperative dysglycaemia has
been shown to improve
perioperative outcomes.

e Guidelines and
recommendations aid in the
diagnosis and management of
perioperative abnormalities in
glucose homeostasis.

Summary. The prevalence of type 2 diabetes mellitus and the potential for perioperative
dysglycaemia (hyperglycaemia, hypoglycaemia, stress-induced hyperglycaemia, or
glucose variability) continue to increase dramatically. The majority of investigations
on perioperative glycaemic control focused on critically ill patients and concentrated
on goals of therapy, level of intensity of insulin infusion, feeding regimes, concerns
over hypoglycaemia, and promulgation of recent guidelines calling for less strict
glucose control. Areas of perioperative glycaemic control that deserve further
investigation include preoperative identification of patients with undiagnosed type 2
diabetes and other forms of dysglycaemia, determination of appropriate
intraoperative glucose goals, and establishment of the impact and natural history of
perioperative abnormalities in glucose homeostasis. In the heterogeneous adult
perioperative population, it is unlikely that one standard of perioperative glycaemic
control is appropriate for all patients. This review presents recent evidence and expert
guidance to aid preoperative assessment, intraoperative management, and
postoperative care of the dysglycaemic adult patient.
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preoperative

The prevalence of type 2 diabetes mellitus (DM) and perioperative
dysglycaemia [hyperglycaemia, hypoglycaemia, stress-induced
hyperglycaemia (SIH), or glucose variability (GV)] continue to in-
crease dramatically. The most recent US Centers for Disease
Control and Prevention National Health and Nutrition Examin-
ation Survey reports that the incidence of DM has tripled over
the past decade and projections are that it may triple again
within the next several decades. DM affects an estimated 25.8
million Americans (8.3% of the US population). The vast majority
of these individuals (>90-95%) have type 2 DM, but roughly
one-third of them remain undiagnosed (http:/www.cdc.gov/
diabetes/pubs/pdf/ndfs_2011.pdf; http:/www.cdc.gov/media/
pressrel/2010/r101022.html). The World Health Organization
(WHO) estimates the prevalence of DM at 60 million Europeans
(10.3% of men and 9.3% of women over the age of 25) (http:/
euro.who.int/en/what-we-do/health-topics/noncommunicable-
diseases/diabetes/data-and-statistics).

The majority of investigations on perioperative glycaemic
control have focused on postoperative and intensive care unit
(ICU) patients. This work has concentrated on goals of
therapy, level of intensity of insulin infusion, feeding regimes,
concerns over hypoglycaemia, and promulgation of recent
guidelines calling for less strict glucose control. Areas
germane to perioperative glycaemic control that deserve

further investigation include: preoperative identification of
patients with undiagnosed type 2 DM and other forms of dys-
glycaemia, determination of appropriate intraoperative
glucose goals, and establishment of the impact and natural
history of perioperative abnormalities in glucose homeostasis.

The optimal management of the patient with perioperative
dysglycaemia continues to be debated. Hyperglycaemia,
hypoglycaemia, and GV are common features in critically ill
patients.’ > Furthermore, SIH entails higher risks and often
poorer outcomes in hospitalized patients when compared
with equally dysglycaemic patients with known DM-induced
hyperglycaemia.” ®> Routine application of tight glycaemic
control, however, was called into question after the results
of various single-centre, ‘real-world’ studies and the multi-
centre, multinational NICE-SUGAR trial all reported either no
benefit with normalization of glucose during critical illness or
an increased incidence of hypoglycaemia and mortality.
Whether there is a true cause and effect association between
hypoglycaemia and outcome in the critically ill remains
unknown.®’

Hospitals and institutions are encouraged to create their own
policies, including in-house guidelines for DM management,
which cover the spectrum of all treated patient groups, ambu-
latory to critically ill.*> The creation of an institution-specific
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multidisciplinary team consisting of nursing, case managers,
and physician representatives to enhance unit or ward accept-
ance is suggested. The WHO surgical safety checklist bundle
should be established with a target blood glucose (BG) of
6-10 mM (108-180 mg di?h (acceptable range 4-12 mM,
72-216 mgdl™1).8

Perioperative dysregulation of glucose homeostasis can
result in elevated, lowered, or highly variable glucose levels.
Pancreatic B cell deficiency or dysfunction, peripheral insulin
resistance, inhibition of insulin release, counter-regulatory
hormone modulation, or even glucose transporter deficiencies
can cause these physiological perturbations. Extensive discus-
sions about the pathophysiology of glucose regulation and DM
and also management of dysglycaemia in specific periopera-
tive patient populations (i.e. peripartum, cardiac, neurosurgi-
cal) are beyond the scope of this article and are well reviewed
elsewhere.”~**

This review focuses on preoperative identification, assess-
ment, and preparation of patients with known or previously
unrecognized abnormalities in glucose homeostasis; intrao-
perative management of glucose abnormalities; and ward,
intermediate care unit (IMCU), and ICU goals for postoperative
and post-hospital discharge glucose management.

Preoperative

Preoperative identification of patients with DM, or those at risk
for perioperative dysglycaemia, provides a potential opportun-
ity to reduce morbidity and mortality. Early identification
facilitates timely intervention and allows arrangement of ap-
propriate perioperative and long-term follow-up. Anaesthe-
siologists, as leaders of the ‘surgical home’ model, are
perfectly poised to assist in this process.'”> Anaesthesia care
providers should embrace the opportunity to assess, diagnose,
and ultimately refer patients for continued care. Patient educa-
tion, initiation of lifestyle changes, and implementation of
therapy have been shown to favourably impact microvascular
and macrovascular disease.'® Despite this, no current guide-
lines recommend preoperative DM screening in patients
without a documented history of hyperglycaemia.’

Diagnosis

Patients with DM have increased perioperative morbidity and
mortality.” *®~?3 One must remember, however, that DM is
often found in combination with other significant risk factors
(sedentary lifestyle, smoking, obesity). These risk factors can
cloud the understanding of the specific role DM plays in peri-
operative morbidity and mortality. Nonetheless, diabetic
patients are at increased risk for postoperative infection, ar-
rhythmia, acute renal failure, ileus,? stroke, myocardial is-
chaemia, increased length of hospital stay, and death.?* °
Many of these risks are present in prediabetic patients as
well.?® ?” The American Diabetes Association (ADA) suggests
screening for DM in all adults at age 45 yr and earlier in those
with a BMI >25 kg m~2 and one or more identified risk
factors (Table 1),% and recommends placing individuals into
one of three categories: normal, increased risk (prediabetic),

Table 1 Criteria for testing for DM in asymptomatic adult
individuals. *At-risk BMI may be lower in some ethnic groups; HDL,
high density lipoprotein; HA,C, haemoglobin A;C; IGT, impaired
glucose tolerance; IFG, impaired fasting glucose. Modified and
reprinted with permission from the American Diabetes
Association®’

(1) Testing should be considered in all adults who are overweight
(BMI> 25 kg m~2) and have additional risk factors:

e Physical inactivity

o First-degree relative with diabetes mellitus

o High-risk race/ethnicity (e.g. African American, Latino, Native
American, Asian American, Pacific Islander)

e Women who delivered a baby weighing >4.08 kg or were
diagnosed with gestational diabetes mellitus

e Hypertension (>140/90 mmHgoron therapy for hypertension)

o HDL cholesterol level <0.90 mM (35 mg dl™?%), a triglyceride
level >2.8 mM (250 mg dl?), or both

o \Women with polycystic ovary syndrome

e HA;C >5.7%, IGT, of IFG on previous testing

e Otherclinical condition associated with insulin resistance (e.g.
severe obesity, acanthosis nigricans)

o History of cardiovascular disease

In the absence of above criteriq, testing for diabetes mellitus

should begin at age 45 yr

If results are normal, testing should be repeated at least at 3 yr

intervals, with consideration of more frequent testing

depending upon the initial results (e.g. those with prediabetes

should be tested yearly) and risk status

(2

(3

Table 2 Categories of increased risk for DM (prediabetes). For all
three tests, the risk is continuous, extending below the lower limit
of the range and becoming disproportionately greater at higher
ends of the range. FPG, fasting plasma glucose; 2-H OGTT, 2 h oral
glucose tolerance test; HA;C, haemoglobin A;C. Normal individuals
are defined as having an FPG <5.5 mM (100 mg dl~?) (no caloric
intake for >8 h). Modified and reprinted with permission from the
American Diabetes Association®®

1.FPG 5.6-6.9 mM (100-125 mg dl Y or,
2.2-HOGTT 7.0-11.0 mM (140-199 mg dl™ %) or,
3.HA.C5.7-6.4%

and diabetic based upon fasting plasma glucose (FPG), haemo-
globin A;C (HA;C), and 2 h oral glucose tolerance test (2-H
OGTT) results (Tables 2 and 3).?° These guidelines are broader
than the US Preventive Health Taskforce recommendations,°
which are undergoing revision and have been shown to under-
estimate significantly the prevalence of hyperglycaemia
(http:/luspreventiveservicestaskforce.org/uspstopics.htm).

Undiagnosed DM

Not all patients with DM are aware of their status. A 2010 Cleve-
land Clinic study found the rate of undiagnosed DM in 39 434
non-cardiac surgery patients was 10% and impaired fasting
glucose (IFG) 11%.>" Sheehy and colleagues’® showed that
24% of insured, elective surgery patients with recent primary
care visits had either undiagnosed DM or IFG discovered the
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Table 3 Criteria for the diagnosis of DM. HA;C, haemoglobin A;C;
FPG, fasting plasma glucose; 2-H OGTT, 2 h oral glucose tolerance
test. Modified and reprinted with permission from the American
Diabetes Association?’

1. HA,C >6.5% o,
2.FPG >7.0mM (126 mgdl™?) or,
3.2-HOGTT >11.1 mM (200 mg dl™ Y or,

4.In a patient with classic symptoms of hyperglycaemia or
hyperglycaemic crisis, a random plasma glucose >11.1 mM
(200 mg di™?)

day of surgery. Lauruschkat and colleagues®? found the inci-
dence of undiagnosed DM in 7310 German patients under-
going coronary artery bypass grafting (CABG) to be 5.2%
(known DM 29.6%). Interestingly, patients with undiagnosed
DM were more likely to require resuscitation, re-intubation,
and longer postoperative ventilation, and had higher peri-
operative mortality than both those without DM and those
with known DM.?? This finding, along with those of other inves-
tigators, suggests that undiagnosed DM is an even greater risk
factor for perioperative morbidity and mortality than known
DM.? This increased risk may be related to various factors,
including poor preventive care and less aggressive therapy by
the hospital-based team.

The role of HA;C

HA1C provides insight into glucose control over the preceding
3-4 months. Elevated preoperative HA;C is associated with
increased perioperative risk and holds promise as a preopera-
tive screening modality.>* *> Gustafsson and colleagues,’” in
a prospective study of 120 patients without known DM having
major colorectal surgery, were able to show patients with
preoperative HA;C > 6% were at significantly greater risk for
pneumonia, urinary tract infection, pleural effusions, and post-
operative ileus, and had significantly elevated postoperative
glucose levels in this group of patients. Others retrospectively
linked preoperative HA;C to postoperative complications.
Dronge and colleagues?® showed that preoperative HA;C<7%
is significantly associated with decreased infectious complica-
tionsincluding pneumonia, wound infection, urinary tract infec-
tion, and sepsis. Hudson and colleagues®’” demonstrated a
preoperative HA;C > 6% in non-diabeticsisindependently asso-
ciated with greater early mortality after elective cardiac surgery.

Elevated HA;C, as a marker of poor glycaemic control, corre-
lates with increased perioperative risk in diabetic patients. Han
and Kang®® demonstrated a significant increase in wound
complications after total knee arthroplasty in diabetic patients
with HA;C >8%. Diabetic patients with an HA;C >6.5% have
an increased risk of pneumonia, urinary tract infection, and
superficial wound infections after elective cardiac surgery
when compared with diabetics with HA;C <6.5%.% Currently,
the ADA suggests that practitioners consider obtaining an
HA1C on diabetic patients admitted to the hospital if the
result of testing in the previous 2-3 months is not available.

i20

The ADA also suggests HA;C testing in patients with risk
factors for undiagnosed DM who exhibit hyperglycaemia in
the hospital.?’

Although elevated HA;C is associated with adverse
outcomes, there is a lack of data to show delaying elective
surgery to correct HA;C is beneficial. Nonetheless, HA;C
screening does allow identification of unrecognized DM and
stratification of perioperative risk. Aggressive approaches to
lowering HA;C in non-surgical patients have not been shown
to decrease mortality.*® Future investigations will likely clarify
the role of preoperative HA,C management on modifying sur-
gical outcome.

Clinicians should be reminded that the accuracy of HA;Ccan
vary by measurement technique. Erroneous results are pos-
sible in patients with haemoglobinopathies, chronic bleeding,
iron deficiency, renal failure-induced anaemia, recent transfu-
sions, or ongoing haemolysis.*°

Hyperglycaemia

Preoperative hyperglycaemia, independent of diabetic status,
increases the risk of perioperative morbidity and mortality.’
In a retrospective review of patients who developed peripros-
thetic joint infection after elective primary total hip or total
knee arthroplasty, preoperative BG was significantly elevated
compared with control patients.** Preoperative BG >11.1 mM
(200mg dl™Y)is associated with deep sternal wound infections
in patients undergoing CABG,*> and preadmission hypergly-
caemia is an independent risk factor for in-hospital symptom-
atic pulmonary embolism after major orthopaedic surgery.*?
Hyperglycaemia before carotid endarterectomy is associated
with increased risk of perioperative stroke, transient ischaemic
attack, myocardial infarction, and death.**

The incidence of preoperative hyperglycaemia is striking. In
a prospective study of 493 non-diabetic patients undergoing
elective, non-cardiac surgery, 25% of patients had elevated
FPG the morning of surgery.*> Interestingly, known diabetic
status has been shown to provide some protection from the
adverse effects of hyperglycaemia.” “® “” For patients on
general hospital wards without a history of DM, admission
hyperglycaemia increases mortality, length of stay (LOS), and
likelihood of discharge to a transitional care unit when com-
pared with known diabetics.® Whether this increase in morbid-
ity and mortality is related to undertreatment of elevated
glucose or other variables remains unknown.

Preoperative hyperglycaemia might not be related to DM,
but instead may be a response to acute illness or injury. This
‘SIH’ is defined as elevated BG that reverts to normal after
illness subsides and counter-regulatory hormone and inflam-
matory mediator surge abates.“® *° While physiologic, SIH
appears to independently increase the risk of perioperative
and critical illness morbidity and mortality.*® °°=>? Kerby and
colleagues®? evaluated 6852 consecutive trauma patients for
the presence of SIH. These patients had an admission
glucose of >11.1mM (200 mg dl™1),HA,C < 6.5% (not diabetic
by HA,C criteria), and no past medical history of DM. When
matched with a control group of similar age, sex, injury severity
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score, and revised trauma score, the SIH patients had a more
than two-fold increase in mortality. Surprisingly, admission
hyperglycaemia in diabetic patients did not significantly in-
crease mortality.>? In a retrospective study of 110 consecutive
orthopaedic trauma patients, Karunakar and Staples®* found
that a mean perioperative BG >12.2 mM (220 mg dl™ %) was
associated with seven-fold higher risk of infection in patients
with no known history of DM compared with matched diabetic
patients. These data suggest that SIH can be a marker for se-
verity of illness and degree of counter-regulatory hormone
surge. One could also infer that previously diagnosed DM is in
some way protective, as opposed to new-onset SIH (with no
history of DM), although further investigations designed to
answer this question are needed.

Glucose variability

GV, defined as the degree of glucose level excursion over time,
is increasingly linked to poor ICU and perioperative outcomes.
In 2006, Egi and colleagues’* retrospectively looked at both the
mean glucose and standard deviation (sp) of BG, as a marker of
GV,in 7049 ICU patients. The authors found that both the mean
and sp of BG were significantly associated with ICU mortality.>*
Subsequently, in 2008, Krinsley showed that the sp of BG level
was a predictor of mortality even within different ranges of
mean glucose. They also demonstrated GV to be a stronger pre-
dictor of mortality than mean glucose.”® Further defining the
effects of GV in an ICU population, Hermanides and collea-
gues”® were able to show that the combination of high GV
and high mean glucose values was associated with the
highest overall ICU mortality. Interestingly, low GV was pro-
tective even in patients with high mean glucose levels. Their
findings suggest that high mean glucose is less harmful
when GV is low, and patients with identical mean glucose
can have different mortality rates depending on their GV.>° A
clear cause-and-effect relationship, rather than just a simple
association between GV and morbidity and mortality, has not
been clearly established. Further investigations are needed to
better delineate the importance of GV in the perioperative
period.

Preoperative evaluation and management

Patients at risk for perioperative dysglycaemia, whether they
are diabetic, prediabetic, or have SIH, deserve special consider-
ation before operation. Currently, there are limited data to
suggest that significant preoperative interventions aimed at
controlling dysglycaemia have an impact on outcome. The
aforementioned evidence seems to infer, however, that early
identification of these patients, if doing nothing more than
identifying them as ‘at risk’ and subsequently increasing pro-
vider vigilance, could have a significant impact on outcome.
Anaesthesia providers are perfectly poised to initiate this
process. Future investigations will further delineate the role
of early identification and any potential benefits of early
treatment.

Patients with a known history of DM should be thoroughly
evaluated before entering the operating suite. One should

have a detailed understanding of the history of the patient’s
disease, including: specific diagnosis (type 1 DM, type 2 DM,
gestational diabetes, etc.), duration of illness, current treat-
ment modalities, adequacy of control, and the presence and
severity of co-morbidities. This discussion will focus on patients
with a diagnosis of type 2 DM. It should be remembered,
however, that type 1 DM patients have an obligate physiologic-
al need for exogenous insulin (as they are unable to produce
theirown), have normalinsulin sensitivity, and can have signifi-
cant comorbidities.>’

Tables 4-6 provide a brief overview of the pharmacology of
common oral antidiabetic agents, non-insulin injectables, and
insulins. The preoperative management of diabetic medica-
tions should be tailored to the individual patient. Most
authors suggest holding oral antidiabetic agents and non-
insulin injectable medications on the day of surgery and not
before.”® At least one set of guidelines suggests holding met-
formin for 24-48 h before operation in patients with renal dys-
function and in those who might receive i.v. contrast to
decrease the risk of perioperative lactic acidosis.”® Manage-
ment of preoperative insulin therapy should focus on the avoid-
ance of hypoglycaemia while maintaining reasonable BG
control. Patients at risk for hypoglycaemia before operation
include those with very strict glycaemic control, those with sig-
nificant daily GV, those with complicated insulin regimens, and
those who are taking insulin in combination with oral antidia-
betic agents.>® °° The majority of patients who receive insulin
are using a basal/bolus insulin schedule.”® ®' Long-acting
agents are intended to supply a steady, basal supply of
insulin while shorter-acting agents (often referred to as
bolus, correctional or nutritional insulin) are used to counter
acute (post-prandial) increases in BG. Table 7 outlines a
general approach to the preoperative management of
insulin. This approach recommends modest alteration in long-
actinginsulin and elimination of short-actinginsulin onthe day
of surgery.>®

Preoperative laboratory investigations in known diabetics
should include HA;C if not drawn in the previous 2-3
months,?° preoperative BG, and any additional testing needed
to further delineate the existence or severity of common co-
morbidities (i.e. nephropathy, cardiomyopathy). The ADA recom-
mends outpatient DM management to achieve an HA;C < 7%
(normal &-7%).2° Although current guidelines do not support
liberal preoperative HA;C or BG screening, it may be wise to
expand such screening in certain patient populations (i.e.
cardiac, neurological, orthopaedic, transplant, and trauma
surgery).®” This would aid providers in identifying patients with
previously undiagnosed dysglycaemia, clarify glucose control
over the previous 3 months, and potentially increase provider
vigilance during the perioperative period.

Intraoperative
Hyperglycaemia

There are little data looking specifically at intraoperative BG
management and its effects on postoperative outcomes. Exist-
ing data are heavily skewed towards the cardiac surgical
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Table 4 Pharmacology of oral antidiabetic agents. Modified with permission from SAMBA®®

Drug class: generic Mechanism of action
(trade name)

Half-life (h)

Adverse effects

Biguanides Decrease hepatic gluconeogenesis, increase insulin 6-18 Diarrhoea, nausea, vomiting, lactic acidosis
sensitivity
Metformin (Glucophage) 24
Metformin extended
release
Sulphonylureas Stimulate insulin secretion, decrease insulin resistance 2-10 Hypoglycaemia, lactic acidosis
Chlorpropamide
(Diabenese)
Tolbutamide (Orinase)
Glimepride (Amaryl)
Glipizide (Glucotrol)
Glyburide (Diabeta,
Micronase)
Meglitinides Stimulate pancreatic insulin secretion 1 Hypoglycaemia
Repaglinide (Prandin)
Nateglinide (Starlix)
Thiazolidindiones Regulate carbohydrate and lipid metabolism, reduce 3-8 Fluid retention, increased cardiac risk
insulin resistance and hepatic glucose production including congestive heart failure,
hepatotoxicity
Rosiglitazone (Avandia)
Pioglitazone (Actos)
a-Glucosidase inhibitors Reduce the intestinal absorption of ingested glucose 2-4 Gastrointestinal irritation, flatus
Acarbose (Precose)
Miglitol (Glyset)
Dipeptidyl peptidase-4 Reduces breakdown of hormone-incretins (glucagon-like
(DDP-4) inhibitors peptide type-1), enhance insulin secretion, decrease
glucagon
Sitagliptin (Januvia)
Saxagliptin (Onglyza)
Table 5 Non-insulin injectables. Modified with permission from SAMBA>®
Drug class: generic Mechanism of action Half-life (h) Adverse effects
(trade name)
Exenatide (Byetta) Synthetic form of exendin 4, which has actions 6-10 Nausea, vomiting, weight loss, hypoglycaemia
similar to glucagon-like peptide type-1 when combined with sulphonylureas
Suppresses glucagon secretion and hepatic glucose
production
Suppresses appetite
Delays gastric emptying
Exenatide extended-release  Weekly dosing, see exenatide Days Medullary thyroid cancer, acute pancreatitis
(Bydureon)
Pramlintide (Symlin) Synthetic form of amylin, a naturally occurring 2-4 Nausea, vomiting, weight loss, hypoglycaemia
peptide that is cosecreted with insulin by 3 cells with insulin
Suppresses post-prandial glucagon secretion and
hepatic glucose production
Enhances the effects of insulin
Suppresses appetite
Delays gastric emptying
Liraglutide (Victoza) Long-acting glucagon-like peptide type-1 agonist 11-15 Medullary thyroid cancer
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population.®*~® In 2007, Gandhi and colleagues®’ reported a

Table 6 Pharmacology of insulin. Modified with permission from retrospective investigation of 409 consecutive patients under-

SAMBA®® . . .. . .
going cardiac surgery at the Mayo Clinic. Patients who experi-

Drug class: generic Onset  Peak Duration enced one of the primary endpoints (death, infectious,
(trade name) effect cardiac, neurological, renal, or pulmonary) had significantly
Short acting and rapid acting higher initial, mean, and maximal intraoperative BG values.
Regular (Novolin R, HumulinR)  30-60 2-4h  6-8h Logistic regression analysis indicated that a 1.1 mM (20 mg
min dl™) increase in the mean intraoperative BG concentration

Lispro (Humalog) 5-15 30-90 4-6h >5.5 mM (100 mg di~?) was associated with a 34% increase
min min in experiencing a primary endpoint.®” Doenst and colleagues,®”

Aspart (Novolog) 5-15  30-90  4-6h in another cardiac surgical population, showed high peak BG
min min >20mM (360 mg dl"Y)wasan independent predictor of morbid-

Glulisine (Apidra) 5-15  30-90  4-6h ity and mortality in diabetic and non-diabetic patients. Interest-

min min ingly, patients with BG levels <15 mM (270 mg dl~?) were not

subject to worse outcomes.®® Ouattara and colleagues®®
reported intraoperative hyperglycaemia, defined as more than
four consecutive BG values >11.11 mM (200 mg d™Y)ina
study of 200 diabetic patients undergoing cardiac surgery, was
associated with poor cardiac and non-cardiac outcomes.

Intermediate acting
NPH (Novolin N, Humulin N-NF)  2-4h 4-10h 10-16h
Zinc insulin (Lente) 2-4h 4-10h 12-20h

Extended zinc insulin 6-10h 10-16h 18-24h
(Ultralente)

Long acting (peakless)

Glargine (Lantus) 2-4h None 20-24h . . . .
, i Intensive insulin therapy or conventional therapy
Detemir (Levemir) 2-4h None 20-24h ) ) ) o
Mixed insulins (NPH-+regular) HIStOI’.ICCllly, providers .often GllOYVEd permissive hypergly-
70% NPH/30% regular (Novolin  30-90  Dual 10-16h caemia’ under the (mis)assumption that the body needed
70/30, Humulin 70/30) min fuel to overcome surgical stress or critical illness.®® *° This ap-
50% NPH/50% regular 30-90  Dual 10-16h proach was called into question after the landmark ICU inves-
(Humulin 50/50) min tigation by Van den Berghe and colleagues in 2001.”° This
Mixed insulins (intermediate-acting+rapid-acting analogues) single-centre (Leuven, Belgium), randomized control trial of
70% Aspart Protamine 5-15  Dual 10-16h 1548 mechanically ventilated, surgical ICU patients compared
suspension/30% Aspart min intensive insulin therapy (IIT) with conventional treatment.
(Novolog mix 70/30)

The BG target in the IIT group was 4.4-6.1 mM (80-110 mg

Zj:ﬁ;i?:;;rso‘;smgfo r5n_|§5 Dual 10-16h dl™?), and 10-11.1 mM (180-200 mg dl™?) in the control
(Humalog mix 75/25) group. The IIT group had reduced overall in-hospital mortality,
50% Lispro Protamine 5.15  Dual 10-12 h bloodstream infections, acute renal failure requiring dialysis or
suspension/50% Lispro min haemofiltration, median number of red cell transfusions, and
(Humalog mix 50/50) critical illness polyneuropathy, and also shorter length of

mechanical ventilation and ICU stay. Mortality benefit was

Table 7 Instructions regarding preoperative insulin. Modified with permission from SAMBA®®

Insulin regimen Day before surgery Day of surgery Comments

Insulin pump No change No change Use ‘sick day’ or sleep basal rates for outpatient
surgery, discontinue if planned admission

Long acting, peakless No change 75-100% of morning dose Reduce nighttime dose if history of nocturnal or

insulins morning hypoglycaemia

On the day of surgery, the morning dose of basal
insulin may be administered on arrival to facility

Intermediate-acting No change in daytime dose, 50-75% of morning dose See comments for long-acting insulins
insulins 75% of dose if taken in the
evening

Fixed combination No change 50-75% of morning dose of Lispro-protamine only available in combination;

Insulins intermediate-acting component therefore, use NPH instead on day of surgery
See comments for long-acting insulins

Short- and rapid-acting No change Hold the dose

insulins

Non-insulin injectables No change Hold the dose
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greatestin patients with an ICU stay >5 days. Patientsin the IIT
arm, however, had significantly more hypoglycaemic events
(BG <2.2mMor40mg dl™1) (5.1% vs 0.8%) with no association
between hypoglycaemia and death.”® Various study limita-
tions were present, including the single-centre approach,
unblinded design, lack of targeted intraoperative glucose
control, and inclusion of primarily post-cardiac surgery
patients (63%) who received an atypical feeding protocol. An
unusually high mortality rate was also present in the control
group.”* Despite these limitations, this study is often referred
to as ‘that which launched a thousand protocols’.”?

A second Leuven study published in 2006 compared IIT with
conventional therapy in 1200 medical ICU patients. It demon-
strated a decrease in renal injury, days of mechanical ventila-
tion, ICU LOS, and hospital LOS. It did not, however, show any
mortality benefit with IIT. Hypoglycaemic events were more
prevalent in the IIT group (18.7% vs 3.1%), likely related in
part to glucose measurement methodology. Importantly,
multivariate analysis demonstrated hypoglycaemia to be an
independent predictor of death.”* Pooled analysis of the two
Leuven studies suggested maintaining BG levels <8.3 mM
(150mg dl™%) to be the most important factor in reducing mor-
tality. In order to achieve renal and nervous system protection,
BG had to be kept <6.1 mM (110 mg dl™%). This tight level of
control did provide additional survival benefit. The pooled
data reaffirm the higher risk of hypoglycaemic events in the
IIT group (11.3% vs 1.8%).”*

The risks of IIT were highlighted with the publication of
another landmark study, Normoglyacemia in Intensive Care
Evaluation and Survival Using Glucose Algorithm Regulation
(NICE-SUGAR). The goal of this study was to compare IIT (BG
goal 4.5-6 mM, 81-108 mgdl™*) with conventional treatment
(BG goal 8-10 mM, 144-180 mg dl™Y). The NICE-SUGAR trial
was multicentre, international, and randomized. It included
6104 mixed medical and surgical (35%) ICU patients. The
authors were not able to demonstrate a difference in hospital
or ICU LOS, length of mechanical ventilation, or the need for
renal replacement. In contrast to the initial Leuven study, mor-
tality rates were higher in the IIT group (27.5% vs 24.9%). The
NICE-SUGAR trial reaffirmed a higher incidence of hypogly-
caemia in the IIT group. Along with other studies of its era,
NICE-SUGAR questioned the safety of IIT in critically ill
patients.”> 77

Is there a role for intraoperative IIT? A study published in
2007 by Gandhi and colleagues®* attempted to answer this
question in a randomized, prospective fashion. Four hundred
adult patients undergoing elective cardiac surgery were rando-
mized to either an IIT group (BG goal 4.4-5.5 mM, 80-100 mg
dl™%) or a conventional treatment group (patients not given
insulin until BG >11.1 mM, 200 mg dl ™). Both groups were
treated with insulin infusion after surgery to maintain normo-
glycaemia. The authors found more deaths (4 vs 0, P=0.061)
and significantly more strokes (8 vs 1, P=0.02) in the IIT
group. This finding led investigators to question the safety of
intraoperative IIT.°* A 2012 meta-analysis by Hua and collea-
gues,78 however, were able to show some benefit of intrao-
perative IIT. Data were pooled from five randomized control
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trials; a total of 706 adult cardiac surgical patients were
assigned to either IIT or conventional therapy. There was no
statistically significant difference in 30 day or in-hospital mor-
tality (although the IIT group had seven deaths, and the con-
ventional treatment group had three). There was also no
difference in the number of hypoglycaemic events. Infection
rates, however, were significantly lower in the IIT group. The
authors caution that larger randomized trials are required
before the implementation of any strong, evidence-based
recommendations regarding intraoperative IIT.”®

Treatment goals

Intraoperative IIT is currently not recommended because of
conflicting data and the risk of hypoglycaemia. The Society
for Ambulatory Anesthesia (SAMBA) and several authors
suggest following guidelines published by the American Asso-
ciation of Clinical Endocrinologists (AACE) and the ADA in their
Consensus Statement on Inpatient Glycemic Control.”® 7° This
group suggests initiating treatment with an insulin infusion in
critically ill patients at a BG no greater than 10 mM (180 mg
dl™%). Once treatment has begun, they suggest a target BG of
7.7-10 mM (140-180 mg dl™ %), recognizing that greater
benefit might be realized at the lower end of this range.
Finally, they admit that even lower targets might be beneficial
in some patient populations, but suggest never setting a BG
target below 6.1 mM (110 mg dl~1).”® There are slight varia-
tions in suggested treatment thresholds and target glucose
levels when looking at recommendations from other promin-
ent medical societies; most, however, mirror those of the
ADA.ZO 80 81

Measurement and monitoring

Although the ADA recommends the use of insulin infusions for
critically ill patients, both the ADA and SAMBA suggest the use
of subcutaneous insulin for non-critical patients.?® *® This is
less labour intensive and more practical than i.v. administra-
tion in an outpatient setting.®> Absorption of subcutaneously
administered insulin can be variable, the time to onset can
be prolonged, and repeated doses can become ‘stacked’, in-
creasing the risk of hypoglycaemia.”® ®® LV. insulin has the
advantage of being quickly titratable with a rapid onset of
action. Insulin, irrespective of the route of administration, is a
dangerous drug; it is one of the five most common drugs
involved in clinically significant medical errors, and has the
highest rate of administration errors.'® &

The recommended frequency of intraoperative BG monitor-
ing depends on many factors. In metabolically stable diabetic
patients undergoing short (<2 h), outpatient procedures, it is
only necessary to check BG on admission, before operation,
and on discharge. For longer outpatient procedures or for
patients receiving intraoperative subcutaneous insulin, it is ad-
visable to check BG levels every 1-2 h.>® Finally, for higher
acuity patients, patients having extensive surgical procedures,
or patients on insulin infusions, the ADA recommends BG mon-
itoring as frequently as every 30 min.?’
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Point-of-care (POC) testing is appropriate for BG measure-
ment in metabolically stable patients. This testing technique,
however, is considered less accurate than central laboratory
testing.®* The National Committee for Clinical Laboratory
Standards recommends differences between POC testing and
central laboratory testing not exceed 4+ 15% when glucose
concentrations are <5.5 mM (100 mg dl™Y) and +20% when
glucose concentrations are >5.5 mM (100 mg dl™*).®> Most
authors suggest a relatively high hypoglycaemia alert value
(e.g. 3.9 mM, 70 mg dl™?!) when using POC testing devices
and more frequent monitoring and routine central laboratory
confirmation of abnormal values.>® Many factors increase the
disparity between POC and central laboratory glucose mea-
surements. These include haemodynamic instability, shock,
anaemia, elevated bilirubin, uric acid, severe hyperlipidaemia,
and various medications including L-dopa, dopamine, manni-
tol, acetaminophen, and maltose.” *° # Most experts recom-
mend central laboratory testing or arterial blood gas analysis
for measurement of glucose in haemodynamically or metabol-
ically unstable patients.” *© >8 &

Postoperative care

The following reviews guidelines, recommendations, and
results of clinical trials aimed at compiling statements and sug-
gestions for postoperative glucose control covering a spectrum
of patients from those being discharged after ambulatory
surgery to those who require intensive care.

Post-anaesthesia care unit

The Diabetes UK Position Statements and Care Recommenda-
tions suggest maintaining BG in the range of 6-10 mM (108 -
180 mg dl?) if safely achievable.? Otherwise, a wider target
range of 4-12 mM (72-216 mg dl™ ) is acceptable.? The cor-
rection of high BG can be achieved using subcutaneous
insulin or i.v. insulin.> Depending on the present state and
comorbidities of an individual patient, capillary, venous, or
arterial BG levels must be assessed at least hourly, or more fre-
quently if readings are outside the target range.?

Aggressive nausea and vomiting prophylaxis and avoidance
of factorsthat mightincrease postoperative nausea and vomit-
ing (PONV), such as administration of opioids, should allow
early resumption of oral intake. Dexamethasone, a well-
established antiemetic, is frequently used for prevention of

Table 8 Guidelines for glucose management in ambulatory patients®®

PONV.2° Its use, even in small doses, has been shown to transi-
entlyincrease BG levels. Dysglycaemic patients receiving dexa-
methasone, or other steroid medications, should have
appropriate monitoring of BG levels and correction of hypergly-
caemia as needed.”®

Ambulatory patients: SAMBA guidelines

Thanks to a comprehensive consensus statement issued by
SAMBA, we now have definitive guidelines to address the man-
agement of diabetic patients undergoing ambulatory surgery
procedures.”® Outpatient postoperative patients with abnor-
mal glucose homeostasis should be observed in an ambulatory
facility until the possibility of hypoglycaemia from periopera-
tively administered insulin is excluded and discharge criteria
are met (Table 8).%” Most ambulatory patients are able to
start early oral intake to counteract potential hypoglycaemia.
Ifthisis not the case, they should be monitored for an appropri-
ate period of time after the last dose of insulin. The potential of
subcutaneous rapid-acting nutritional insulin to provoke hypo-
glycaemia abates within 1.5 h (Table 6) in contrast to subcuta-
neous regular insulin, which subsides 3 -4 h after the last dose
is administered.’” ©* More frequent measurements than every
hour may be indicated for patients receiving intraoperative
insulin and in the case of lower BG levels.*®

Intensive care unit

Glycaemic control in critically ill patients: waiting for
definitive answers

Critically ill patients frequently develop hyperglycaemia, even
without previous evidence of DM." Before 2001, SIH in critically
ill patients was generally accepted as physiologic.”® In the after-
math of the Leuven trials, the concept of tight glucose control
was enthusiastically incorporated into guidelines including the
Surviving Sepsis Campaign 2004%¢ and 2008,%° and those of
the ADA®° and the AACE.”" Subsequent trials only partially sup-
ported these findings or even failed to show a difference with
regard to mortality, revealing high incidences of severe hypogly-
caemic events as the most harmful complication.®* 73 927101
While hyperglycaemia must be avoided, an optimal glucose
range for critically ill patients is a topic of ongoing discussion.
One trial reported the highest survival rates in ICU patients
with glucose levels between 6.2 and 8 mM (111-144 mgdl™?),

Educate patients about signs and symptoms of potential hypoglycaemia and means to treat (15 g of oral dextrose to raise BG by 2.1 mM or

38 mg dl™ ! over 20 min). Best to use dextrose or sucrose tablets'?®

Follow routine antidiabetic (oral agents or insulin) guidelines for day of surgery

Check blood glucose on admission, before surgery, and before discharge at a minimum

Point-of-care monitoring is sufficient for stable patients; higher threshold values for hypoglycaemia (e.g. <3.9 mM or 70 mg dl~?) and more frequent

monitoring may be indicated to ensure patient safety

Provide educational material about restarting diet, oral antidiabetic agents, and insulin after discharge

Avoid overlap between pre-, intra-, and postoperative insulin

Resumption of preoperative antidiabetic regime should be based on perioperative course and is dependent on oral intake
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and the highest mortality rates with glucose levels >11.1 mM
(200 mg dl™%).%02

Updated guidelines have reached a compromise and gen-
erally recommend a BG target of 7.7-10 mM (140-180 mg
dl™?) for inpatients as long as these levels can be safely
ClChieVed.79 80 103-105

Glucose targets and hyperglycaemia

Available studies on glucose targets in critically ill patients are
difficult to interpret because of substantial differences in study
populations and patient management at various centres.
Table 9 covers recommended glucose targets issued by diverse
societies including adaptations for subgroups at particular risk,
covering cardiac surgery, trauma, and neurological patients.
The rationale of the Society of Critical Care Medicine’s
practical guideline to start insulin infusion therapy at 8.3 mM

(150 mg dl™Y) is rooted in their meta-analysis indicating a
small, but significant, reduction in the odds ratio for hospital mor-
tality without affecting ICU mortality.’°® Higher trigger values
and BG excursions >10 mM (180 mg dl™?) are associated with
immunosuppressive effects and the potential to exceed the
renal threshold for glucosuria.’®> Other societies’ guidelines
propose a more relaxed BG trigger value of 10 mM (180 mg
dl™ 1 to initiate insulin infusion,?® °© as there is no evidence that
targets between 7.7 and 10 mM (140-180 mg dl™?) differ from
the lower target values of 6.1-7.7 mM (110-140 mg dl~%).*%?

Hypoglycaemia: adaptation of targets and treatment

Patients with moderate (BG 2.3-3.9 mM, 41-70 mg d=h or
severe (BG <2.2 mM, 40 mg dl™?) hypoglycaemia have been
found to have a higher risk of death compared with those
without hypoglycaemia.® Even one episode of hypoglycaemia

Table 9 Recommended glucose target ranges for intensive care patients and related subgroups

Society, guideline Patient group Trigger BG value  Target range, Rationale
to start insulin mM (mg dl™?)
infusion, mM
(mgdl™?)
Society of Critical Care Medicine’s  General recommendation 8.3 (150) 5.6-8.3 (100-150)
clinical practice guideline*®®
Cardiac surgery <8.3 (150) Decreased risk for deep
sternal wound infection and
death70 127-130
Critically ill trauma patients 8.3 (150) <10 (180)
Traumatic brain injury®** 132 8.3 (150) <10 (180)
Neurological ICU patients 8.3 (150) <10 (180)
- Ischaemic stroke®3~12°
- Intraparenchymal
haemorrhage®*®
- Aneurysmal subarachnoid
haemorrhage®®’~*3°
American Diabetes Association  General recommendation 10 (180) 7.8-10 (140-180)
quidelines®
Adaptation 6.1-7.8 (110-140) Adjust to lower target range in
documented low rate of severe
hypoglycaemia
American Association of Clinical ~ General recommendation 7.8-10 (140-180)
Endocrinologists!?
Surgical patients Lower range Only in units showing low rates of
hypoglycaemia
Surviving Sepsis Campaign*?? General recommendation 10 (180) <10 (180) Based on NICE-SUGAR study

Clinical Practical Guideline from  General recommendation
the American College of
Physicians®
Spanish Society of Intensive Care  General recommendation
Medicine and Coronary Units*“°
French Society of Anaesthesia General recommendation
and Intensive Care®®

Surgical patients

Cardiac patients

Society of Thoracic Surgeons?®  Cardiac surgery patients

7.8-11.1 (140-200) If insulin infusion is applied. But

guideline does not recommend
intensive insulin therapy

<8.3(150)
10 (180)

<6.1(110)
<6.1(110)

<10 (180) except
<8.3 (150) for those
with devices in place
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is associated with higher mortality.”* BG values <2.2 mM
(40 mg dl™?) are an independent risk factor for mortality
after adjustment for severity of illness, age, mechanical venti-
lation, renal failure, sepsis, and DM.”

French guidelines define hypoglycaemia as BG <3.3 mM
(60 mg dlI™1) and severe hypoglycaemia as BG <2.2 mM
(40 mg dl"%).'° Jacobi and colleagues'® propose an
adapted lower limit of 3.9 mM (70 mg di™ Y for ICU trauma
patients, with the aim of lower infection rates and shorter ICU
stays. *°” 1% For patients with brain injury, the lowest acceptable
BG level is 5.5 mM (100 mgq dl ™), as hypoglycaemia increases
the risk of focal neurological deficits, encephalopathy, seizures,
and permanent cognitive dysfunction in brain-injured
patients.’®® Further clinical trials are necessary to define the
optimal BG range in this patient population, as case reports of
neuroglycopaenia and cerebral distress during insulin infusion,
independent of peripheral hypoglycaemia, leave the patho-
physiological importance of the rate of glucose change com-
pared with the hypoglycaemic incident unclear.*®®

In the case of BG levels <3.9 mM (70 mg dl™Y), Jacobi and
colleagues'® suggest immediately stopping the insulin infu-
sion and administering titrated doses of 10-20 g of hypertonic
(50%) dextrose to avoid excessive replacement. BG measure-
ment should be repeated after 15 min with additional dextrose
as needed to maintain a BG level >3.9mM (70 mgdl™?%).%° The
ADA recommends instituting a hypoglycaemia protocol and
suggests administering a 15-20 g bolus of i.v. dextrose, check-
ing BG level every 5-15 min, and repeating dextrose boluses as
indicated.””

Medication

Insulin infusion is the medication of choice for glucose control
in critically ill patients.? 29 119-112 subcutaneous insulin can be
analternative treatment for selected ICU patientswho are clin-
ically stable and have low insulin requirements*®> *** or when
preparing the stabilized patient for transition to the ward. Such
anapproach must be individualized and might be influenced by
hospital or unit policy (Table 10).

Glucose monitoring

Critically ill patients can also suffer from hypoglycaemia in the
absence of insulin treatment due to concomitant illness such
as liver disease, immune compromise, and renal failure.
Patients are also at risk for hypoglycaemia after interruption
of caloric intake, with the use of vasoactive infusions, or with
renal replacement therapy using bicarbonate-based replace-
ment fluid in sepsis.'** Arterial or venous whole blood sam-
pling is recommended for BG analysis whenever available
and particularly in patients suffering from shock, receiving
vasopressor therapy, those with severe peripheral oedema,
and those receiving prolonged insulin infusion.’®*

The Surviving Sepsis Campaign'®® and Jacobi and collea-
gues'® propose a consensus recommendation based on
limited data where BG is monitored every 1-2 h during insulin
infusion. Protocols that propose checking glucose every 4 h
bear a >10% risk of unrecognized hypoglycaemia.”® %*

Transition to ward or IMCU

Before discharge to the ward, the majority of stable ICU
patients should be transitioned to a protocol-driven basal/
bolus insulin regimen. This can be instituted before the
insulin infusion is discontinued to avoid marked swings in
BG.'> Transition should be put on hold until there are no
planned interruptions of nutrition, until peripheral oedema
has resolved, and until the patient is off vasopressors. When-
ever the BG target (<10 mM, 180 mg dl™?) cannot be achieved
by subcutaneousinsulin, the regimen should be adjusted or the
insulin infusion restarted.

Many hospitals are unable to implement insulin infusions on
general floors or in the IMCU due to staffing policies. A basal/
bolus regimen derives a benefit in type 2 diabetics requiring
>0.5 units h™? of insulin and in non-diabetics requiring >1
units h~1.'*> Some institutions propose other cut-off values
or even suggest the exclusion of SIH patients from such transi-
tion."*>~*?% Calculation of basal and bolus insulin dosing
requirements should be based on previous i.v. insulin dosing
and concomitant carbohydrate intake. Most transitional
models propose a combination of basal insulin, nutritional
insulin, and correction insulin (Table 10).***~**! Supplemen-
tary correction insulin (in the form of a sliding scale) is titrated
according to long-acting insulin and basal-bolus orders. The
routine sole administration of sliding-scale insulin to control
BG on the ward, IMCU, or ICU is strongly discouraged because
of increased GV, incidence of hypo- and hyperglycaemia,"??
and complications during hospitalization.?® *** 123

Ward

There is no clear evidence for specific BG goals in non-critically ill
postoperative patients.”” Patients treated with insulin should aim
at a pre-meal BG <7.8 mM (140 mg dl™Y) with random BG values
<10mM (180mgdl '), assuming that these targets can be safely
achieved.”” '** More stringent targets can be suggested in
stable patients with previous tight glycaemic control.”” Less
stringent values might be appropriate in patients with severe
co-morbidities.”® Hence, for patients with terminal illness,
limited life expectancy, or a high risk of hypoglycaemia, a higher
BG target >11.1 mM (200 mg dl~*) might be reasonable.’** The
definition of hypoglycaemia does not differ based on patient
acuity or physical location. Hypoglycaemia is recognized as a
BG <3.9 mM (70 mg dl™ b, which correlates with the threshold
for the release of counter-regulatory hormones, and severe
hypoglycaemia is defined as levels <2.2 mM (40 mg dl™?).°

Outside of the operating theatre and ICU, subcutaneous
insulin is recommended and generally accepted as the stand-
ard method of insulin administration.’?* There is no study that
evaluates IIT in patients on the general ward. Scheduled sub-
cutaneous insulin should involve basal, nutritional, and correc-
tion components (with the latter two provided before meals)
and should be accompanied by meals with a consistent
amount of carbohydrate.*??

Barriers to administering oral hypoglycaemic agents in
postoperative inpatients include variability in caloric intake,
ileus, and limited ability to titrate the drugs. Metformin, in
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Table 10 Concepts for transition from i.v. insulin therapy to subcutaneous insulin regimen. ICU, intensive care unit, BG, blood glucose, DM, diabetes mellitus, ADA, American Diabetes Association,

TDD, total daily dose

Donaldson and colleagues*’”  Furnary and Braithwaite''®  O’Malley and colleagues''®*  Ramos and Avanziniand colleagues'?°  Magdji and
colleagues™*® colleagues™**

General Extubated, off vasopressors, intra-aortic balloon pump out, stable renal function, no oedema
requirements
Indications for - Cardiac surgery - Taking liquids/regular meals - DM type 2 on insulin as - Patients on - Mean dose of insulin Patients eating
transition - Many patients require - Diabetic diet outpatient medications for infusion in 24 h before reliably

perioperative insulin -DMtype 2 or - DM type 2 with recent mean diabetes transition <1.6 units

infusion hospitalization-related insulin infusion rate of - HbAlc >6% h?

hyperglycaemia >0.5 units h™? - Patients with - BG coefficient of variation

Calculation of
daily insulin
dose

Basal insulin

- Many patients ready to
transition on postop. day
1, tolerance of oral intake
not essential

- Major surgery

- Most patients little need for
meal-time bolus in first
postop. days

~ Non-diabetics with insulin
infusion >0.5 units h™?

Last stable insulin infusion
rate x 24=24 h insulin dose

80% of 24 h insulin dose=first
dose of glargine

- Receiving < 2 unitsh™?
insulin infusion with BG
<7.2mM (130 mgdl™?)

-Basalinsulin dose <48 units
h~* during insulin infusion

Average insulin infusion rate
in 6-8 h interval while being
NPO and receiving no i.v.
dextrose:

6 h total dose x 4 or 8 h total
dosex 3

Initial glargine dose=80% of
the 24 h basal insulin
requirement

- Stress hyperglycaemia or
previously unrecognized
DM if insulin infusion rate
>1 units h™* or HbA1c
above normal

- Some institutions exclude
all stress hyperglycaemia
patients

TDD of insulin for 24 h full

nutrition:

(1) Meaninsulininfusion rate
per hour from last
6to8h

(2) Hourly rate x 24, then
multiply by 0.7 or
0.8=safety-adjusted
insulin dose

Glargine or detemir
- 40-50% of TDD

equivalent of > 60
mg of prednisone and
insulin infusion rate
>1unitsh™ !

- Patients with stress
hyperglycaemia
regardless of insulin
infusion rate: no
transition to basal
subcutaneous insulin

TDD=averaging hourly

drip rate over prior 6 h

multiplied

- By 20 if taking full
nutrition (>50% of
calories)

- By 40 if taking minimal
nutrition (NPO, <50%
of calories)

50% of TDD=first dose of
glargine
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in 24 h before transition
<11.9%

Estimate of combined basal

and nutritional

subcutaneous insulin

requirements

- Average insulin infusion
rate in last 12 h=mean
hourly rate — multiplied
by 24=daily insulin
requirement

Halve daily insulin
requirement=basal insulin
dose

- Patient’s hourly
insulin infusion
rate while
NPOx24=24h
basal insulin dose
during stress

Adjusted basal dose
accounting for stress
reduction=2/3x24h
basal insulin dose
during stress=units of
glargine
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Bolus Post-prandial BG >7.8 mmol

(mealtime) litre™* (140 mg dl™?): add 25%

insulin of daily dose of glargine as
rapid-acting insulin with each
meal

Conversion Overlap first glargine dose with

protocol insulin infusion by several hours

Monitoring BG
measurements

- Adapt glargine every 24 h

- Patients without previous DM
and normal HbAlc: taper
glargine by 20% of first dose
per day and discharge
without prescription

- Patients with previous DM:
maintain on glargine and
mealtime insulin until
discharge (transition
glargine to previous
outpatient therapy modified
as required by HbA1c)

Initiation with first dietary
trays, even if insulin infusion
still running

Stop insulin infusion 2 h after
first glargine dose

BG measurement at:

Pre-prandially

2 h post-prandially

bedtime

3.00am

Revise total 24 h dose daily

Revise distribution of basal
and prandial insulin daily
to approach 50% basal
and 50% prandial

Remainder of the
TDD=scheduled nutritional
insulin. Estimation of first
dose:

- 50% of the TDD as
nutritional coverage,
divided by 3 to determine
mealtime bolus (hold if
<50% of meal is eaten)

- More conservative: 10-20%
of basal dose for every
meal

- Basalinsulin at least 2 h
before insulin infusion
stops

- Shorter lead time (30 min)
possible if rapid-acting
insulin is given with basal
insulin

Use carbohydrate counting
to cover nutritional intake

50% of TDD divided into

-regularinsulin every 6 h
for patients on tube
feeds OR

- lispro (Humalog) before
meals if tolerating
oral diet

Patients on minimal

nutrition: hold 50%

nutritional dose until full

nutrition tolerated

Basal insulin
administration 2 h
before insulin infusion
stopped

Halve daily insulin

requirement and split into:

- 20% at breakfast
- 40% at lunch
- 40% at dinner

Give first basal insulin dose

2 h before first meal and
discontinuation of insulin
infusion and i.v. dextrose.

- Provide as soon
patients start
eating

- Depend on patients’
caloric intake

- Start with 10% of
adjusted basal
dose, given at each
meal

- Continue insulin
infusion at least 4 h
after first glargine
dose

- Stop insulin infusion
sooner when
glargine and
rapid-acting
meal-time bolus
are given

- Increase mealtime
boluses daily
according to caloric
intake
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particular, should likely be restarted no earlier than 48 h after
surgery when no renal insufficiency or nausea and vomiting
are present.'? 1% patients whose glycaemic status was well
controlled before hospital admission, however, can usually
transition to oral agents 1 or 2 days before discharge.?® *'*
Patients on home insulin regimes should ideally resume their
preadmission schedule at least 1 day before discharge.’?

Conclusion

Perioperative dysglycaemia in the adult surgical population
is ubiquitous, and unfortunately often undiagnosed. The pre-
ponderance of evidence indicates that abnormal glucose
homeostasis has an adverse effect on patient outcomes.
Anaesthesiologists, as leaders of the ‘surgical home’ model,
are perfectly poised to aid in the identification of these
patients, initiate treatment, and facilitate referrals for post-
operative care. Given the heterogeneous nature of this popula-
tion, it is unlikely that one standard of perioperative glycaemic
controlis appropriate for all patients. Certainly, early identifica-
tion coupled with timely intervention contributes to significant
risk reduction. Although not clearly delineated, the desired
level of intraoperative and postoperative glucose control
rests somewhere between strict control and overt hypergly-
caemia; the goal being adequate control and avoidance of
hypoglycaemia. Future investigations will help identify specific
perioperative glucose targets, especially in specialized surgical
populations (i.e. cardiac, neurosurgical), while advances in
monitoring and medications will make it easier to achieve spe-
cific glucose targets in individual patients. Closed-loop, con-
tinuous monitoring, and management systems with smart
alarms and clinical interfaces to enhance glycaemic control
are likely to be forthcoming, but are currently not clinically
available.'*

Authors’ contributions

J.J.S., AKL, and D.B.C.: research, writing, and revision of the
paper.

Declaration of interest
None declared.

Funding

There was no funding to support this review.

References
1 Dungan KM, Braithwaite SS, Preiser JC. Stress hyperglycaemia.
Lancet 2009; 373: 1798-807

2 LenaD,Kalfon P, Preiser JC, Ichai C. Glycemic control in the inten-
sive care unit and during the postoperative period. Anesthesiology
2011;114: 438-44

3 Dhatariya K, Levy N, Kilvert A, et al. NHS diabetes guideline for the
perioperative management of the adult patient with diabetes.
Diabet Med 2012; 29: 420-33

i30

10

11

12

13

14

15

16

17

18

19

20

21

22

Egi M, Bellomo R, Stachowski E, et al. Blood glucose concentration
and outcome of critical illness: the impact of diabetes. Crit Care
Med 2008; 36: 2249-55

Umpierrez GE, Isaacs SD, Bazargan N, You X, Thaler LM, Kitabchi AE.
Hyperglycemia: an independent marker of in-hospital mortality in
patients with undiagnosed diabetes. J Clin Endocrinol Metab 2002;
87:978-82

Finfer S, Liu B, Chittock DR, et al. Hypoglycemia and risk of death in
critically ill patients. N Engl J Med 2012; 367: 1108-18

Krinsley JS, Grover A. Severe hypoglycemia in critically ill patients:
risk factors and outcomes. Crit Care Med 2007; 35: 2262-7

World Health Organization. World Health Organization Guidelines
for Safe Surgery. Geneva: World Health Organization, 2009.
Lipshutz AK, Gropper MA. Perioperative glycemic control: an
evidence-based review. Anesthesiology 2009; 110: 408-21
Akhtar S, Barash PG, Inzucchi SE. Scientific principles and clinical
implications of perioperative glucose regulation and control.
Anesth Analg 2010; 110: 478-97

Fahy BG, Sheehy AM, Coursin DB. Glucose control in the intensive
care unit. Crit Care Med 2009; 37: 1769-76

Godoy DA, DiNapoli M, Biestro A, Lenhardt R. Perioperative glucose
control in neurosurgical patients. Anesthesiol Res Pract 2012;
2012: 690362

McDonnell ME, Alexanian SM, White L, Lazar HL. A primer for
achieving glycemic control in the cardiac surgical patient. J Card
Surg 2012; 27: 470-7

Ryan EA, Sia WW, Khurana R, Marnoch CA, Nerenberg KA, Ghosh M.
Glucose control during labour in diabetic women. J Obstet Gynae-
col Can 2012; 34: 1149-57

Sheehy AM, Benca J, Glinberg SL, et al. Preoperative ‘NPO’ as an op-
portunity for diabetes screening. J Hosp Med 2012; 7: 611-6
Effects of ramipril on cardiovascular and microvascular outcomes
in people with diabetes mellitus: results of the HOPE study and
MICRO-HOPE substudy. Heart Outcomes Prevention Evaluation
Study Investigators. Lancet 2000; 355: 253-9

American College of Cardiology/American Heart Association
Task Force on Practice Guidelines, American Society of Echocar-
diography, American Society of Nuclear Cardiology. 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 Associ-
ation Task Force on Practice Guidelines (Writing Committee to
Revise the 2002 Guidelines on Perioperative Cardiovascular
Evaluation for Noncardiac Surgery). Anesth Analg 2008; 106:
685-712

Carson JL, Scholz PM, Chen AY, Peterson ED, Gold J, Schneider SH.
Diabetes mellitus increases short-term mortality and morbidity
in patients undergoing coronary artery bypass graft surgery. J
Am Coll Cardiol 2002; 40: 418-23

Szabo Z, Hakanson E, Svedjeholm R. Early postoperative outcome
and medium-term survival in 540 diabetic and 2239 nondiabetic
patients undergoing coronary artery bypass grafting. Ann Thorac
Surg 2002; 74:712-9

Lazar HL, McDonnell M, Chipkin SR, et al. The Society of Thoracic
Surgeons practice guideline series: blood glucose management
during adult cardiac surgery. Ann Thorac Surg 2009; 87: 663 -9
Furnary AP, Wu Y. Eliminating the diabetic disadvantage: the Port-
land Diabetic Project. Semin Thorac Cardiovasc Surg 2006; 18:
302-8

Bagry HS, Raghavendran S, Carli F. Metabolic syndrome and insulin
resistance: perioperative considerations. Anesthesiology 2008;
108: 506-23

9T0Z ‘6T Jequieidas uo 1sanb Aq /Bio'sfeuinolp.ojxoelq//:dny wouy papeojumoq


http://bja.oxfordjournals.org/

Glycaemic control in the perioperative period

BJA

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

Hofferberth SC, Newcomb AE, Ryan MC, et al. High incidence of
insulin resistance and dysglycemia amongst nondiabetic cardiac
surgical patients. Ann Thorac Surg 2012; 94: 117-22

Milaskiewicz RM, Hall GM. Diabetes and anaesthesia: the past
decade. Br J Anaesth 1992; 68: 198-206

Thourani VH, Weintraub WS, Stein B, et al. Influence of diabetes
mellitus on early and late outcome after coronary artery bypass
grafting. Ann Thorac Surg 1999; 67: 1045-52

Ascione R, Rogers CA, Rajakaruna C, Angelini GD. Inadequate
blood glucose control is associated with in-hospital mortality
and morbidity in diabetic and nondiabetic patients undergoing
cardiac surgery. Circulation 2008; 118: 113-23

Anderson RE, Klerdal K, Ivert T, Hammar N, Barr G, Owall A. Are
even impaired fasting blood glucose levels preoperatively asso-
ciated with increased mortality after CABG surgery? Eur Heart J
2005; 26: 1513-8

Genuth S, Alberti KG, Bennett P, et al. Follow-up report on the diag-
nosis of diabetes mellitus. Diabetes Care 2003; 26: 3160-7
American Diabetes Association. Standards of medical care in dia-
betes—2013. Diabetes Care 2013; 36 (Suppl. 1): S11-66

Sheehy AM, Flood GE, Tuan WJ, Liou JI, Coursin DB, Smith MA. Ana-
lysis of guidelines for screening diabetes mellitusin an ambulatory
population. Mayo Clin Proc 2010; 85: 27-35

Abdelmalak B, Abdelmalak JB, Knittel J, et al. The prevalence of un-
diagnosed diabetes in non-cardiac surgery patients, an observa-
tional study. Can J Anaesth 2010; 57: 1058- 64

Lauruschkat AH, Arnrich B, Albert AA, et al. Prevalence and risks of
undiagnosed diabetes mellitus in patients undergoing coronary
artery bypass grafting. Circulation 2005; 112: 2397-402

Kohl BA, Schwartz S. How to manage perioperative endocrine in-
sufficiency. Anesthesiol Clin 2010; 28: 139-55

Sato H, Carvalho G, Sato T, Lattermann R, Matsukawa T, Schricker T.
The association of preoperative glycemic control, intraoperative
insulin sensitivity, and outcomes after cardiac surgery. J Clin Endo-
crinol Metab 2010; 95: 4338-44

Gustafsson UO, Thorell A, Soop M, Ljungqvist O, Nygren J. Haemoglo-
bin Alcas a predictor of postoperative hyperglycaemia and compli-
cations after major colorectal surgery. Br J Surg 2009; 96: 1358-64
Dronge AS, Perkal MF, Kancir S, Concato J, Aslan M, Rosenthal RA.
Long-term glycemic control and postoperative infectious compli-
cations. Arch Surg 2006; 141: 375-80; discussion 80

Hudson CC, Welsby 1J, Phillips-Bute B, et al. Glycosylated hemoglo-
bin levels and outcome in non-diabetic cardiac surgery patients.
Can J Anaesth 2010; 57: 565-72

Han HS, Kang SB. Relations between long-term glycemic control
and postoperative wound and infectious complications after
total knee arthroplasty in type 2 diabetics. Clin Orthoped Surg
2013;5:118-23

Dluhy RG, McMahon GT. Intensive glycemic control in the ACCORD
and ADVANCE trials. N Engl J Med 2008; 358: 2630-3

Little RR, Rohlfing CL. The long and winding road to optimal HbAlc
measurement. Clin Chim Acta 2013; 418: 63-71

Mraovic B, Suh D, Jacovides C, Parvizi J. Perioperative hypergly-
cemia and postoperative infection after lower limb arthroplasty.
J Diab Sci Technol 2011; 5: 412-8

Trick WE, Scheckler WE, Tokars JI, et al. Modifiable risk factors asso-
ciated with deep sternalssite infection after coronary artery bypass
grafting. J Thorac Cardiovasc Surg 2000; 119: 108-14

Mraovic B, Hipszer BR, Epstein RH, Pequignot EC, Parvizi J, Joseph JI.
Preadmission hyperglycemia is an independent risk factor for
in-hospital symptomatic pulmonary embolism after major ortho-
pedic surgery. J Arthroplasty 2010; 25: 64-70

A

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

McGirt MJ, Woodworth GF, Brooke BS, et al. Hyperglycemia inde-
pendentlyincreasesthe risk of perioperative stroke, myocardialin-
farction, and death after carotid endarterectomy. Neurosurgery
2006; 58: 1066-73; discussion 1066-73

Hatzakorzian R, Bui H, Carvalho G, Shan WL, Sidhu S, Schricker T.
Fasting blood glucose levels in patients presenting for elective
surgery. Nutrition 2011; 27: 298-301

Puskas F, Grocott HP, White WD, Mathew JP, Newman MF,
Bar-Yosef S. Intraoperative hyperglycemia and cognitive decline
after CABG. Ann Thorac Surg 2007; 84: 1467-73

Krinsley JS. Blood glucose control in critically ill patients: the
impact of diabetes. Crit Care Med 2009; 37: 382; author reply
382-3

Smith FG, Sheehy AM, Vincent JL, Coursin DB. Critical
illness-induced dysglycaemia: diabetes and beyond. Crit Care
2010; 14:327

Clement S, Braithwaite SS, Magee MF, et al. Management of dia-
betes and hyperglycemia in hospitals. Diabetes Care 2004; 27:
553-91

Bochicchio GV, Sung J, Joshi M, et al. Persistent hyperglycemia is
predictive of outcome in critically ill trauma patients. J Trauma
2005; 58:921-4

Bochicchio GV, Salzano L, Joshi M, Bochicchio K, Scalea TM. Admis-
sion preoperative glucose is predictive of morbidity and mortality
in trauma patients who require immediate operative intervention.
Am Surg 2005; 71: 171-4

Kerby JD, Griffin RL, MacLennan P, Rue LW. Stress-induced hyper-
glycemia, not diabetic hyperglycemida, is associated with higher
mortality in trauma. Ann Surg 2012; 256: 446-52

Karunakar MA, Staples KS. Does stress-induced hyperglycemia in-
crease the risk of perioperative infectious complications in ortho-
paedic trauma patients? J Orthopaed Trauma 2010; 24: 752-6
Egi M, Bellomo R, Stachowski E, French CJ, Hart G. Variability of
blood glucose concentration and short-term mortality in critically
ill patients. Anesthesiology 2006; 105: 244-52

Krinsley JS. Glycemic variability: a strongindependent predictor of
mortality in critically ill patients. Crit Care Med 2008; 36: 3008-13
Hermanides J, Vriesendorp TM, Bosman RJ, Zandstra DF,
Hoekstra JB, Devries JH. Glucose variability is associated with in-
tensive care unit mortality. Crit Care Med 2010; 38: 838-42
Inzucchi SE. Glycemic management of diabetes in the periopera-
tive setting. Int Anesthesiol Clin 2002; 40: 77-93

Joshi GP, Chung F, Vann MA, et al. Society for Ambulatory Anesthe-
sia consensus statement on perioperative blood glucose manage-
ment in diabetic patients undergoing ambulatory surgery. Anesth
Analg 2010; 111: 1378-87

Cryer PE, Axelrod L, Grossman AB, et al. Evaluation and man-
agement of adult hypoglycemic disorders: an Endocrine Society
Clinical Practice Guideline. J Clin Endocrinol Metab 2009; 94:
709-28

Shorr RI, Ray WA, Daugherty JR, Griffin MR. Incidence and risk
factors for serious hypoglycemia in older persons using insulin
or sulfonylureas. Arch Intern Med 1997; 157: 1681-6

Mooradian AD, Bernbaum M, Albert SG. Narrative review: a rational
approach to starting insulin therapy. Ann Intern Med 2006; 145:
125-34

De Hert S, Imberger G, Carlisle J, et al. Preoperative evaluation of
the adult patient undergoing non-cardiac surgery: guidelines
from the European Society of Anaesthesiology. Eur J Anaesthesiol
2011; 28:684-722

KohlBA, Hammond MS, Ochroch EA. Implementation of anintrao-
perative glycemic control protocol for cardiac surgery in a

i31

9T0Z ‘6T Jequieidas uo 1sanb Aq /Bio'sfeuinolp.ojxoelq//:dny wouy papeojumoq


http://bja.oxfordjournals.org/

BJA

Sebranek et al.

64

65

66

67

68

69

70

71

72
73

74

75

76

77

78

79

80

81

i32

high-acuity academic medical center: an observational study.
JClin Anesth 2013; 25: 121-8

Gandhi GY, Nuttall GA, Abel MD, et al. Intensive intraoperative
insulin therapy versus conventional glucose management
during cardiac surgery: a randomized trial. Ann Intern Med 2007;
146:233-43

Doenst T, Wijeysundera D, Karkouti K, et al. Hyperglycemia during
cardiopulmonary bypass is an independent risk factor for mortal-
ity in patients undergoing cardiac surgery. J Thorac Cardiovasc
Surg 2005; 130: 1144

Ouattara A, Lecomte P, Le Manach Y, et al. Poor intraoperative
blood glucose control is associated with a worsened hospital
outcome after cardiac surgery in diabetic patients. Anesthesiology
2005; 103: 687-94

Gandhi GY, Nuttall GA, Abel MD, et al. Intraoperative hypergly-
cemia and perioperative outcomes in cardiac surgery patients.
Mayo Clin Proc 2005; 80: 862-6

Maerz LL, Akhtar S. Perioperative glycemic management in 2011:
paradigm shifts. Curr Opin Crit Care 2011;17: 370-5

Girard M, Schricker T. Perioperative glucose control: living in uncer-
tain times—continuing professional development. Can J Anaesth
2011;58:312-29

van den Berghe G, Wouters P, Weekers F, et al. Intensive insulin
therapy in critically ill patients. N Engl J Med 2001; 345: 1359-67
Bellomo R, Egi M. Glycemic control in the intensive care unit:
why we should wait for NICE-SUGAR. Mayo Clin Proc 2005; 80:
1546-8

Krinsley J. Glycemic control in critically ill patients: Leuven and
beyond. Chest 2007; 132: 1-2

Van den Berghe G, Wilmer A, Hermans G, et al. Intensive insulin
therapy in the medical ICU. N Engl J Med 2006; 354: 449-61

Van den Berghe G, Wilmer A, Milants I, et al. Intensive insulin
therapy in mixed medical/surgical intensive care units: benefit
versus harm. Diabetes 2006; 55: 3151-9

Finfer S, Heritier S, Committee NSM, Committee SSE. The NICE-
SUGAR (Normoglycaemia in Intensive Care Evaluation and
Survival Using Glucose Algorithm Regulation) Study: statistical
analysis plan. Crit Care Resusc 2009; 11: 46-57

Preiser JC. Restoring normoglycaemia: not so harmless. Crit Care
2008;12:116

Preiser JC, Devos P. Clinical experience with tight glucose control
by intensive insulin therapy. Crit Care Med 2007; 35: S503-7

Hua J, Chen G, Li H, et al. Intensive intraoperative insulin therapy
versus conventional insulin therapy during cardiac surgery: a
meta-analysis. J Cardiothorac Vasc Anesth 2012; 26: 829-34
Moghissi ES, Korytkowski MT, DiNardo M, et al. American Associ-
ation of Clinical Endocrinologists and American Diabetes Associ-
ation consensus statement on inpatient glycemic control.
Endocr Pract 2009; 15: 353-69

Qaseem A, Humphrey LL, Chou R, Snow V, Shekelle P, Clinical
Guidelines Committee of the American College of Physicians.
Use of intensive insulin therapy for the management of glycemic
control in hospitalized patients: a clinical practice guideline from
the American College of Physicians. Ann Intern Med 2011; 154:
260-7

Poldermans D, Bax JJ, Boersma E, et al. Guidelines for pre-
operative cardiac risk assessment and perioperative cardiac man-
agement in non-cardiac surgery: the Task Force for Preoperative
Cardiac Risk Assessment and Perioperative Cardiac Management
in Non-cardiac Surgery of the European Society of Cardiology
(ESC) and endorsed by the European Society of Anaesthesiology
(ESA). Eur J Anaesthesiol 2010; 27:92-137

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

Umpierrez GE, Latif K, Stoever J, et al. Efficacy of subcutaneous
insulin lispro versus continuous intravenous regular insulin for
the treatment of patients with diabetic ketoacidosis. Am J Med
2004;117:291-6

Federico F. Preventing harm from high-alert medications. Jt Comm
J Qual Patient Saf 2007; 33: 537-42

Rice MJ, Pitkin AD, Coursin DB. Review article: glucose measure-
ment in the operating room: more complicated than it seems.
Anesth Analg 2010; 110: 1056-65

Sacks DB, Bruns DE, Goldstein DE, Maclaren NK, McDonald JM,
Parrott M. Guidelines and recommendations for laboratory ana-
lysis in the diagnosis and management of diabetes mellitus. Clin
Chem 2002; 48: 436-72

Gan TJ, Meyer TA, Apfel CC, et al. Society for Ambulatory Anesthe-
sia guidelines for the management of postoperative nausea and
vomiting. Anesth Analg 2007; 105: 1615-28, table of contents
Practice guidelines for postanesthetic care: a report by the Ameri-
can Society of Anesthesiologists Task Force on Postanesthetic
Care. Anesthesiology 2002; 96: 742 -52

Dellinger RP, Carlet JM, Masur H, et al. Surviving Sepsis Campaign
guidelines for management of severe sepsis and septic shock. In-
tensive Care Med 2004; 30: 536-55

Dellinger RP, Levy MM, Carlet JM, et al. Surviving Sepsis Campaign:
international guidelines for management of severe sepsis and
septic shock: 2008. Crit Care Med 2008; 36: 296-327

American Diabetes Association. Standards of medical care in dia-
betes—2008. Diabetes Care 2008; 31 (Suppl. 1): S12-54

Rodbard HW, Blonde L, Braithwaite SS, et al. American Association
of Clinical Endocrinologists medical guidelines for clinical practice
for the management of diabetes mellitus. Endocr Pract 2007; 13
(Suppl. 1): 1-68

Brunkhorst FM, Engel C, Bloos F, et al. Intensive insulin therapy and
pentastarch resuscitation in severe sepsis. N EnglJMed 2008; 358:
125-39

Arabi YM, Dabbagh OC, Tamim HM, et al. Intensive versus conven-
tionalinsulin therapy: arandomized controlled trialin medicaland
surgical critically ill patients. Crit Care Med 2008; 36: 3190-7
Preiser JC, Devos P, Ruiz-Santana S, et al. A prospective rando-
mised multi-centre controlled trial on tight glucose control by in-
tensive insulin therapy in adult intensive care units: the Glucontrol
study. Intensive Care Med 2009; 35: 1738-48

De La Rosa Gdel C, Donado JH, Restrepo AH, et al. Strict glycaemic
controlin patients hospitalised in a mixed medical and surgicalin-
tensive care unit: a randomised clinical trial. Crit Care 2008; 12:
R120

NICE-SUGAR Study Investigators, Finfer S, Chittock DR, et al. Inten-
sive versus conventional glucose control in critically ill patients. N
Engl J Med 2009; 360: 1283-97

Lazar HL, Chipkin SR, Fitzgerald CA, Bao Y, Cabral H, Apstein CS.
Tight glycemic control in diabetic coronary artery bypass graft
patients improves perioperative outcomes and decreases recur-
rent ischemic events. Circulation 2004; 109: 1497 -502

Latham R, Lancaster AD, Covington JF, Pirolo JS, Thomas CS Jr. The
association of diabetes and glucose control with surgical-site
infections among cardiothoracic surgery patients. Infect Control
Hosp Epidemiol 2001; 22: 607-12

Krinsley JS. Effect of an intensive glucose management protocol
on the mortality of critically ill adult patients. Mayo Clin Proc
2004; 79: 992-1000

Wiener RS, Wiener DC, Larson RJ. Benefits and risks of tight
glucose control in critically ill adults: a meta-analysis. J Am Med
Assoc 2008; 300: 933 -44

9T0Z ‘6T Jequieidas uo 1sanb Aq /Bio'sfeuinolp.ojxoelq//:dny wouy papeojumoq


http://bja.oxfordjournals.org/

Glycaemic control in the perioperative period

BJA

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

Ishihara M, Kojima S, Sakamoto T, et al. Acute hyperglycemia is
associated with adverse outcome after acute myocardial infarc-
tion in the coronary intervention era. Am Heart J 2005; 150:
814-20

Finney SJ, Zekveld C, Elia A, Evans TW. Glucose control and mortal-
ity in critically ill patients. J Am Med Assoc 2003; 290: 2041-7
Dellinger RP, Levy MM, Rhodes A, et al. Surviving Sepsis Campaign:
international guidelines for management of severe sepsis and
septic shock, 2012. Intensive Care Med 2013; 39: 165-228

Ichai C, Preiser JC. International recommendations for glucose
control in adult non diabetic critically ill patients. Crit Care 2010;
14:R166

Jacobi J, Bircher N, Krinsley J, et al. Guidelines for the use of an
insulininfusion for the management of hyperglycemiain critically
ill patients. Crit Care Med 2012; 40: 3251-76

Societe Francaise d’Anesthesie et de Reanimation. Formal recom-
mendations by the experts. Glycemic controlinintensive care unit
and during anaesthesia. Ann Fr Anesth Reanim 2009; 28: 410-5
Scalea TM, Bochicchio GV, Bochicchio KM, Johnson SB, Joshi M,
Pyle A. Tight glycemic control in critically injured trauma patients.
Ann Surg 2007; 246: 605 -10; discussion 10-2

Collier B, Diaz J Jr, Forbes R, et al. The impact of a normoglycemic
management protocol on clinical outcomes in the trauma inten-
sive care unit. J Parenter Enteral Nutr 2005; 29: 353 - 8; discussion
359

Helbok R, Schmidt JM, Kurtz P, et al. Systemic glucose and brain
energy metabolism after subarachnoid hemorrhage. Neurocrit
Care 2010;12:317-23

Ryden L, Standl E, Bartnik M, et al. Guidelines on diabetes, pre-
diabetes, and cardiovascular diseases: executive summary. The
Task Force on Diabetes and Cardiovascular Diseases of the Euro-
pean Society of Cardiology (ESC) and of the European Association
for the Study of Diabetes (EASD). Eur Heart J 2007; 28: 88-136
HandelsmanY, Mechanick JI, BlondeL, et al. American Association
of Clinical Endocrinologists medical guidelines for clinical practice
for developing a diabetes mellitus comprehensive care plan.
Endocr Pract 2011; 17 (Suppl. 2): 1-53

Fasching P, Huber J, Clodi M, Abrahamian H, Ludvik B. Position
statement: surgery and diabetes mellitus. Wien Klin Wochenschr
2012;124 (Suppl. 2): 115-9

Krinsley JS. Glycemic control, diabetic status, and mortality in a
heterogeneous population of critically ill patients before and
during the era of intensive glycemic management: six and
one-half years experience at a university-affiliated community
hospital. Semin Thorac Cardiovasc Surg 2006; 18: 317-25
Vriesendorp TM, van Santen S, DeVries JH, et al. Predisposing
factors for hypoglycemia in the intensive care unit. Crit Care Med
2006; 34:96-101

O’Malley CW, Emanuele M, Halasyamani L, Amin AN. Bridge over
troubled waters: safe and effective transitions of the inpatient
with hyperglycemia. J Hosp Med 2008; 3: 55-65

Furnary AP, Braithwaite SS. Effects of outcome onin-hospital tran-
sition from intravenous insulin infusion to subcutaneous therapy.
Am J Cardiol 2006; 98: 557 -64

Donaldson S, Villanuueva G, Rondinelli L, Baldwin D. Rush Univer-
sity guidelines and protocols for the management of hypergly-
cemia in hospitalized patients: elimination of the sliding scale
and improvement of glycemic control throughout the hospital.
Diabetes Educ 2006; 32: 954-62

Ramos P, Childers D, Maynard G, et al. Maintaining glycemic
control when transitioning from infusion insulin: a protocol-
driven, multidisciplinary approach. J Hosp Med 2010; 5: 446-51

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

Maggdiji V, Johnston J. Inpatient management of hyperglycemia
and diabetes. Clin Diab 2011; 29: 3-9

Avanzini F, Marelli G, Donzelli W, et al. Transition from intravenous
to subcutaneous insulin: effectiveness and safety of a standar-
dized protocol and predictors of outcome in patients with acute
coronary syndrome. Diabetes Care 2011; 34: 1445-50

Weant KA, Ladha A. Conversion from continuous insulin infusions
to subcutaneousinsulinin critically ill patients. Ann Pharmacother
2009; 43: 629-34

Umpierrez GE, Smiley D, Hermayer K, et al. Randomized study com-
paring a basal-bolus with a basal plus correction insulin regimen for
the hospital management of medical and surgical patients with
type 2 diabetes: basal plus trial. Diabetes Care 2013; 36: 2169-74
Umpierrez GE, Hellman R, Korytkowski MT, et al. Management of
hyperglycemia in hospitalized patients in non-critical care
setting: an endocrine society clinical practice guideline. J Clin
Endocrinol Metab 2012; 97: 16-38

Hoogwerf BJ. Perioperative management of diabetes mellitus:
how should we act on the limited evidence? Cleve Clin J Med
2006; 73 (Suppl. 1): S95-9

Rice MJ, Coursin DB. Continuous measurement of glucose: facts
and challenges. Anesthesiology 2012; 116: 199-204

Slama G, Traynard PY, Desplanque N, et al. The search for an opti-
mized treatment of hypoglycemia. Carbohydrates in tablets,
solutin, or gel for the correction of insulin reactions. Arch Intern
Med 1990; 150: 589-93

Ingels C, Debaveye Y, Milants I, et al. Strict blood glucose control
with insulin during intensive care after cardiac surgery: impact
on 4-years survival, dependency on medical care, and
quality-of-life. Eur Heart J 2006; 27: 2716- 24

Zerr KJ, Furnary AP, Grunkemeier GL, Bookin S, Kanhere V, Starr A.
Glucose control lowers the risk of wound infection in diabetics
after open heart operations. Ann Thorac Surg 1997; 63: 356-61
Furnary AP, Zerr KJ, Grunkemeier GL, Starr A. Continuous intraven-
ous insulin infusion reduces the incidence of deep sternal wound
infection in diabetic patients after cardiac surgical procedures.
Ann Thorac Surg 1999; 67: 352-60; discussion 60-2

Leibowitz G, Raizman E, Brezis M, Glaser B, Raz I, Shapira O. Effects
of moderate intensity glycemic control after cardiac surgery. Ann
Thorac Surg 2010; 90: 1825-32

Coester A, Neumann CR, Schmidt MI. Intensive insulin therapy in
severe traumatic brain injury: a randomized trial. J Trauma 2010;
68:904-11

Jeremitsky E, Omert LA, Dunham CM, Wilberger J, Rodriguez A. The
impact of hyperglycemia on patients with severe brain injury. J
Trauma 2005; 58: 47-50

Capes SE, Hunt D, Malmberg K, Pathak P, Gerstein HC. Stress hyper-
glycemia and prognosis of stroke in nondiabetic and diabetic
patients: a systematic overview. Stroke 2001; 32: 2426-32
Bruno A, Levine SR, Frankel MR, et al. Admission glucose level and
clinical outcomes in the NINDS rt-PA Stroke Trial. Neurology 2002;
59:669-74

Garg R, Chaudhuri A, Munschauer F, Dandona P. Hyperglycemia,
insulin, and acute ischemic stroke: a mechanistic justification for
a trial of insulin infusion therapy. Stroke 2006; 37: 267-73
Fogelholm R, Murros K, Rissanen A, Avikainen S. Admission blood
glucose and short term survival in primary intracerebral haemor-
rhage: a population based study. J Neurol Neurosurg Psychiatry
2005; 76: 349-53

Kruyt ND, Biessels GJ, de Haan RJ, et al. Hyperglycemia and clinical
outcome in aneurysmal subarachnoid hemorrhage: a meta-
analysis. Stroke 2009; 40: e424-30

i33

9T0Z ‘6T Jequieidas uo 1sanb Aq /Bio'sfeuinolp.ojxoelq//:dny wouy papeojumoq


http://bja.oxfordjournals.org/

BJA

Sebranek et al.

138

139

i34

Bilotta F, Spinelli A, Giovannini F, Doronzio A, Delfini R, Rosa G.
The effect of intensive insulin therapy on infection rate,
vasospasm, neurologic outcome, and mortality in neuro-
intensive care unit after intracranial aneurysm clipping in
patients with acute subarachnoid hemorrhage: a randomized
prospective pilot trial. J Neurosurg Anesthesiol 2007; 19:
156-60

Pasternak JJ, McGregor DG, Schroeder DR, et al. Hyperglycemia in
patients undergoing cerebral aneurysm surgery: its association

140

141

with long-term gross neurologic and neuropsychological func-
tion. Mayo Clin Proc 2008; 83: 406-17

Vaquerizo Alonso C, Grau Carmona T, Juan Diaz M. Guidelines for
specialized nutritional and metabolic support in the critically-ill
patient: update. Consensus SEMICYUC-SENPE: hyperglycemia
and diabetes mellitus. Nutr Hosp 2011; 26 (Suppl. 2): 46-9
Magaji V, Nayak S, Donihi AC, et al. Comparison of insulin infusion
protocols targeting 110-140 mg/dL in patients after cardiac
surgery. Diabetes Technol Ther 2012; 14: 1013-7

Handling editor: H. C. Hemmings

9T0Z ‘6T Jequieidas uo 1sanb Aq /Bio'sfeuinolp.ojxoelq//:dny wouy papeojumoq


http://bja.oxfordjournals.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


