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Keypoints

e The diabetes epidemic is not sparing hospital practice. Approximately
12-24% of all hospital inpatients have diabetes.

e A significant proportion of hospital inpatients with hyperglycemia have
undiagnosed diabetes and stress hyperglycemia.

e Hospitalization frequently presents a missed opportunity to diagnose
diabetes and to identify those at risk for diabetes.

e In-hospital hyperglycemia and hypoglycemia are associated with poor
outcomes in a broad range of specialties.

o There are few randomized controlled trials demonstrating benefit from
interventions in the inpatient care setting.

o Hospital inpatients with diabetes frequently have multiple co-
morbidities and complex medical and nursing requirements.

o Ward-based staff are frequently poorly trained and therefore ill-
equipped to manage diabetes care safely and effectively.

o Care of the critically ill patient with diabetes and
hyperglycemia requires highly skilled and appropriately trained
staff.

e Insulin and diabetes management errors continue to compromise
patient safety.

e Structured diabetes care delivered by appropriately trained staff and
supported by a dedicated specialist inpatient team in partnership with
the patient improves the patient experience, reduces diabetes
prescribing and management errors and length of stay in many clinical
settings in hospital.

e Patients with diabetes are more likely to undergo in-hospital procedures
and should be individually managed by agreed and audited protocols.

e Patients undergoing surgery should have a preoperative assessment, a
robust risk assessment and an individualized care plan including a safe
and effective discharge plan.

e Standards of care for hospital inpatients have been defined by
professional organizations but are not globally implemented.

o Audit of inpatient care reveals poor standards of care and patient
experience and demonstrates the inadequacy of present systems and
processes.

Introduction

Known diabetes in hospital

The global burden of diagnosed diabetes has reached epidemic
proportions. The International Diabetes Federation predicts that
by the year 2030 prevalence rates of type 2 diabetes will have
increased by approximately 20% in Europe and by 65-98% in less
economically developed countries [1]. Disproportionate numbers
of people admitted to hospital have diabetes. The prevalence of
diabetes in the inpatient population is almost certainly underes-
timated because of poor coding of diabetes as a co-morbidity.
This applies equally to both planned and emergency care.
Conservative estimates of diagnosed diabetes are between 12%
and 24% of all inpatients in the USA [2]. Every year people with
diabetes spend approximately 1.34 million days in hospital and it
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is estimated that in the UK there are 80000 excess bed days per
year. The cost of caring for inpatients with diabetes is around
£485 million per year [3].

Undiagnosed diabetes and stress hyperglycemia

in hospital

The number of hospital inpatients with diabetes has increased
and is rising inexorably. This only represents the tip of the iceberg,
however, as it takes no account of those patients with a raised
plasma glucose level without a diagnosis of diabetes. In addition
to those with diagnosed diabetes, there are two other groups of
patients with hyperglycemia in hospital. First, there are those
with unrecognized diabetes occurring during hospitalization and
subsequently confirmed after discharge and, secondly, those with
so-called “hospital-related” hyperglycemia (fasting plasma
glucose >126mg/dL (7mmol/L) or random >198mg/dL
(11 mmol/L), occurring during hospitalization, which reverts to
normal after discharge (also known as “stress hyperglycemia”).
Recent studies suggest that these two groups may add a further
30% to the total numbers with raised plasma glucose levels [4].
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So when the burden of “in-hospital hyperglycemia” is considered
to include all three groups, then the prevalence is approximately
40% of all hospital inpatients.

Evidence of harm from in-hospital
hyperglycemia and benefit of
glucose lowering

There is compelling evidence that poorly controlled blood glucose
levels are associated with a higher in-hospital morbidity and mor-
tality, prolonged length of stay, unfavorable post-discharge out-
comes and significant excess health care costs [5-9]. Umpierrez
et al. [4] showed that patients with new hyperglycemia had an
18-fold increased in-hospital mortality and patients with known
diabetes had a 2.7-fold increased in-hospital mortality when
compared with normoglycemic patients [4]. In 2004, a joint posi-
tion statement from the American College of Endocrinology
(ACE) and the American Association of Clinical Endocrinologists
(AACE) on inpatient diabetes and metabolic control concluded
that hyperglycemia in hospitalized patients is a common, serious
and costly health care problem [10]. There was a strong recom-
mendation for early detection of hyperglycemia and an aggressive
management approach to improve outcomes.

Randomized trials have demonstrated improved outcomes
resulting from more aggressive management of hyperglycemia in
the following areas.

Acute coronary syndromes

It is not clear whether high glucose is a marker or mediator of
poor outcomes in acute coronary syndromes (ACS). In the man-
agement of myocardial infarction a meta-analysis of 15 studies
showed that blood glucose (BG) >120 mg/dL (6.1 mmol/L), with
or without a prior diagnosis of diabetes, was associated with an
increased in-hospital mortality and subsequent heart failure [11].
Current evidence supports the use of intravenous insulin in the
first 24 hours and intensified subcutaneous insulin for 3 months
in the setting of ST-segment elevation myocardial infarction
(STEMI) where the DIGAMI 1 study showed a 29% reduction in
mortality at 1 year [12]. Other randomized controlled trials such
as DIGAMI-2 and CREATE-ECLAT have failed to reproduce
these findings [13,14].

Observational data from the UK Myocardial Infarction
National Audit Programme (MINAP) of patients with troponin-
positive ACS demonstrated poorer outcomes in those with an
elevated BG on admission, with 30-day mortality of 20.2% in
those with BG >170mg/dL (9.4 mmol/L) compared with 3.3% in
those with BG <170mg/dL (9.4mmol/L). Of 38864 patients
recorded on the MINAP database, around 10% (of those with no
prior diagnosis of diabetes) had an admission BG >250 mg/dL
(14 mmol/L). Patients who did not receive treatment with intra-
venous insulin had a relative increased risk of death of 56% at 7
days and 51% at 30 days [15].

Cardiac surgery

Most of the outcome data for patients undergoing cardiac surgery
relates to the Portland Diabetic Project, which was a non-rand-
omized observational study of 5510 patients undergoing cardiac
surgery during 1987-2005. This has shown that patients with
hyperglycemia managed with an intravenous infusion titrated to
normoglycemia for 3 days postoperatively had improved mortal-
ity, reduction in deep sternal wound infections and reduction in
length of stay [16].

Critical care setting

The landmark study by Van den Berge et al. [17] showed
that postoperative intensive insulin therapy (IIT) reduced
mortality and morbidity in patients in the surgical intensive treat-
ment unit (ITU). In a later study by the same group in medical
ITU patients, IIT reduced morbidity but not mortality [18].
Randomized trials of II'T have shown inconsistent effects on mor-
tality and increased rates of severe hypoglycemia. A recent meta-
analysis of 26 trials involving 13 567 patients including the recent
NICE-SUGAR trial, the pooled relative risk of death with IIT
compared with conventional therapy was 0.93 (95% CI 0.83—
1.04). Fourteen trials reported hypoglycemic events and showed
a significant increase in severe hypoglycemia with a relative rate
(RR) of 6.0 (95% CI 4.5-8.0). The different targets of II'T did not
influence either mortality or risk of hypoglycemia [19].

Pathophysiology of hyperglycemia
in acute illness

A key goal of inpatient diabetes management is minimizing the
metabolic decompensation from the stress of illness and surgery.
Stress-induced hyperglycemia is caused by the combined effects
of integrated endogenous hormonal, cytokines and counter-
regulatory nervous system signals on glucose metabolic pathways
[20]. Inflammatory and counter-regulatory responses to critical
illness alter the effect of insulin on hepatic glucose production
and skeletal muscle. Stress leads to the increased secretion of
counter-regulatory hormones (glucagon, epinephrine, norepine-
phrine, cortisol and growth hormone), which stimulates hepatic
glycogenolysis and gluconeogenesis. Peripheral uptake of glucose
is inhibited. A major consequence of severe hyperglycemia is
osmotic  diuresis accompanied by dehydration and
electrolyte disturbances (sodium, potassium, magnesium and
phosphate). This increased osmotic state is procoagulant.

The stress hormones also accelerate fat and protein breakdown
leading to a generalized catabolic state. In the surgical setting,
starvation preoperatively and postoperatively can be a large con-
tributor to this process. In people without diabetes, a compensa-
tory increase in insulin secretion helps to mediate against these
catabolic effects. Patients with an absolute insulin deficiency are
prone to unopposed lipolysis and ketone body formation that can
ultimately result in diabetic ketoacidosis.
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Stress increases the release of inflammatory mediators, leading
to insulin resistance and hyperglycemia [21]. Inflammatory
cytokines interleukin-1, interleukin-6 and tumor necrosis factor
o (TNF-o) may directly or indirectly enhance both hepatic
gluconeogenesis and glycogenolysis. TNF-o. alters the signaling
properties of insulin receptor substrate, leading to enhanced
target organ insulin resistance.

Wound healing and the susceptibility to infection are also
affected by hyperglycemia and insulin deficiency, as demon-
strated by in vitro studies looking at white blood cell functioning
[22]. Hyperglycemia-induced abnormalities in the phagocytic
and bactericidal actions of neutrophils are reversed with improved
glucose control.

There are other causes of hyperglycemia, which may be more
specifically related to the hospital admission [23]. These include
co-administered medications such as corticosteroids and immu-
nosuppressants (e.g. cyclosporine, tacrolimus). Immobility sec-
ondary to surgery, trauma or acute illness can accelerate both
hyperglycemic and procoagulant states.

Effects of glucose lowering and intravenous

insulin therapy

The mechanisms behind the improved outcomes from intrave-
nous insulin are numerous. The vasodilatory, anti-inflammatory
and anti-atherogenic effects of insulin have been studied. In vitro,
insulin induces a dose-dependent increase in nitrous oxide syn-
thase production in the endothelium. Ultimately, insulin treat-
ment may improve endothelial function in patients with diabetes
[24].

Current recommended standards of care for
hospital inpatients with diabetes

Several professional organizations from different countries have
published suggested standards of care for hospital inpatients. The
International Diabetes Federation (IDF) is an umbrella organiza-
tion of over 200 national diabetes associations in over 160 coun-
tries which has also published a standards document about
inpatient care in type 2 diabetes. The content of the major pub-
lications are reviewed below. There are a number of recurring
themes which include equitable access to specialist services,
empowerment of patients, delivery of care by agreed guidelines,
setting of glycemic targets and embedding effective and audited
hyperglycemic management protocols.

International Diabetes Federation 2005

Within the guideline produced by the IDF on the care of patients
with type 2 diabetes, a number of recommendations were made
concerning inpatient care [25]. The standard recommendation of
the IDF group fell broadly into four categories:

1 Inpatient care organization. This should be undertaken by a
trained diabetes care health care professional with focus on
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individual plans including discharge and follow-up, access to
the multidisciplinary team and appropriate laboratory and inves-
tigative procedures, increasing staff awareness of the needs of
people with diabetes and implementing strategies to prevent
patient disempowerment by promotion of self-management of
diabetes.

2 General ward care. Patients should be empowered to self-man-
age where appropriate with regard to glucose monitoring, food
choices and insulin administration.

3 Care of patients undergoing inpatient procedures. There should
be provision for assessment of glycemic control and of metabolic
and vascular risk for those undergoing planned procedures and
agreed protocols should be in place. Staff should be made aware
of the special risks associated with diabetes such as development
of new ulceration, cardiac risk and renal failure.

4 Care of the critically ill. Patients should be managed according
to a strict glycemic protocol with glucose levels kept <110 mg/dL
(6.1mmol/L) and an active avoidance of hypoglycemia.

American Diabetes Association and American
Association of Clinical Endocrinologists 2006

The American Diabetes Association (ADA) Technical Review on
the Management of Diabetes and Hyperglycemia in Hospital
was published as an in-depth review of the literature on this
topic and outlined practical management strategies [26]. The
implementation of these policies and recommendations had
remained an elusive goal in everyday clinical practice. Therefore,
in 2006, the ADA and the American Association of Clinical
Endocrinologists (AACE) produced a further consensus state-
ment entitled Inpatient Diabetes and Glycemic Control: A call to
action in an attempt to identify and overcome barriers to change
in practice to facilitate improvement in inpatient diabetes care
[27]. This was updated in 2009 with new glycemic targets based
on recent publications that have demonstrated concern about the
harmful effect of in-hospital hypoglycemia in some clinical
settings [28].

Canadian Diabetes Association

The Canadian guidelines include separate sections on peri-oper-
ative and peri-acute coronary syndrome glycemic control, recom-
mending glucose levels of 6.1mmol/L in post surgical ITU
patients and 128-180 mg/dL (7.1-10 mmol/L) in peri-myocardial
infarction patients [29].

UK Diabetes Services

National Service Framework for Diabetes 2004

The Diabetes National Service Framework set out the first set of
national standards for the treatment of diabetes [30]. Two stand-
ards were set for hospital care.

1 Standard 7. The NHS will develop, implement and monitor
agreed protocols for rapid and effective treatment of diabetic
emergencies by appropriately trained health care professionals.
Protocols will include the management of acute complications
and procedures to minimize the risk of recurrence.
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2 Standard 8. All children, young people and adults with diabe-
tes admitted to hospital, for whatever reason, will receive effective
care of their diabetes. Wherever possible, they will continue to
be involved in decisions concerning the management of their
diabetes.

National Diabetes Support Group (NHS Diabetes) 2008

In 2008, the National Diabetes Support Group produced a docu-
ment focusing on improvement of diabetes inpatient services and
the commissioning of these services [31]. NHS Diabetes has now
updated the commissioning toolkit to include the commissioning
of emergency and inpatient care [31].

Diabetes UK 2009

Diabetes UK has produced a document for patients entitled
“What care to expect in hospital”, available from Diabetes UK
[32]. It is hoped that this empowerment of patients will help to
drive up in-hospital standards of care. Diabetes UK in partnership
with NHS Diabetes and a number of other professional bodies
through the “Putting Feet First’ campaign have recently pro-
moted the dissemination of a national guideline for the manage-
ment of patients with acute diabetic foot problems in hospital.

National Health Institute of Innovation and
Implementation 2009

The National Health Institute of Innovation and Implementation
recently launched a package of recommendations to improve
standards of care in hospital inpatients. This was branded the
“Think Glucose” campaign and has been cascaded to all UK
hospitals. Each acute hospital in the UK has been provided with
a set of recommendations and a toolkit to drive improvement in
standards [33].

Aims of diabetes inpatient care

Diabetes care in hospital inpatients poses a real challenge as most
patients are admitted to a hospital bed with a condition unrelated
to their diabetes, be that electively or as an emergency. Non-
diabetes specialists are often in charge of their care, and they may
often have little understanding of diabetes management and its
importance on patient outcomes. As a result, there can be an
increased risk of harm from issues such as lack of insulin dose
adjustment or prescribing errors.

Achieving a good outcome

Patients should come to no harm because of their diabetes man-
agement. Hypoglycemia and excessive hyperglycemia are both are
associated with poorer clinical outcomes and should be managed
according to local protocols. Clinical guidelines supported by the
use of integrated care pathways should be in place to drive up
standards of care. Management by a specialist team with agreed
protocols against agreed standards improves care for those admit-
ted to hospital [34].

Supporting a rapid recovery

Patients with diabetes are twice as likely to be admitted to hospital
and stay twice as long in a hospital bed [35]. Minimizing excess
length of stay should be one of the principal aims of good inpa-
tient care. Prolonged length of stay occurs for a multiplicity of
reasons but is often because of diabetes mismanagement second-
ary to poor staff knowledge and lack of education. There is evi-
dence that involvement of the specialist diabetes team, and in
particular diabetes inpatient specialist nurses (DISNs), signifi-
cantly reduces length of stay and insulin errors and improves the
patient experience [36—38]. This requires a culture that invests in
excellent communication between the person with diabetes, dia-
betes specialists and non-specialist teams to activate timely inter-
vention by avoiding glycemic deterioration during hospital stay.

Facilitating a good patient experience and patients
expressed concerns about inpatient care

Patients are accustomed to managing their own diabetes.
Traditionally, patients are disempowered in the management of
their diabetes as soon as they are admitted to a hospital bed. For
those people with diabetes accustomed to self-management by
insulin adjustment this is a negative experience [35]. The ADA
[28] and Diabetes UK [32], while acknowledging the importance
of diabetes self-management, highlighted the need to educate
people with diabetes to deliver safe self-care in the hospital
setting. Individuals suitable for self-management in hospital must
be competent adults with a stable level of consciousness who
successfully manage their diabetes at home. In addition, while in
hospital it is advised that these patients have the physical skills
appropriate to self-administer insulin; be accustomed to per-
forming self-monitoring of blood glucose; and have adequate oral
intake. In the event that self-care is deemed unsafe or impossible
(e.g. critically ill, post surgery or unwilling), then there must be
a governance arrangement to assess patient competency and if
necessary supersede patients’ right to self-care.

Encouraging and supporting patients to have as much respon-
sibility for their diabetes management as they wish for, and their
clinical status allows, is likely to enhance the patient experience
during a hospital stay. The Diabetes UK position statement on
what care adults with diabetes should expect in hospital clearly
focuses on the importance of patient self-management, while
reminding health care professionals of the importance of policies
and strategies being in place to support this concept in the ward
setting (Table 32.1).

Barriers to safe and effective diabetes care
delivery in hospital

Systems failures

It is essential that the patient with diabetes is identified and
flagged at an early stage of the admission process. The ADA rec-
ommends that all patients admitted to hospital should be identi-
fied in the medical record as having diabetes. The UK NHS
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Table 32.1 Patients’ experiences of in-hospital diabetes care [60].

1 Experiences of disempowerment and distress. Patients felt that they
were not engaged as partners in their care during their
admissions, and in some cases patronized by staff members

2 Food/food timings and their coordination with medication. This
often reflected a lack of understanding amongst staff of the
relationship between food and good diabetes management

3 Medicines mismanagement in hospital. People were given the
wrong medication or dose
4 Lack of communication between different multidisciplinary team

members and with the person with diabetes. This led to basic
failures in communication such as notification of both changes in
timings of procedures and dosages of medications to the patient

5 Lack of hospital staff knowledge of diabetes management both in
terms of basic care and respecting patient autonomy
6 Importance of people with diabetes being allowed to self-manage

and thereby respecting the role of the person with diabetes in
usually self-managing their condition on a daily basis

7 Positive experiences of good diabetes management and proactively
allowing patients to self-manage

Institute for Innovation and Improvement also recommends a
diabetes identifier as a prerequisite for ensuring quality of care
[33]. Yet this has not been achievable in the UK in secondary care
because of systems failure as a result of poor coding and inade-
quate information systems technology. In addition, if we are to
identify those patients with undiagnosed diabetes and stress
hyperglycemia and make an impact on their poor outcomes there
needs to be a policy of routine blood glucose screening for all
hospital inpatients. This is not standard practice in the UK.

Ward environment factors

Basic diabetes care is often not well delivered in hospital. An
analysis of 44 US hospitals revealed persistent shortcomings in
diabetes management, including persistent excessive hyperglyc-
emia [39]. The hospital environment is one that is characterized
by instability and unpredictability for the patient. It is a major
contributor to the difficulty of managing inpatient diabetes well.
Intercurrent illness, in-hospital changes to a patient’s usual out-
patient regimen, and the scheduling and unpredictability of tests
and procedures contribute to glycemic instability [40]. A patient’s
dietary intake may also be erratic, because of poor appetite, palat-
ability of food or timeliness of delivery.

Staff training challenges

In the UK, qualified staff numbers have been reduced to a
minimum and ward staff have little or no protected time for
education and training other than mandatory training (fire,
manual handling, back care, infection control) defined by the
employing organization. Despite the large numbers of patients
with diabetes in hospital, the only mandatory training in diabetes
is in blood glucose monitoring. People with diabetes, who gener-

518

Box 32.1 Defining adverse events and medical errors

Adverse events are described as: An unintentional injury caused
by medical management rather than the underlying disease or
condition of the patient. This can include physical or emotional
harm [61]

Medical errors are described as: The failure to complete a
planned action as intended or the use of a wrong plan to
achieve an aim [61]

ally have a high level of knowledge about their condition, are
therefore often being managed by nursing and medical staff with
only a rudimentary training in diabetes care [41].

Insulin prescribing and delivery errors

Insulin treatment in hospital can be life-saving. It also has the
potential to be life-threatening given its narrow therapeutic
index. The prescribing of insulin is a minefield of ignorance and
error. Insulin has been identified as one of the top five high-risk
medications in the inpatient environment [42,43]. There is a
wealth of material, predominantly from the USA and the UK,
describing both medical errors and adverse events in the general
inpatient population (Box 32.1). Medical errors, including those
related to insulin treatment, are described as common in hospi-
tals worldwide [44,45]. Insulin medication errors can occur at
any stage in the process of prescribing, preparing and delivering
the medication to the patient [46]. The potential consequences
of error can be catastrophic. One-third of all inpatient medical
errors that cause death within 48 hours of the error involve
insulin administration [47].

Medical prescribing

A common recommendation emerging in both diabetes manage-
ment and prescribing errors has been the need for appropriate
medical staff education in diabetes and insulin treatment.
Hellman [47] suggests that endocrinologists take on this role and
maintain that junior doctors should be taught the principles of
drug dosage and prescription writing before starting their ward
placements. A report from the National Patient Safety Agency
2007 [49] devotes one entire page to insulin errors and advocates
changes to pre-registration training to incorporate the principles
and therapeutics of safe prescribing. The curriculum for junior
doctors has been revised in recent years and new models of edu-
cation have been implemented yet this has not reduced insulin
prescribing errors in junior hospital doctors and therefore the
process merits review.

Non-medical prescribing

In the UK, legislation for nurse prescribing, now known as non-
medical prescribing, was implemented in 2003. The editorial by
Aronson et al. [50] compared medical student training (approxi-
mately 61 hours) to that of nurse prescribers (162 hours of theory



In-Hospital Treatment and Surgery in Patients with Diabetes Chapter 32

and 90 hours in practice). The authors called for the adoption of
the British Pharmacological Society’s prescribing and assessment
processes to be applied for doctors in training in the teaching of
diabetes and insulin treatment. Aronson also called for the for-
mation of an independent systematic review of medical prescrib-
ing and teaching by a multi-organizational body in order to
inform practice. This process has yet to be implemented but if
introduced could form the basis for training in diabetes medi-
cines management.

Delivering effective diabetes care: the role of
diabetes inpatient team

Diabetes inpatient teams are multidisciplinary; the health care
professionals involved individually contribute specialist skills and
together provide a holistic approach to patient care. As well as
operating as a discreet unit, the team works closely with other
medical specialities including the specialist diabetic foot team.
The defined roles forming the diabetes specialist inpatient team
include the following.

The Patient

Central to the diabetes team is the patient. The majority of people
living with diabetes have developed highly competent and indi-
vidualized management skills, therefore it is essential, where pos-
sible, that the patient is encouraged to participate in the
formulation and conduct of their own care plan while in the ward
setting.

Consultant physician

The primary role of the consultant physician is as leader of the
multidisciplinary team. The consultant physician has ultimate
responsibility for the clinical care of diabetes inpatients. They
work closely to provide clinical support to diabetes specialist
nurses (DSNs) and certified diabetes educators (CDEs), while
being heavily involved in the training and education of other
diabetes and non-diabetes health care professionals. With the
need to maintain standards of care and update clinical guidelines,
physicians are also frequently involved in audit and research work
in order to ensure the highest quality of diabetes care for inpa-
tients with diabetes.

Certified Diabetes Educator

In 2009, the Association of Diabetes Educators published a posi-
tion statement, which emphasized the key role of CDEs in patient
and staff education, the promotion and implementation of glyc-
emic control strategies and appropriate nutritional therapies. In
close partnership with social work, case managers and home care
coordinators, they are able to facilitate a smooth patient pathway
from hospital to home at discharge.

Diabetes specialist nurse
The work of DSNGs is exclusively in diabetes care. In 2009, there
were 1361 DSNs in the UK working in primary and/or secondary

care settings. DSNs deliver patient-centered care wherever
required and influence care delivery at every stage of the patient
journey, including inpatient care. The role of the DISN has
evolved in recent times and specifically focuses on supporting
inpatients and the ward staff caring for them. Aside from clinical
care, DISNs are frequently involved in medical and nursing edu-
cation and also in guideline production and update. Not only
can DISNs significantly reduce inpatient length of stay [36,37],
but if they also obtain non-medical prescribing skills, have also
been seen to reduce insulin and diabetes management errors
significantly [38].

Diabetes specialist dietitian
Diabetes specialist dietitians have a pivotal role in the care of
diabetic inpatients with complex nutritional needs, in particular
those patients who are unable to swallow or those required to
adhere to a complex dietary regimen as in renal failure, cystic
fibrosis and the elderly.

Other team members may include ward-based diabetes link
nurses and diabetes specialist pharmacists.

Which type of patient needs to be seen by the diabetes
specialist team?

The correct answer to this question is that all patients with
diabetes should have access to specialist diabetes services;
however, given that up to 20% of all inpatients now have diabetes
then in real world it is going to be almost impossible for specialist
team members to see every patient. Specialist teams therefore,
driven by need, have drawn up a priority list for which patients
should be referred for assessment. An example of one of these
referral criteria documents from Leicester, UK, is seen in
Table 32.2.

Management of in-hospital hyperglycemia

All hospitals should have a policy for glycemic management and
or blood glucose monitoring in place according to the ADA [28]
or the National Institute for Health, Innovation and Improvement
(NHSIII) standards of care. The newly introduced UK “Think
Glucose” campaign from the NHSIII has as its mantra, “It is as
unacceptable for hospitals not to have a glycemic management
policy as it is for them not to have an infection control policy”
[33].

Hyperglycemia in hospital is a common problem and occurs
in around 25% of all hospital inpatients. The majority of patients
with diabetes are not admitted to hospital to address and treat
complications associated with the disease. Control of blood
glucose often becomes secondary to the care of the primary diag-
nosis requiring admission. In patients without diabetes who
develop hyperglycemia during an acute illness, high glucose levels
are often ignored or treated inappropriately. Poor glycemic
control is common among inpatients with diabetes, particularly
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Table 32.2 Indications for referral to diabetes inpatient specialist nurses
(DISN). Adapted from University of Leicester Hospitals, UK.

Box 32.2 Indications for an intravenous insulin
infusion

Always refer Hyperglycemic emergencies (e.g. DKA, HHS)

Acute coronary syndromes

Severe or repeated hypoglycemia

New diagnosis of diabetes

Problems with intravenous insulin infusion
or duration >48 hours

Active foot ulceration

Reduced consciousness

Enteral or parenteral nutrition

Vomiting and sepsis

Patient request

Persisitent hyperglycemia

Pregnancy

Educational needs
Stress hyperglycemia
NBM >24hours
Poor wound healing

Consider refer

Rarely refer Minor hypoglycemia
Routine dietetic advice
Simple educational needs

Well-controlled and managed diabetes

DKA, diabetic ketoacidosis; HSS, hyperosmolar hyperglycemic syndrome;
NBM, nil by mouth.

in those treated with insulin, for many reasons. Poorly defined
management plans, poor coordination of care, overly high or
absent glycemic targets, lack of therapeutic adjustment, over uti-
lization of “sliding scales” which are often not adjusted to opti-
mize control and under-utilization of insulin infusions represent
some of the reasons for poor control of blood glucose. A further
important contributing factor has been the fear of provoking
hypoglycemia.

Intravenous insulin to treat in-hospital hyperglycemia
Insulin provides the greatest flexibility in the hospital setting to
achieve optimal blood glucose control. As protocols for tight
glucose control are introduced in a variety of hospital settings it
will be essential to implement safeguards to minimize the risk of
hypoglycemia and ensure patient safety. The systemic problems
that create obstacles to appropriate and safe care of patients
receiving insulin in hospital are well recognized [45]. Insulin
administration errors could be minimized and clinical outcomes
improved by thorough analysis of the setting, additional training
for ward staff, setting of goals focused on patient safety, double
checking of insulin prescription and administration and regular
audit of adverse incidents.

Indications for an intravenous insulin infusion

Whether the patient has previously recognized diabetes or not,
insulin provides the greatest flexibility to meet rapidly changing

520

To treat critical care illness

Acute coronary syndromes

Postoperative periods following heart surgery

Patients on “nil by mouth” status

Type 1 diabetes

General preoperative, intra-operative and postoperative care

Organ transplantation

Stroke

Hyperglycemia during high-dose corticosteroid therapy

Labor and delivery

Other acute illness for which prompt glycemic control is
judged important to recovery such as prevention or treatment
of infection

Diabetes emergencies such as diabetic ketoacidosis or
hyperosmolar hyperglycemic syndrome

requirements in different hospital settings to achieve optimal
blood glucose control. Intravenous infusion of insulin is the only
insulin treatment strategy specifically developed for use in the
hospital setting. The American College of Endocrinologists
advised that intravenous insulin infusion should be used to
control glycemia in certain indications (Box 32.2).

Insulin infusion protocols

The ideal insulin protocol should be safe, understandable, easily
ordered and implemented. It should be effective in correcting
hyperglycemia quickly and in maintaining glucose levels within
a defined target range. The provision of an algorithm for making
incremental changes to the infusion rate, which can be executed
by nursing staff, is likely to improve the efficacy of the protocol.
Hypoglycemia is a potential complication of intensified insulin
therapy and is associated with poor outcomes. It is for this reason
that intravenous insulin infusions should be supported by caloric
input. In most patients this is in the form of a simultaneous infu-
sion of dextrose but calories can be provided by other routes (e.g.
enteral, parenteral or in a diasylate). If hypoglycemia develops
despite adequate provision of calories then the patient should be
treated promptly for hypoglycemia according to local protocol
and the insulin infusion adjusted accordingly.

Successful implementation of an insulin infusion protocol is
best achieved with the appointment of a champion to lead the
multidisciplinary team. The protocol should be submitted to a
medicines advisory or therapeutics committee and implemented
with a widespread educational program to include medical,
nursing and pharmacy staff. Adherence to a standard protocol is
likely to reduce adverse events for patients and limit medical
errors in insulin prescribing.
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Table 32.3 Insulin infusion table adapted from Oxford Radcliffe NHS Trust, UK.

Blood glucose (mmol/L) Insulin infusion rate (unit/hour)

Rate C Rate D Tailored rate

Rate A Rate B
0-4.0 0 and treat hypo 0 and treat hypo
4.1-6.0 1 1
6.1-8.0 2 3
8.1-10.0 3 4
>10.1 4 6

>10mmol/L

If blood glucose remains >10.1 for 4 hours move to the next infusion rate (e.g. A to B)

0 and treat hypo
2

0 and treat hypo 0 and treat hypo

o 0 Ul W

4
6
8

Prescriptions should include the signature, bleep and date as well as the time and date infusion started

Box 32.3 AACE/ADA recommendations for
in-hospital glycemic control

Box 32.4 Converting patients to subcutaneous
insulin

A target of 140-180 mg/dL (7.8—-10.0 mmol/L) is preferable in
most patients

A target of 110-140 mg/dL (6.1-7.8 mmol/L) may be appropri-
ate in selected patients

A target of >180mg/dL (10 mmol/L) or <110 mg/dL
(6.1 mmol/L) is not recommended

Preparation and delivery of an insulin infusion

The insulin infusion is prepared by adding 50 units of soluble
insulin to 49.5mL normal saline, which will provide 1 unit of
insulin in 1 mL saline, which is delivered via an infusion pump.
This insulin infusion can be piggy-backed into the infusion of
dextrose using a three-way connector and a non-return valve. All
patients should commence on algorithm A and uptitrate to
achieve target glucose range (Table 32.3).

Targets for glycemic control

The AACE/ADA has recently set new targets for the management
of hyperglycemia in hospital (Box 32.3) [62]. The recommenda-
tion is that once intravenous insulin has been commenced the
blood glucose level should be maintained at 140-180 mg/dL (7.8—
10 mmol/L) with greater benefit possibly realized at the lower end
of the target. There is recognition that lower targets may be ben-
eficial in specified groups but there is insufficient evidence to
make firm recommendations. It is recommended that target
glucose should not fall below a level of 110 mg/dL (6.1 mmol/L).
Where lower targets are being used, patients should be treated in
sites with extensive experience and appropriate support such as
areas caring for coronary artery bypass graft patients, sites with
low rates of hypoglycemia, patients on total parenteral nutrition
and those in ITUs.

Transition from intravenous to subcutaneous insulin
Conversion to subcutaneous insulin should be delayed until
patients are able to eat and drink normally without nausea or

(a) Estimation of insulin dose for a patient being converted from an
intravenous insulin infusion

o Calculate average hourly insulin dose by totaling the last 6 hours’
doses on the chart and dividing by 6 (e.g. 15 units divide by
6 = 2.5units/hour. Multiply by factor of 20 to get the total daily dose
(TDD) insulin (e.g. 50 units)

e For a basal:bolus insulin regimen, divide 50:50 basal:bolus (e.g. 25
units as basal; 25 units as bolus. Give 25 units as a basal insulin (e.g.
Lantus). Divide total bolus dose by three to get bolus for each meal
(e.g. 8 units short-acting insulin, e.g. Novorapid)

o For a twice daily fixed mixture regime divide 60:40 morning:evening
(e.g. Humalog Mix 25, Novomix 30). Give 36 units am; 14 units pm

(b) Estimation of insulin dose when no insulin infusion has been
used
Calculate the total daily insulin dose insulin according to diabetes type
e Known type 2 diabetes 0.5-0.7 unit/kg
e Known type 1 diabetes 0.3-0.5unit/kg
e Unsure 0.3-0.5unit/kg
o Divide insulin 50:50 for basal bolus regime (see above)
o Divide 60:40 for twice daily mixed insulin (see above)

emesis. The most appropriate time to switch from IV to subcu-
taneous insulin is at the usual time of the patient’s insulin admin-
istration, before a meal. Patients with known type 1 diabetes will
become insulin deficient within minutes of the IV infusion being
stopped because of the short half-life of IV insulin. It is therefore
good practice to continue the infusion of insulin for 1 hour after
the subcutaneous insulin has been administered to allow time for
the insulin to be absorbed.

If the patient has been on an established insulin regimen, then
this regimen should be restarted, but doses may have to be
adjusted depending on the patient’s clinical condition. If the
patient is new to insulin therapy, then a rough estimation of the
total daily dose (TDD) of insulin can be made from a simple
calculation using the hourly rates delivered in the IV insulin infu-
sion (Box 32.4a). Estimation of insulin doses can also be made
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Table 32.4 Causes of in-hospital hypoglycemia.

Cause of in-hospital hypoglycemia Example

Primary reason for hospital stay

Inappropriate food administration

Errors of insulin prescription or
administration

Inappropriate use of “stat” insulin
doses

Inappropriate use of sulfonylureas or
interactions with other prescribed
medication

Inappropriately timed diabetes
medication for meal/enteral feed

Use of unopposed intravenous insulin
therapy

Mobilization after acute illness

Medical causes: hepatic failure,
cardiogenic shock, severe sepsis
Surgical causes: nil by mouth for
operation or procedure
Change of meal times, missed
meals, poor access to snacks
Poorly written medication charts
(e.g. writing of “U" instead of
units) so that 4U becomes 40
units, poor injection technique
Corrective dosing of insulin
prescribed by untrained staff
Long-acting hypoglycemic agents
should be avoided in hospital

Food and insulin or oral
hypoglycemic agents mismatch

Dextrose infusion should be
prescribed concurrently

Insulin requirements may decrease

with exercise

according to body weight, which is useful in calculating TDD in
patients who are new to insulin but have not required an insulin
infusion (Box 32.4b).

Avoiding and treating in-hospital hypoglycemia

There is an increasing body of evidence supporting the widespread
occurrence of hypoglycemia in hospitals and poor knowledge of
how to detect and manage it. Acute hypoglycemia is associated
with significant morbidity and more rarely mortality as it causes
an intense hemodynamic response that can lead to potentially fatal
cardiac arrhythmias, myocardial ischemia, cerebrovascular acci-
dents, coma and death. In-hospital hypoglycemia is defined as a
blood glucose level equal or below 72 mg/dL (4.0 mmol/L).

Causes of in-hospital hypoglycemia

There are many reasons why hypoglycemia is more likely to be
to occur during hospitalization but most of these relate to insulin
administration and prescribing errors and inappropriate food
administration (Table 32.4).

Management of in-hospital hypoglycemia

In 2005, Tomky et al. [51] gave a clear overview of the topic in
their article. 2006 saw the introduction of Hypoboxes™ for the
management of hypoglycemia in the UK [52]. These boxes are
often in a prominent place (e.g. on resuscitation trolleys) and are
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brightly colored for instant recognition. They contain all the
equipment required to treat hypoglycemia, from cartons of fruit
juice to intravenous 20% glucose. There are general guidelines for
the treatment of in-hospital hypoglycemia and these should be
available in each ward and outpatient setting; however, each
patient developing in-hospital hypoglycemia should be assessed
as an individual and diabetes teams should agree local guidance
for self-management. Certain conditions such as renal impair-
ment or heart failure may require tailored treatment to avoid
fluid overload. Many people with diabetes carry their own treat-
ment supplies for hypoglycemic events and should be supported
to self-manage when capable and appropriate. This information
regarding capacity to self-manage should be recorded in the
patient notes at the time of the admission assessment.

If the patient is not capable and/or uncooperative but is able
to swallow, give either 1.5-2 tubes GlucoGel™ squeezed into the
mouth between the teeth and gums or, if this is ineffective, give
1 mg glucagon intramuscularly (Figure 32.1). Monitor the blood
glucose levels after 15 minutes. If the blood glucose levels are still
less than 4mmol/L, GlucoGel treatment can be repeated up to
three times. If the hypoglycemia does not resolve at this stage, IV
10% glucose infusion at 100 mL/hour should be considered. Once
the blood glucose is above 4mmol/L and patient has recovered,
a long-acting carbohydrate snack should be offered.

In adults who are unconscious with or without seizure
activity and/or very aggressive, the patient’s airway, breathing
and circulation should be assessed, any insulin infusion in situ
should be discontinued and a medical practitioner summoned.
At this stage any of the following treatments can be considered
for use.

Treatments such as 15-20g quick-acting carbohydrate (e.g.
50—-60 mL of Ensure Plus juice or Fortijuice 25 mL original or 3—4
heaped teaspoons sugar dissolved in water) can be administered
via a feed tube. The capillary blood glucose measurement should
be repeated 5-10 minutes later. If blood glucose is still less than
4mmol/L, repeat this step up to three times. If the hypoglycemia
is still not resolved after 15 minutes or three cycles, IV 10%
glucose infusion at 100 mL/hour can be considered as a treatment
option. Once the blood glucose is above 4mmol/L and patient
has recovered, a long-acting carbohydrate such as 200 mL milk
(not soya) can be given and the feed. Insulin should not be
omitted and regular continued capillary blood glucose level
monitoring should be recorded for 24-48 hours.

Prevention of recurrent in-hospital hypoglycemia

When hypoglycemia has been successfully treated it is important
that the reason for hypoglycemia is ascertained and the treatment
documented in the patient notes. If the hypoglycemic episode was
severe or a recurrent event, or if patient has concerns regarding
treatment of further recurrence of hypoglycemia and its treat-
ment, then referral should be made to the CDE, DISN or special-
ist medical team. Measures such as medication adjustment or
timing of meals should be introduced to prevent further episodes
of hypoglycemia.
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Mild

Moderate

Severe

Patient conscious, orientated and
able to swallow.

Patient conscious but
confused/disorientated or
aggressive and able to swallow.

Patient unconscious/fitting or very
aggressive or nil by mouth (NBM)

|

|

|

Give 15-20 g of quick acting
carbohydrate. Test blood glucose level

If capable and cooperative, Give 15-20 g of
quick acting carbohydrate. Test blood glucose
level after 15 minutes.

Check ABC, Stop any IV insulin, fast
bleep a doctor

after 15 minutes. If still less than 4 mmol/l
repeat up to 3 times

If this has been repeated 3 times, consider
IV glucose or 1 mg Glucagon IM

If not capable and cooperative but able to
swallow give either 1.5-2 tubes of
GlucoGel or give Tmg Glucagon IM.

Test blood glucose level after 15 minutes. If still times
less than 4 mmol/L give 15-20 g quick acting
carbohydrate. Continue to test every 15 mins

and repeat up to 3 times if still less than
4 mmol/L

If this has been repeated 3 times, consider IV

If patient suitable for IM Glucagon (i.e.
no repeated hypos, patient not
starved/NBM and no severe hepatic
disease) give 1 mg Glucagon IM. If not
give IV glucose and repeat up to 3

U

3

For enteral feeding patients ONLY

Blood glucose level should now be above 4 mmol/L. Give 20 g of long acting carbohydrate
eg 2 biscuits or a slice of bread or next meal if due. If IM Glucagon has been used give 40 g
of long acting carbohydrate in order to replenish glucogen stores.

Give 200 mls milk (not soya) or restart feed or give IV 10% glucose at 100 ml/hr

Recheck glucose level after 15 minutes it
should now be above 4 mmol/L. Follow up
treatment as described on the left.

If NBM give 10% glucose infusion at
100 ml/hr until no longer NBM or
reviewed by doctor

DO NOT OMIT SUBSQUENT DOSES OF INSULIN, CONTINUE REGULAR CAPILLARY BG MONITORING FOR 24 TO 48 HOURS AND GIVE
HYPO EDUCATION OR REFER TO DISN FOR ADVICE

Figure 32.1 Algorithm for the treatment and management of hypoglycemia in adults with diabetes mellitus in hospital. Hypoglycemia is defined as blood glucose of
<4mmol/L (if not <4 mmol/L but symptomatic, give a small carbohydrate snack for symptom relief). ABC, Airway, Breathing and Circulation; DISN, diabetes inpatient

specialist nurse; IM, intramuscularly; 1V, intravenously; NBM, nil by mouth.

Surgery in patients with diabetes

Patients with diabetes have poorer health than those without
diabetes so this means they are more likely to undergo surgery.
It is estimated that 50% of those with diabetes will require surgery
in their lifetime. Diabetes is associated with increased risk of
perioperative infection and postoperative cardiovascular morbid-
ity and mortality. The complex interplay of the operative proce-
dure, anesthesia, fasting and additional postoperative factors such
as artificial feeding and emesis all contribute to labile glycemic
control in the perioperative period.

Metabolic response to surgery
Surgery and anesthesia causes a state of relative insulin hypose-
cretion and insulin resistance. It induces a complex series of

hormonal and metabolic changes [53,54]. The secretion of the
counter-regulatory or “stress” hormones, particularly cortisol
and catecholamines, is greatly increased, and this can lead to an
acute decrease in insulin sensitivity [54,55]. Enhanced sympa-
thetic activity, together with raised circulating catecholamine
concentrations, tends to inhibit insulin secretion. The net result
of these changes is to push metabolism towards catabolism,
leading to increased hepatic glucose production and hyperglyc-
emia and enhanced breakdown of protein and fat. The magnitude
of the counter-regulatory response varies in each individual and
is greater with prolonged surgery and other factors such as post-
operative sepsis.

Preoperative evaluation
Nowadays, most patients are admitted on the same day as sched-

uled surgery. Pre-assessment planning in diabetes can prevent
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Table 32.5 Goldmann risk index [56].

Table 32.6 Surgery-specific risk.

Risk Patient characteristics Preoperative investigation Procedure
Low <60 years old No further investigation necessary Low Peripheral and laparoscopic procedures
No history of Medium Orthopedic and prostatic operations
cardiopulmonary disease High Major abdominal and thoracic operations, particularly

Non-specific ECG changes

Medium  All patients >60 years old
Stable angina or previous MI
Compensated heart failure

Determine functional capacity
using ECG, exercise stress test
(has a predictive value of 81%
detection of multivessel disease)

High Acute coronary syndromes
Decompensated heart failure
Supraventricular arrhythmias
Known COPD

Consider preoperative coronary
angiography

COPD, chronic obstructive pulmonary disease; ECG, electrocardiogram;
MI, myocardial infarction.

unnecessary cancellation of surgery, give opportunities for joint
care planning with the person with diabetes and enables optimi-
zation of glycemic control prior to surgery which can reduce
length of stay, medication errors and improve the patient
experience.

Assessing cardiac risk

Careful assessment of patients with diabetes is required because
of their complexity and high risk of coronary heart disease, which
is sometimes asymptomatic. It is therefore vital that all patients
with diabetes attending for surgery have a robust risk assessment
with particular focus on cardiopulmonary risk. In the assessment
of risk for elective procedures one must one must consider the
risk associated with the procedure itself in addition to the indi-
vidual patient risk associated with pre-existing co-morbidities.
Those at highest risk are those in whom there is significant car-
diorespiratory pathology. There are several cardiac risk stratifica-
tion indexes in the literature but essentially all use clinical
variables that allow patients to be classified as low, intermediate
or high risk of a major cardiac event during or after surgery.
The Goldmann cardiac risk index [56] is widely used in clinical
practice (Table 32.5).

Assessing surgical risk

The American College of Cardiology/American Heart Association
guidelines introduce the concept of “surgery-specific risk.” Risk
stratification is based on the degree of hemodynamic stress asso-
ciated with specific procedures [57]. Table 32.6 summarizes the
risk associated with various types of surgery.

Physical assessment

All patients require a careful history and physical examination.
Key aspects of this should include assessment of glycemic control,
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major vascular surgery and ones where there are
anticipated major fluid or blood loss

long-term complications, occurrence of hypoglycemia and its
frequency, and the patient’s awareness and knowledge of all drug
therapy. Patients should be given written information about
changes in diabetes-specific and other medication in the days
leading up to surgery.

Laboratory assessment

Basic investigations should include HbA,, as there is a suggestion
that elevated levels over 7% (>53 mmol/mol) are associated with
higher risks of postoperative infections [58].

There is good evidence that effective pre-assessment of people
with diabetes will enable a safe and effective discharge from hos-
pital. In Bolton, UK, a DSN has implemented a patient pathway
from pre-assessment to discharge. This pathway includes assess-
ment, optimization of glycemic control, the writing up of an
insulin infusion scale preoperatively and the implementation of
planning for routine diabetes care postoperatively. This work has
resulted in significant improvement in reduced length of stay,
medication errors and positive patient experience [59].

During the course of the pre-assessment visit each patient
should undergo an explanation of the procedure and the planned
anesthesia. The diabetes management plan should be discussed,
thus enabling the patient to make an informed decision around
the diabetes care to be offered. Further appointments should be
offered if optimization of glycemic control is required. All infor-
mation should be supported with appropriate literature. All rec-
ommendations for treatment should be written in the patient’s
notes and in a handheld record kept by the patient.

Same-day admissions and specific preparations

High-risk patients are not suitable for same-day admission and
should be admitted the day before surgery for assessment and
optimization of glycemic control. There is evidence that elevated
preoperative glucose levels >200 mg/dL (11 mmol/L) were associ-
ated with deep wound infections in a case—control study.

On the day of admission the patient’s notes including the dia-
betes management plan should be available to all staff caring for
that individual. All guidelines pertaining to the plan of care
should be in place and accessible for staff. If the blood glucose is
unacceptably high on the day of admission, plans should be in
place for rapid optimization of glycemic control including the use
of an intravenous infusion of insulin.
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Table 32.7 Instructions for diabetes management on day of minor or
intermediate surgery. Adapted from Nottingham University Trust, UK.

Morning list  Day before: normal food and medication. NBM from 02.00

Day of surgery: fast from 02.00

On tablets: omit diabetes tablets

On insulin: omit any short-acting insulin, withhold insulin
mixtures

Give stat dose of isophane insulin, give 75% total daily dose
if on once day insulin and 50% TDD if on twice daily
insulin

Continue long-acting analogs (Lantus, Levemir) at full dose

Postoperative: lunch and normal insulin or tablets

Afternoon list  Day of surgery: light breakfast, fast from 08.00
On tablets: take diabetes tablets
On insulin: take 50% normal insulin dose
Continue long-acting analogs (Lantus, Levemir) at full dose
Postoperative: late lunch and normal insulin or tablets

NBM, nil by mouth; TDD, total daily dose.

Individual intra-operative diabetes care treatment plan
Management of the individual patient is determined by the
following:

* Severity and nature of surgery (major or minor surgery)

* Duration of perioperative fast

* Timing of surgery

* Pre-existing diabetes treatment

Major surgery (prolonged fast >6 hours)
All patients with diabetes undergoing major surgery should have
a dextrose and insulin infusion.

Minor surgery (short fast <6 hours)
Table 32.7 shows an example of the various treatment options for
patients being admitted for minor surgery.

Goals of glycemic management

The goals of perioperative diabetes care are avoidance of marked
hyperglycemia and of hypoglycemia. Patients with type 1 diabetes
have no endogenous insulin and will therefore require exogenous
insulin to prevent the development of severe hyperglycemia and
subsequent life-threatening complications such as diabetic
ketoacidosis. Such patients will also need a continuous supply of
glucose of 5-10 g/hour to prevent hypoglycemia.

It is not clear how “tight” glucose control needs to be during
surgery. There are a paucity of clinical trials to inform clinical
practice in the surgical arena with the exception of cardiac surgery
where there is evidence that good control, defined as BG 80—
110 mg/dL (4.4-6.1 mmol/L), may reduce mortality.

The lack of clear evidence on glycemic specific targets is
reflected in the varying glucose targets recommended by national
guidelines [24,27,28]. It would seem reasonable therefore to
advise treatment regimens to aim for as near normal glycemia
with avoidance of hypoglycemia (80mg/dL, 4 mmol/L). This

range seems to be a safe and practicable target during the periop-
erative period.

Intra-operative management of glycemia

Use of an IV insulin infusion to control glycemia has the advan-
tage of easy titration to the glucose level because of the short half-
life of IV insulin. Its safety has been demonstrated in many studies
and is therefore the treatment of choice during surgery. The infu-
sion requires close monitoring of blood glucose and potassium as
well as appropriate interpretation by well-trained staff.

Types of intravenous insulin infusion

No type of insulin infusion used during surgery has been shown
to be superior in either safety or effectiveness in achieving glucose
control. The fixed rate insulin infusion and the intermittent bolus
regimens have failed to gain popularity and are little used in clini-
cal practice and are therefore not discussed further.

Variable rate separate insulin and glucose

intravenous infusions

In this commonly used regimen, intravenous dextrose is infused
at a rate of 5-10g/hour and a separate insulin infusion is given.
The rate varies depending on the procedure and the level of
insulin resistance. Following coronary artery bypass graft opera-
tions, insulin requirements may increase 10-fold [38]. Glucose
should be measured hourly and electrolytes every 4 hours.

Glucose insulin potassium infusion

The glucose, insulin and potassium infusion is a single solution
infusion comprising 500 mL 5% dextrose, 10 mmol/L potassium
chloride and 15 units of soluble insulin. This is infused at a rate
of 100mL/hour. Glucose is usually measured 2-hourly and the
insulin content of the infusion can be changed if necessary. This
method has the disadvantage of inflexibility and wastefulness as
the entire infusion has to be discarded and replaced if insulin
requirements change.

Postoperative care and discharge

For those undergoing minor surgery characterized by a short fast,
generally the preoperative diabetes treatment can be reinstated at
an early stage once the patient is eating well. For those undergo-
ing major surgery, particularly abdominal surgery where there
may be several days of fasting, then it is better to keep these
patients on IV insulin infusion with appropriate fluid replace-
ment. The IV fluid regimen should consist of replacement crystal-
loid, a minimum of 2L/day (normal saline, Hartmann solution,
Ringer lactate) and a supply of substrate (e.g. 100 mL/hour 5%
dextrose) to prevent onset of catabolism. Conversion to normal
therapy, whether insulin or oral hypoglycemic therapy, should
occur when the patient is eating and drinking and free from
nausea and emesis.

For patients with prolonged periods of nil by mouth or who
are severely unwell or malnourished, hyperalimentation may be
introduced. In these circumstances, insulin requirements may
increase considerably and so these patients are better managed
on high dose IV insulin with the support of the specialist diabetes
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team. Hospitals should have protocols in place to support this
practice.

Conclusions

Patients with diabetes are twice as likely to be admitted to hospital
and stay twice as long as those without diabetes. They have worse
outcomes and a poorer patient experience than those without
diabetes. Diabetes inpatient care and training has become the
Cinderella area of diabetes care delivery despite the setting of
clinical standards by several professional bodies. Although there
is now a wealth of evidence that specialist inpatient diabetes
teams reduce length of stay, reduce errors in prescribing, improve
the patient experience and clinical outcomes, many hospitals
across the world still lack inpatient specialist teams.

Patients voices are being raised in anger against this imbalance
in care delivery. Providers of care need to listen to patients and
professionals and ensure the delivery of a high quality inpatient
service to include appropriate medical and nursing staff training,
an equitable access to specialist services across the board, and an
active partnership with patients to deliver a comprehensive range
of services. Systems need to be in place to enable patients to self-
manage where it is clinically appropriate. If standards are to be
improved there needs to be agreed national targets and key per-
formance indicators for diabetes inpatient care for which health
care providers should be held accountable.

Acknowledgment

The authors thank Dr. Rif Malik for his contribution to this
chapter.

References

—

International Diabetes Federation. Diabetes Facts and Figures.
Available from: http//www.diabetesatlas.org/content/diabetes-and-
impaired-glucose-tolerance. Accessed on 8 January, 2010.

Cowie CC, Rust KF, Byrd-Holt DD, Eberhardt MS, Flegal KM,
Engelgau MM, et al. Prevalence of diabetes and impaired fasting
glucose in adults in the US population: National Health and Nutrition
Examination Survey 1999-2002. Diabetes Care 2006; 29:1263—1268.
National Diabetes Support team. Improving emergency and inpatient
care for diabetes 2008. Available from: http://www.diabetes.nhs.uk/
document.php?0=324. Accessed on 18 January, 2010.

4 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;
87:978-982.

Yendamuri S, Fulda GJ, Tinkoff GH. Admission hyperglycemia as a
prognostic indicator in trauma. J Trauma 2003; 55:33-38.

6 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; 32:2426-2432.

[3S)

w

wu

526

~

oo

=)

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Golden S, Peart-Vigilance C, Kao WH, Brancati FL. Perioperative
glycemic control and risk of infectious complications in a cohort of
adult with diabetes. Diabetes Care 1999; 22:1408—1414.

Pomposelli JJ, Baxter JK, Babineau TJ, Pomfret EA, Driscoll DF, Forse
RA, et al. Early postoperative glucose control predicts nosocomial
infection rate in diabetic patients. ] Parenter Enteral Nutr 1998;
22:77-81.

McAlister FA, Majumdar SR, Blitz S, Rowe BH, Romney J, Marrie TJ.
The relation between hyperglycemia and outcomes in 2,471 patients
admitted to the hospital with community-acquired pneumonia.
Diabetes Care 2005; 28:810-815.

Moghissi ES, Korytkowski MT, DiNardo M, Einhorn D, Hellman R,
Hirsch IB, et al. ACCE/ADA Consensus Statement on inpatient
glycaemia control. Diabetes Care 2009; 32:1119-1131.

Capes SE, Hunt D, Malmberg K, Gerstein HC. Stress hyperglycemia
and increased risk of death after myocardial infarction in patients
with and without diabetes: a systematic overview. Lancet 2000;
355:773-778.

Malmberg K, for the DIGAMI Study Group. Prospective randomised
study of intensive insulin treatment on long term survival after acute
myocardial infarction in patients with diabetes mellitus. Br Med |
1997; 314:1512-1515.

Malmberg K, Ryden L, Wedel H, and the DIGAMI 2 Investigators.
Intense metabolic control by means of insulin in patients with diabe-
tes mellitus and acute myocardial infarction (DIGAMI 2): effects on
mortality and morbidity. Eur Heart ] 2005; 26:650-661.

Mehta SR, Yusuf S. Effect of glucose-insulin-potassium infusion on
mortality in patients with acute ST-segment elevation myocardial
infarction: the CREATE-ECLA randomized controlled trial. JAMA
2005; 293:437-446.

Weston C, Walker L, Birkhead J. Early impact of insulin treatment
on mortality for hyperglycaemic patients without known diabetes
who present with an acute coronary syndrome. Heart 2007;
93:1542-1546.

Funary AP, Wu Y. Clinical effects of hyperglycaemia in the cardiac
surgery population: the Portland Diabetic Project. Endocr Pract 2006;
12(Suppl 3):22-26.

Van den Berge G, Wooters P, Weekers F, Verwaest C, Bruyninckx F,
Schetz M, et al. Intensive insulin therapy in critically ill patients. N
Engl ] Med 2001; 345:1359-1367.

Van den Berge G, Wilmer, Hermans G. Intensive insulin therapy in
the medical ICU. N Engl ] Med 2006; 354:449—461.

Griesdale DE, de Souza RJ, van Dam RM, Heyland DK, Cook DJ,
Malhotra A, et al. Intensive insulin therapy and mortality among
critically ill patients: a meta-analysis including NICE-SUGAR study
data. CMAJ 2009; 180:821-882.

Mesotten D, Van den Berghe G. Clinical potential of insulin therapy
in critically ill patients. Drugs 2003; 63:625—636.

Lewis KS, Kane-Gill SL, Bobek MB, Dasta JF. Intensive insulin therapy
for critically ill patients. Ann Pharmacother 2004; 38:1243-1251.
McMahon MM, Bistrian BR. Host defenses and susceptibility to
infection in patients with diabetes mellitus. Infect Dis Clin North Am
19955 9:1-9.

Montori VM, Bistrian BR, McMahon MM. Hyperglycemia in acutely
ill patients. JAMA 2002; 288:2167-2169.

Aljada A, Dandona P. Effect of insulin on human aortic endothelial
nitric oxide synthase. Metabolism 2000; 49:147-150.

International Diabetes Federation 2005. Clinical Guidelines Taskforce.
Global Guideline for type 2 Diabetes. Chapter 19: Inpatient care.



26

27

28

29

30

3

—

32
33

34

35

36

37

38

39

40

41

42

43

In-Hospital Treatment and Surgery in Patients with Diabetes Chapter 32

Available from: http://www.idf.org/Global_guideline. Accessed on 17
January, 2010.

Clement S, Braithwaite SS, Magee MF, Ahmann A, Smith EP, Schafer
RG, et al. American Diabetes Association Diabetes in Hospitals
Writing Committee. Management of diabetes and hyperglycemia in
hospitals. Diabetes Care 2004; 27:553-591.

Garber A, Moghissi E, et al. ACE/ADA Inpatient Diabetes and
Glycemic Control Consensus Statement. American College of
Endocrinology and American Diabetes Association Consensus state-
ment on inpatient diabetes and glycemic control: a call to action.
Diabetes Care 2006; 29:1955-1962.

American Diabetes Association. Standards of medical care in diabetes.
Diabetes Care 2009; 32(Suppl 1):S13-61.

Canadian Diabetes Association Clinical Practice Guidelines Expert
Committee. Canadian Diabetes Association 2003 clinical practice
guidelines for the prevention and management of diabetes in Canada.
Can ] Diabetes 2003; 27 (Suppl 2):S113-S116.

Department of Health. Department of Health Five years on: delivering the
diabetes National Service Framework 2008. Available from: http://www.
dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/@dh/@en/
documents/digitalasset/dh_087122.pdf. Accessed on 18 January, 2010.
National Diabetes Support Team. Improving emergency and
inpatient care for people with diabetes. 2008. Available from: www.
diabetes.nhs.uk/news-1/Inpatient care.pdf. Accessed on 18 January,
2010; and www.diabetes.nhs.uk/commissioning-resource. Accessed
on 19 March, 2010.

What care to expect in hospital. www.diabetes.org.uk.

National Institute of Innovation and Improvement. Delivering
quality and value and focus on: inpatient care for people
with diabetes. 2008. Available from: http://www.diabetes.nhs.uk/
news-1/focus-on-inpatient-care-for-people- with-diabetes-published-
by-the-nhs-institute-for-innovation-and-improvement/?searchterm
=inpatient. Accessed on 17 January, 2010.

Levetan CS, Salas JR, Wilets IF, Zumoff B. Impact of endocrine and
diabetes team consultation on hospital length of stay for patients with
diabetes. Am J Med 1995; 99:22-28.

Audit Commission. Audit Commission Testing times: a review of dia-
betes services in England and Wales 2000. Available from: http://www.
audit-commission.gov.uk/nationalstudies/health/primarycare/Pages/
testingtimes.aspx. Accessed on 18 January, 2010.

Cavan DA, Hamilton P, Everett ], Kerr D. Reducing hospital inpatient
length of stay for patients with diabetes. Diabet Med 2001; 18:162—164.
Davies M, Dixon S, Currie CJ, Davis RE, Peters JR. Evaluation of a
hospital diabetes specialist nursing service: a randomized controlled
trial. Diabet Med 2001; 18:301-307.

Courtenay M, Carey N, James J, Hills M, Roland J. An evaluation of
a diabetes specialist nurse prescriber on the system of delivering medi-
cines to patients with diabetes. J Clin Nurs 2008; 17:1635-1644.
Wexler DJ, Meigs JB, Cagliero E, Nathan D, Grant RW. Prevalence of
hyper- and hypoglycemia among inpatients with diabetes. Diabetes
Care 2007; 30:367-369.

Inzucchi SE. Management of hyperglycaemia in the hospital setting.
N Engl ] Med 2006: 355:1903-1911.

Lansang MC, Harrell H. Knowledge on inpatient diabetes among
fourth year medical students. Diabetes Care 2007; 30:1088—1091.
“High-alert” medications and patient safety. Int ] Qual Health Care
2001; 13:339-340.

Department of Health. Department of Health Building a Safer NHS.
Improving medication safety 2004. Available from: http://www.dh.gov.

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

uk/prod_consum_dh/groups/dh_digitalassets/@dh/@en/documents/
digitalasset/dh_4077110.pdf. Accessed on 18 January, 2010.
Kowiatek J, Skledar S, Potoski B. Insulin medication error reduction:
a quality improvement initiative. Hosp Pharm 2001; 36:639-644.
Clinical Resource Efficiency Support Team (CREST). Safe and effec-
tive use of insulin in secondary care: recommendations for treating
hyperglycaemia in adults. 2006. Available from: www.crestni.org.uk/
publications/insulin.pdf. Accessed on 17 January, 2010.

Metchick LN, Petit WA Jr, Inzucchi SE. Inpatient management of
diabetes management. Am J Med 2002; 113:317-323.

Hellman R. A systems approach to reducing errors in insulin therapy
in the inpatient setting. Endocr Pract 2004; 10:100-108.

Winterstein AG, Hatton RC, Gonzalez-Rothi R, Johns TE, Segal R.
Identifying clinically significant preventable adverse drug events
through a hospital’s database of adverse drug reaction reports. Am |
Health Syst Pharm 2002; 59:1742—-1749.

National Patient Safety Agency. Available from: http://www.
patientsafetyfirst.nhs.uk/Content.aspx?path=/interventions/
High-riskmedication. Accessed on 17 January, 2010.

Aronson JK, Henerson G, Webb DJ, Rawlins MD. A prescription for
better prescribing. Br Med J 2006; 333:459-460.

Tomky D. Detection, prevention, and treatment of hypoglycemia in
the hospital. Diabetes Spectrum 2005; 18:39—45.

Baker H, Horton A, Low P, ef al. “HYPOBOX”: a practical aid in the
management of hypoglycaemia in hospital. Diabet Med 2006; 23:P186.
Elliott MJ, Alberti KGMM. Carbohydrate metabolism: effects of pre-
operative starvation and trauma. Clin Anaesthesiol 1983; 1:527-550.
Frayn KN. Hormonal control of metabolism in trauma and sepsis.
Clin Endocrinol 1986; 24:577-599.

Nygren JO, Thorell A, Soop M, Efendic S, Brismar K, Karpe F, et al.
Perioperative insulin and glucose infusion maintains normal insulin
sensitivity after surgery. Am J Physiol 1998; 275:E140-E148.
Goldman L, Caldera DL, Nussbaum SR. Multifactorial index of
cardiac risk in noncardiac surgical procedures. N Engl ] Med 1977;
297:845-50.

Eagle KA, Brundage BH, Chaitman BR, Ewy GA, Fleisher LA, Hertzer
NR, et al. Guidelines for perioperative cardiovascular evaluation for
noncardiac surgery. Report of the American College of Cardiology/
American Heart Association Task Force on Practice Guidelines.
Committee on Perioperative Cardiovascular Evaluation for
Noncardiac Surgery. Circulation 1996; 93:1278-1317.

Pomposelli JJ, Baxter JK 3rd, Babineau TJ, Pomfret EA, Driscoll DF,
Forse RA, et al. Early postoperative glucose control predicts nosoco-
mial infection rate in diabetic patients. J Parenter Enteral Nutr 1998;
22:77-81.

Hilton L, Digner M. Developing a pathway of preoperative assessment
and care planning for people with diabetes. J Diabetes Nurs 2006;
10:89-94.

Diabetes UK. Collation of inpatient experiences 2007. Available from:
http://diabetes.org.uk/Professionals/Publications-reports-and-
resources/Reports-statistics-and-case-studies/reports/Collation-of-
inpatient-Experiences. Accessed on 19 January, 2010.

DelLisa JA. Physiatry:medical errors, patient safety, patient injury, and
quality of care. Am ] Physical Med Rehab 2004: 83(8); 575-83.
AACE/ADA. American Association of Clinical Endocrinologists and
American Diabetes Association Consensus statement on inpatient dia-
betes glycemic control 2009. Available from: http://www.aace.com/
pub/pdf/guidelines/InpatientGlycemicControlConsensusStatement.
pdf. Accessed on 18 January, 2010.

527



