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Hyperglycaemia in inpatients with type 2

national audit of NHS hospitals
Areported that approximately 15%
of inpatients have diabetes melli-
tus, with the majority of these admissions
being unrelated to diabetes (NHS
Diabetes, 2010). The added cost to the
NHS associated with the management of
diabetes in hospital is estimated to be
£573—686 million per year. People with
diabetes are more likely to be admitted
and have a longer average stay in hospital
(Kerr, 2011). Despite the added cost,
inpatient care for people with diabetes is
often suboptimal, including medication
errors, new complications (e.g. foot ulcers)
and lack of input from the diabetes team
(NHS Diabetes, 2010; Kerr, 2011).
Hyperglycaemia is commonly encoun-
tered among inpatients — this may occur in
patients with known diabetes, previously
undiagnosed diabetes or temporarily as
part of an acute illness, also known as
‘stress hyperglycaemia’. Pronounced hyper-
glycaemia is a predictor of poor hospital
outcomes including increased risk of post-
operative infections (Zerr et al, 1997) and
intensive care unit admissions, and is an
independent risk factor for higher mortal-
ity (Malmberg et al, 1999). In particular,
hyperglycaemia on admission in previous-
ly normoglycaemic patients with myocar-
dial infarction is associated with an
increased risk of in-hospital mortality
compared to those with established diabe-
tes (Capes et al, 2000).
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diabetes mellitus

It has been suggested that very tight
(blood glucose below 6.3 mmol/litre) or
reasonably tight glycaemic control (blood
glucose below 8.3 mmol/litre) using insu-
lin infusions might reduce inpatient mor-
bidity and mortality as well as health-care
costs. Various studies, mostly in intensive
care, have looked at strict (keep glucose
below 6.3 or 8.3 mmol/litre using insulin)
vs a more lenient approach (start insulin if
blood glucose exceeds 11.9 mmol/litre and
maintain between 10 and 11 mmol/litre)
to managing hospital hyperglycaemia.
This was shown first in surgical and then
in medical intensive care unit patients.

A subsequent meta-analysis of these tri-
als revealed that while there was an
improvement in the risk of sepsis, the risk
of hypoglycaemia was increased and no
mortality benefit could be demonstrated
(Wiener et al, 2008). A further clinical
trial comparing tight (4.5—-6 mmol/litre) vs
lenient (<10 mmol/litre) glycaemic control
in 6000 patients in critical care found that
tight glycaemic control led to an increased
risk of death (27.5% wvs 24.9%) (NICE
SUGAR Study Investigators, 2009). The
evidence for tight glycaemic control is
therefore limited, but treatment of very
high blood sugar levels remains important
to prevent osmotic symptoms, which typi-
cally arise when blood sugars exceed
11.9 mmol/litre (Mesotten and Van den
Berghe, 2012).

Pathophysiology
Hyperglycaemia in hospitalized patients is
multifactorial.

Stress and insulin resistance

The initial phase of the stress response in
acute illness such as trauma, burns, sepsis
and postoperatively results in a state of
transient hyperglycaemia. This is the result
of insulin resistance from increased secre-
tion of counter-regulatory hormones such
as cortisol, catecholamines, growth hor-
mone and cytokines (Dungan et al, 2009).
The effect of these mediators ultimately
leads to increased hepatic release and
reduced peripheral uptake of glucose.

Steroid-related insulin resistance
Corticosteroids cause hyperglycaemia
through a number of mechanisms, both
acutely and subacutely. At a skeletal mus-
cle level, where under normal circum-
stances 80% of postprandial glucose is
taken up, glucocorticoids impair insulin
receptor
uptake. Receptor signalling is impaired,

signalling-mediated glucose

and migration of the glucose transporter 4
to the cell surface is reduced. Moreover,
glycogen synthesis in myocytes is reduced.
Skeletal muscle protein degradation into
amino acids and glucocorticoid-mediated
lipolysis appears to indirectly play a role in
impairing insulin signalling (van Raalte et
al, 2009). In the liver, glucocorticoids
cause insulin resistance, endogenous glu-
cose production, and unfavourable chang-
es in lipid metabolism (van Raalte et al,
2009).

On a B-cell level, glucocorticoids impair
insulin secretion in the short term, which
explains why the peripheral insulin resist-
ance is not matched by an appropriate
insulin response (van Raalte et al, 2009).

Mechanism of hyperglycaemia-
related complications
Various mechanisms have been proposed
for the link between hyperglycaemia and
poor outcomes. Hyperglycaemia relates to
a state of relative insulin deficiency which
promotes fatty acid metabolism and this
response is exaggerated in acute illness
(Capes et al, 2000). Hyperglycaemia pro-
motes oxidative stress with the production
of reactive oxygen species, and stimulates a
pro-inflammatory state (Dungan et al,
2009). These inflammatory cytokines are
toxic to organs in acute illness, for example
exacerbating injury to an ischaemic myo-
cardium (Capes et al, 2000). The inflam-
matory state results in further hyperglycae-
mia with the release of counter-regulatory
hormones and ends in a vicious cycle.
Hyperglycaemia negatively affects
wound healing. In animal models, high
glucose suppresses the activity of runt-
related transcription factor 2, which pro-
motes wound healing by up-regulating
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endothelial cell migration, remodelling
processes and angiogenesis (D’Souza et al,
2009). Mouse models of diabetic ulcers
show impaired wound closure, but with
no real correlation between the severity of
hyperglycaemia and wound closure varia-

bility (Trousdale et al, 2009).

Assessing the patient

In acutely admitted patients, it is common
for the clinical team to focus on addressing
the patient’s admission problem, and to
relegate his/her diabetes management to
the background (Lleva and Inzucchi,
2011). This may be associated with the
fact that in most inpatient observation
systems, blood sugar charts are kept sepa-
rate from the general charts that are used
to document pulse, temperature, blood
pressure, respiratory rate and early warn-
ing score. As a result, it is very easy to miss
an opportunity to review blood glucose
charts in known diabetic inpatients (Lleva
and Inzucchi, 2011).

Frequently, the issue of a raised blood
sugar is only addressed when mentioned
briefly by a member of the nursing staff:
‘Doctor, this patient has a high blood
sugar, please review’. Often a junior doctor

may simply prescribe a dose of short-acting
insulin, only to be bleeped a few hours
later to hear the phrase: “The patient’s
blood sugar went down a bit, but it’s gone
up again’. Hyperglycaemic events are not
necessarily handed over to the patients
usual team, who might discover the prob-
lem only when reviewing the prescription
chart showing repeated doses of short-
acting insulin and glucose charts showing
peaks and troughs.

The first step of appropriate assessment
should be a bedside impression: is this
patient sick or well? Is the patient oriented
or confused, and are there signs of sepsis?
Could this be a hyperglycaemic hyperosmo-
lar state or diabetic ketoacidosis? The latter
is usually associated with type 1 diabetes,
but may occur in type 2 diabetics, particu-
larly in Afro-Caribbeans. Physical examina-
tion, including a fluid balance assessment,
may reveals signs of volume depletion. A
thorough look at the observation chart
including assessing the trends in daily blood
glucose readings is vital. Next, a review of
diabetic medications (Zzble 1), steroids,
nasogastric feeds and total parenteral nutri-
tion should be undertaken to assess the
compounding factors contributing to the

Table 1. Oral medications used to treat type 2 diabetes mellitus

hyperglycaemia (Zable 2). If supplementary
insulin has been given, the chart can give an
impression as to the requirements.

Bedside tests can provide key informa-
tion. A urine dipstick test can help assess
for ketosis. If the patient is unwell, or uri-
nary ketones are elevated, an arterial or
venous blood gas can be used to check for
acidaemia, and also give immediate electro-
lytes to allow calculation of the anion gap.
In an unwell patient, determination of the
renal function is important, particularly if
the patient is currently taking metformin
(which should be discontinued in those
with a significantly impaired renal function
or raised lactate levels).

Management

Various approaches have been taken to
manage inpatient hyperglycaemia. This
depends on the admission diagnosis and
the clinical setting, but also importantly on
whether the patient is stable or unstable,
and whether the oral intake is predictable.
Mild hyperglycaemia could be tolerated,
but it is widely accepted that blood sugar
levels persistently above 11.9 mmol/litre
(the renal threshold) should be addressed
(Mesotten and Van den Berghe, 2012).

Expected reduction

Drug closs Drug examples ~ Mechanism of action inHbA, (%)  Potential side effects
Biguanides Metformin Inhibit hepatic gluconeogenesis via activation of 1.5-2.0 Common: gastrointestinal upset including
AMP-activated protein kinase, decreases nausea, diarrhoea and decreased appetite.
gastrointestinal glucose uptake and increases Less common: lactic acidosis (risk factors
peripheral use of glucose include renal disease, cardiac disease,
hypoperfusion and old age)

Sulfonylureas Gliclozide, glipizide, Augments insulin secrefion via action on 0.8-2.0 Generally mild and infrequent but can include
glibencamide, ATP-dependent potassium channels on the gastrointestinal disturbance, hypoglycaemia
glimepiride, beta islet cells of the pancreas
tolbutamide

Alpha-glucosidase  Acarbose Inhibit alpha glucosidase in the brush border 0.7-1.0 Flatulence, abdominal distention and pain

inhibitors of the small intestine which results in inhibition

of digestion of starch and sucrose

Thiazolidinediones Pioglitazone Selectively activate peroxisome proliferator-activated 0.5-1.5 Fluid retention and weight gain, liver

receptor gamma, which causes increased insulin sensitivity dysfunction, bladder neoplasia, heart failure

Meglitinides Repaglinide, Increases insulin secretion via action on ATP-dependent  0.5-2.0 Hypoglycaemia, hypersensitivity reactions
nateglinide potassium channels on the beta islet cells of the pancreas including pruritus, rash and urficaria

DPP-4 inhibitors Sitagliptin, Inhibit DPP-4 resulting in potentiation of the action of ~ 0.89 Gastrointestinal disturbances including nausea,
saxagliptin, endogenous GLP-1 and a subsequent increase in insulin dyspepsia and gastritis, peripheral oedema;
vildagliptin secretion and decrease in glucagon production rare finding of liver dysfunction and

pancreafitis has been reported

AMP = adenosine monophosphate; ATP = adenosine triphosphate; DPP-4 = dipeptidyl peptidase 4; GLP = glucagondike peptide; HbA, . = glycated haemoglobin. From Nathan et al (2009), Ibrahim (2010),
Joint Formulary Committee (2011)
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Specific admission diagnoses

In patients admitted to hospital with severe
sepsis, the 2008 Surviving Sepsis recom-
mendations (Dellinger et al, 2008) still
suggest a target blood sugar of 8.3 mmol/
litre, to be maintained with a dose-adjusted
insulin infusion or Ssliding scale’. In
patients admitted with an acute coronary
syndrome, a National Institute for Health
and Clinical Excellence guideline recom-
mends that blood sugars be kept below
11 mmol/litre, usually without intensive
insulin therapy, using a dose-adjusted insu-
lin infusion if required (National Institute
for Health and Clinical Excellence, 2011).

Oral agents or insulin

If the patient is relatively well, with normal
oral intake of food and drink, had reason-
able glycaemic control before admission,
and stable cardiac and renal function, it
may be appropriate to introduce or titrate
oral agents (Wesorick et al, 2008).
However, oral agents are not easily titrated
as a result of a combination of factors,
including their mechanism of action, onset
and duration of action as well as potential
side effects. Sulphonylureas are relatively
short-acting. However, in the hospital set-
ting, a patient’s nutritional status is not the
same as when he/she is well. If calorific
intake is significantly lower then there is a
significant risk of hypoglycaemic events
when altering these drugs.

Metformin has a slower mode of onset,
and in unwell patients has been associated
with a small risk of lactic acidosis in the
context of hypoperfusion, hypoxia and
exposure to contrast agents (Clement et

Table 2. Causes of hyperglycaemia

in hospital inpatients

Stress response in acute illness

Drugs (e.g. glucocorticoid therapy)
Inappropriate use of dextrose-containing fluids
Total parenteral nutrition

Omission of diabetic medications

Inadequate monitoring

Unpredictable dietary infake

Decreased level of activity

Lack of knowledge among medical staff

Reluctance to treat high sugars for fear of inducing
hypoglycaemia

al, 2004). Glitazones have a slow onset of
action, and are contraindicated in patients
with heart failure; moreover, their safety
profile is increasingly in question. Acarbose
has no role for patients who are fasting
or have very poor nutritional intake. If
a decision is made to introduce an oral
agent, such as a sulphonylurea, this should
be at a low dose followed by assessment
of response. This may be chosen if the
precipitant of the hyperglycaemia is likely
to persist for some time, such as the use of
steroids to treat temporal arteritis.

Difficulty in controlling hyperglycaemia
often prompts clinicians to prescribe insu-
lin sliding scales. This could be seen as
advantageous because of its convenience
and simplicity, but it is not an appropriate
approach to management. There is no
good evidence to suggest that intravenous
insulin has a role for non-critically ill
patients (Clement et al, 2004). There is
over-reliance on sliding scale ‘coverage’ as
opposed to an active management plan for
ward-based patients with hyperglycaemia
(Lleva and Inzucchi, 2011).

A better answer in unwell
patients: subcutaneous regimens
Insulin is undoubtedly easier to titrate than
oral agents. Subcutaneous insulin is a rea-
sonable approach for the vast majority of
non-critically ill patients (Dungan et al,
2009). There are various advantages to
using subcutaneous regimens. First, there is
no need for dedicated intravenous access,
avoiding the risks of nosocomial infection.
Second, it allows clinicians to tailor a
physiological regimen for the patient
(Figure I). In terms of glycaemic control,
the prospective Randomized Study of Basal
Bolus Insulin Therapy in the Inpatient
Management of Patients with Type 2
Diabetes (RABBIT 2) by Umpierrez et al

Figure 1. Physiological insulin secretion.
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(2007), which compared subcutaneous
insulin regimens with a sliding scale,
showed no significant difference in patients
with type 2 diabetes on general medical
wards. A smaller study using historical
controls found a significantly reduced risk
of both hyper- and hypoglycaemia using a
subcutaneous regimen (Perera et al, 2011)
(Table 3). The introduction of a standard-
ized subcutaneous insulin prescription
chart that triggered daily reviews led to
more time spent in an acceptable range
(glucose 4-9.9 mmol/litre) and less
hypoglycaemia (Cheung et al, 2011).

By using a subcutaneous regimen, one
attempts to closely mimic the natural insu-
lin secretion of a non-diabetic patient. The
regimen consists of three components: a
basal insulin, a prandial insulin and sup-
plemental insulin (Clement et al, 2004).
Total daily insulin requirement is typically
0.3-0.6 units/kg/day. The basal insulin
accounts for approximately 50% of the
total daily insulin requirement. The other
50% represents the prandial insulin — this
is administered in equally divided doses in
response to each meal. Supplemental insu-
lin is then given as required to account for
‘unexpected’ rises in blood glucose
(Wesorick et al, 2008).

To determine the dosing, an adequate
assessment and some clinical judgment is
required. A patient who is likely to be rela-
tively insulin sensitive (as evidenced by a
low body mass index, frailty or elderly)
should be started at a conservative dose of
0.3 units/’kg/day. On the other hand, a
patient with sepsis, on high dose steroids,
or obese with likely insulin resistance will
require a larger dose.

To apply this principle to the case
vignette in Figure 2 Mr C weighs 85kg.
Given that he is unwell with an infective
exacerbation of chronic obstructive pulmo-
nary disease and has been commenced on
steroids, his insulin requirements are sig-
nificantly increased. He will require a total
daily insulin dose of approximately
0.6 units/kg = 0.6 units x 85kg/day = 51
units. This replaces his oral antidiabetics
until his condition has improved. He
should also be advised to avoid foods that
are likely to lead to rapid rises in blood
sugars.

Of this insulin, 50% should be given as
a long-acting agent (first line Insulatard or
Humulin I, or possibly second line Levemir
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or Lantus) in the morning (basal). The
remaining 25 units should be given in
three divided doses of 7—8 units of short
acting insulin (Novorapid, Humalog, or
Humulin S) with each meal. As Mr C cur-
rently has an elevated blood glucose he
should also receive a correction dose of
insulin, i.e. 2—4 units of short-acting insu-
lin. This regimen is flexible and will require
up and down titration as the clinical condi-
tion changes, but avoids the ‘roller coaster’
of the insulin sliding scale, as well as the
nuisance of hourly fingerprick blood sugar
measurements. Subcutaneous insulin can
be discontinued when the patient has
improved clinically, and the sugars have
stabilized. If the patient is known to be
diabetic, previous treatment can often be
resumed.

While all doctors looking after inpatients
should have an appreciation of the basics of
diabetes management, inpatient hypergly-
caemia often warrants early involvement of
the local diabetes team, often through the
diabetes nurse specialist.

Conclusions

Inpatient hyperglycaemia is a common
occurrence and has an important impact
on outcomes. Insulin sliding scales are
best avoided where possible, but judi-
cious use of subcutaneous regimens can
allow good blood sugar control. Better
management of in-hospital hyperglycae-
mia can lead to reduced length of stay,
increased patient safety and improved
patient experience. BJHM
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Figure 2. Case scenario.

You are a junior doctor on the respiratory ward. On your round you see Mr C, who was admitted 2 days
earlier with an infective exacerbation of chronic obstructive pulmonary disease. In addition he also suffers
from type 2 diabetes and hypertension. The nurse attracts your attention to his blood sugar chart, which
shows that since his admission his blood sugar has been markedly elevated. This morning, it was 29 mmol/
litre, and it has not been below 15 mmol/litre. He reports polyuria and thirst, and is still quite breathless.
His normal medication includes metformin 1 g twice daily and gliclazide 40 mg twice daily, as well as
ramipril 5mg once daily and salbutamol, tiotropium, salmeterol and fluticasone inhalers. His treatment

irl: hospital has so far consisted of regular nebulisers, prednisolone, oral antibiofics and controlled oxygen
therapy.

On examination, he is still quite wheezy and hypoxic, but not confused or dehydrated. He is centrally
obese, weighs about 85 kg (hody mass index 32kg/m?), and has a normal renal function. His last glycated
haemoglobin was 8.0% (64 mmol/mol).

How do you approach the problem of Mr C's hyperglycaemia?
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