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Diabetes mellitus is one of the most common long-
term conditions in the UK today, with a total popu-
lation of 3.2 million, giving an estimated prevalence 

of approximately 4.8% (Health and Social Care 
Information Centre, 2013a). The cost of diabetes mellitus 
to the NHS has been estimated to be over £1.5 million per 
hour or 10% of the NHS budget for England and Wales 
(Diabetes.co.uk, 2013). Although the majority of diabetes 
care is delivered in the community, around 15% of all 
hospital beds for adults are occupied by people with diabe-
tes (Diabetes UK, 2013a). These patients tend to be older, 
sicker, have a longer length of stay and be admitted to 
hospital more frequently than the general population. 

Data from the National Diabetes In-patient Audit 
2012 revealed that hypoglycaemia is frequent, with 
22.4% of all diabetes patients experiencing at least one 
hypoglycaemic episode (blood glucose <4.0 mmol/litre), 
and 10.5% developing a severe hypoglycaemic episode 
(blood glucose <3.0 mmol/litre) (Health and Social Care 
Information Centre, 2013b). Up to 40% of all diabetes 
inpatients experienced at least one medication error dur-
ing their stay, which doubled their risk of experiencing a 
severe hypoglycaemic episode. Other significant manage-
ment errors included infrequent blood glucose monitor-
ing during intravenous insulin infusions, and fewer than 
35% of all inpatients having a formal foot examination. 

Owing to variations in practice, the Joint British 
Diabetes Societies have published a number of guidelines 
to promote better practice in the management of inpa-
tient diabetes. Key aspects of recent guidelines and rec-
ommendations, including safe prescribing of insulin to 
help improve clinical practice, are discussed in this arti-
cle. Perioperative management has previously been 
reviewed in this journal (Dhatariya, 2012), while the 
management of glucocorticoid-induced hyperglycaemia 
is discussed in the current issue (Dhatariya, 2014). 

Diabetic ketoacidosis
Diabetic ketoacidosis is a life-threatening complication of 
type 1 diabetes characterized by the biochemical triad of 
hyperglycaemia, ketonaemia and acidaemia. It is gener-
ally precipitated by infection, or may be caused by inad-
equate insulin intake or insulin omission. Although 
mortality rates from diabetic ketoacidosis have fallen over 
the last two decades (Wang et al, 2006), morbidity and 
mortality are still high in certain at-risk groups. These 
include young adults, pregnant women, the elderly and 
patients with coexisting renal or cardiac failure. Diabetic 
ketoacidosis commonly presents on the acute medical 
take and guidelines for its management are available in 
most NHS hospitals. The diabetes specialist team must 
always be involved in the care of patients admitted to 
hospital with diabetic ketoacidosis. Their involvement 
helps reduce the length of stay and improves safety 
(Cavan et al, 2001; Sampson et al, 2006). Ideally this 
should occur as soon as possible during the acute admis-
sion. Specialists must also be involved in the assessment 
of the possible precipitating cause of diabetic ketoacido-
sis, management, discharge, and follow-up in order to 
achieve the Best Practice Tariff for diabetic ketoacidosis 
(Price et al, 2013).

The Joint British Diabetes Societies Inpatient Care 
Group published guidelines for the management of dia-
betic ketoacidosis in adults in 2010, which were updated 
in 2013 (Dhatariya and Savage, 2013). The guidelines 
have incorporated an enhanced understanding of the 
primary metabolic abnormality of diabetic ketoacidosis, 
which is ketonaemia, along with key recommendations in 
diagnosis (Table 1) and management (Table 2). The use of 
modern near-patient blood ketone meters is recom-
mended, with a blood ketone level of >3.0 mmol/litre 
consistent with a diagnosis of diabetic ketoacidosis. 
Urinary ketone testing has limitations in that ketonuria 
may be present even though ketone production from the 
liver may have ceased, and urine samples may not be 
readily available if the patient is not catheterized. It is 
vital for staff to be trained in the use of blood glucose and 
ketone meters, and to understand the implications of 
blood ketone levels. These meters must be subject to 
rigorous quality assurance. A meta-analysis comparing 
the use of blood ketones vs urinary ketones in diabetic 
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ketoacidosis demonstrated that blood measurements were 
associated with reduced emergency department assess-
ment, hospitalizations and a shorter time to recovery, 
thus resulting in financial savings (Klocker et al, 2013).

Another significant change is the replacement of the 
traditional variable rate intravenous insulin infusion or 
‘sliding scale’ with a fixed-rate intravenous insulin infu-
sion calculated on the basis of the patient’s body weight 
(0.1 units/kg body weight/hr). There is also emphasis on 
the significant fluid and electrolyte deficit associated with 
the condition, and the need to correct this with appropri-
ate fluid replacement therapy. The fluid of choice for fluid 
resuscitation is 0.9% sodium chloride with pre-mixed 
potassium chloride, which is compliant with National 
Patient Safety Agency recommendations. Hartmann’s 
solution has not been shown to be superior to 0.9% 
sodium chloride in terms of clinical outcomes although 
theoretically the former should reduce the risk of hyper-
chloraemic metabolic acidosis (Mahler et al, 2011; Van 
Zyl et al, 2012). When blood glucose levels drop below 
14 mmol/litre 10% glucose should be infused in order to 
prevent hypoglycaemia and allow continuation of fixed-
rate intravenous insulin infusion to suppress ketogenesis. 
Concomitant 0.9% sodium chloride still needs to be 
infused in order to correct circulatory volume. 

The use of venous (rather than arterial) blood gas 
measurements for monitoring is now recommended, 
with the difference in pH and bicarbonate levels being 
negligible. Resolution of diabetic ketoacidosis occurs 
when pH is greater than 7.3 and ketonaemia is below 
0.6 mmol/litre. Long-acting insulin analogues (e.g. 
Lantus, Levemir, Tresiba) should be continued, mainly to 
prevent rebound hyperglycaemia or ketosis occurring 
when intravenous insulin is discontinued.

Hyperglycaemic hyperosmolar state
Hyperglycaemic hyperosmolar state, formerly known as 
hyperglycaemic hyperosmolar non-ketotic coma, occurs 
almost exclusively in patients with type 2 diabetes and 
may be the presenting feature in some patients. While a 
precise definition does not exist, it can be differentiated 
from diabetic ketoacidosis in that the degree of hypovol-
aemia and dehydration is of a greater magnitude, in 
combination with a greater degree of hyperglycaemia 
(often greater than 30 mmol/litre) but without significant 
ketonaemia or acidosis, in combination with a raised 
serum osmolality greater than 320 mosmol/kg (Table 1) 
(Scott and Claydon, 2012). It also carries a higher mor-
bidity and mortality than diabetic ketoacidosis, often 
related to acute cardiovascular complications such as 
stroke, myocardial infarction or peripheral arterial throm-
bosis. The aim is to correct the metabolic abnormalities 
gradually, thereby minimizing the risk of precipitating 
heart failure or cerebral oedema, which can often develop 
with rapid fluid and electrolyte shifts. However, if fluid 
replacement is too slow, this may lead to irreversible acute 
kidney injury. Other key steps in the treatment of hyper-

glycaemic hyperosmolar state are the prevention of sec-
ondary complications, such as arterial or venous throm-
bosis (by administering prophylactic low molecular 
weight heparin), or development of foot ulcers.

Initially, fluid therapy alone using 0.9% sodium chlo-
ride should be sufficient to reduce plasma glucose levels. 
Cautious fixed-rate intravenous insulin infusion at lower 
infusion rates than those for diabetic ketoacidosis (i.e. 
0.05 units/kg body weight/hr) should only be started 
when blood glucose levels first start to plateau. (If there is 
a mixed picture of hyperglycaemic hyperosmolar state 
and diabetic ketoacidosis, intravenous insulin must be 
commenced without delay.) 

Serum osmolality should be calculated regularly and 
helps to guide management. It is calculated by the for-
mula 2Na+ + glucose + urea, with the aim of gradually 
bringing down the osmolality by 3–8 mosmol/kg/hr. 
Sodium will often rise initially with correction in plasma 
glucose (as a result of intracellular fluid shifts), but 
should then begin to fall. With regular adjustments of 
fluid and insulin infusion rates, glucose, electrolytes and 
osmolality should gradually return to normal at a safe and 
steady pace. The rate of fall of plasma sodium should not 
exceed 10 mmol/litre/24 hours while the rate of fall of 
plasma glucose should be 5 mmol/litre/hour. A 5% or 
10% glucose infusion should be started if plasma glucose 
falls below 14 mmol/litre simultaneously while continu-
ing concomitant crystalloid fluids, aiming for a level of 
10–15 mmol/litre. The expected fluid replacement in 
hyperglycaemic hyperosmolar state is often substantially 

Use of blood ketone meters in patient bedside monitoring

Preference for crystalloid fluid (with 0.9% saline as fluid of choice) replacement over colloid

Use of venous blood gas monitoring (over arterial) for pH and bicarbonate levels

Cautious fluid replacement in young adults

Subcutaneous long-acting insulin to be continued while on intravenous insulin infusion

Insulin as fixed rate infusion (without priming bolus) calculated from patient’s weight

Bicarbonate or phosphate infusions not routinely recommended
From Dhatariya and Savage (2013) 

Table 2. Key Joint British Diabetes Societies management 
recommendations for diabetic ketoacidosis

Criteria	 Diabetic ketoacidosis	 Hyperosmolar hyperglycaemic state

Blood glucose	 >11.0 mmol/litre	 >30 mmol/litre

Blood ketones	 ≥3.0 mmol/litre	 <3.0 mmol/litre

Venous pH	 <7.3	 >7.3

Bicarbonate	 <15 mmol/litre	 >15 mmol/litre

Blood osmolality	 Not applicable	 >320 mosmol/kg
From Scott and Claydon (2012), Dhatariya and Savage (2013) 

Table 1. Joint British Diabetes Societies diagnostic criteria for 
diabetic ketoacidosis and hyperosmolar hyperglycaemic state
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greater than in diabetic ketoacidosis, and generally has to 
be replaced more gradually over a 48–72-hour period. 
There is also a substantial risk of venous thromboembo-
lism given the patient’s hyperosmolar state, so thrombo-
prophylaxis using low molecular weight heparin is essen-
tial. All patients presenting with hyperglycaemic hyperos-
molar state must be referred to the specialist diabetes 
team.

Hypoglycaemia
Hypoglycaemia is a common occurrence in diabetes 
inpatients, so rapid and correct treatment is vitally 
important. Inappropriate or inadequate treatment of 
severe hypoglycaemia (i.e. hypoglycaemia requiring third 
party assistance as the patient is unable to treat him-/
herself ) may lead to serious complications or even death. 
Joint British Diabetes Societies have developed a useful 
traffic light algorithm for the inpatient management of 
hypoglycaemia in patients with diabetes (Figure 1) 
(Stanisstreet et al, 2013). Appropriate treatment depends 
on the patient’s conscious level, degree of orientation or 
confusion, and ability to swallow. 

Common errors in management include inadequate or 
incorrect treatment of hypoglycaemia, omitting the next 
dose of insulin after successful treatment of hypoglycae-
mia, and not offering a long-acting carbohydrate follow-
ing successful treatment of hypoglycaemia (unless the 
next meal is due). The use of intravenous 50% glucose 
should be avoided because of the potential to cause 
extravasation injury. The use of smaller aliquots of 10% 
glucose has been found to result in lower post-treatment 
blood glucose levels (Moore and Woollard, 2005). Areas 
of good practice have successfully used standard issue 
‘hypo boxes’ to all hospital wards and emergency depart-
ments. These contain all the necessary treatments for 
hypoglycaemia, including intravenous access equipment. 
Audit sheets can be added to these boxes in order to 
monitor the management of hypoglycaemia on the 
wards.

Diabetic foot disease
Foot disease is the most common cause of hospital admis-
sion for diabetes patients, and carries significant morbid-
ity and mortality risk with it. Even in modern cohorts, 

Figure 1. Algorithm for the treatment and management of hypoglycaemia in diabetes inpatients. From Stanisstreet et al (2013). CBG = capillary blood glucose.

Mild

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

Moderate Severe

Step 1 – give 15–20 g of quick-acting 
carbohydrate

Test CBG level after 10–15 mins
If still <4 mmol/litre repeat step 1 up to 

three times
If CBG level still remains <4 mmol/litre after 

three cycles contact doctor
Consider intravenous 10% dextrose at 

100 ml/hr or 1 mg glucagon intramuscularly

If capable and cooperative, give 15–20 g of 
quick-acting carbohydrate (as in step 1)

Test CBG level after 10–15 mins
If not capable and cooperative but able to 

swallow give either 1.5–2 tubes of Glucogel 
or 1 mg glucogen intramuscularly
Test CBG level after 10–15 mins

If still <4 mmol/litre, give 15–20 g quick-
acting carbohydrate

Test CBG level after 10–15 mins and repeat 
up to three times if still <4 mmol/litre

If this has been repeated three times, contact 
doctor and consider intravenous 10%  

dextrose at 100 ml/hr
(Repeat up to three times until CBG 

>4 mmol/litre)

Check airway, breathing and circulation, stop 
any intravenous insulin 

Fast bleep doctor
If patient suitable for intramuscular glucagon 

(i.e. less effective if taking sulphonylurea, 
chronically malnourished (e.g. alcoholics), 

liver disease, patient starved or nil by 
mouth, repeated hypos), give 1 mg glucagon 

intramuscular
If not, give intravenous 20% dextrose 75 ml 
over 15 mins (set infusion rate at 300 ml/hr)

or intravenous 10 dextrose 150 ml over 
15 mins (set infusion rate at 600 ml/hr)

Repeat up to three times

Blood glucose should now be above 4 mmol/litre. Give 20 g of long-acting carbohydrate, e.g. two 
biscuits, a slice of bread, 200–300 ml glass of milk or next meal if due. Remember specific dietary 

requirements. If intramuscular glucagon has been used give 40 g of long-acting carbohydrate in order 
to replenish glycogen stores 

For enteral feeding patients only:
Restart feed or give bolus feed as per guideline or intravenous 10% dextrose at 100 ml/hr

Re-check CBG level after 10–15 mins,  
it should now be >4 mmol/litre. Follow up 
treatment as described on the left. If nil by 

mouth give 10% dextrose infusion at  
100 ml/hr until no longer nil by mouth or 

reviewed by doctor

Hypoglycaemia is defined as CBG <4 mmol/litre (if not <4 mmol/litre but symptomatic give a small carbohydrate snack for symptom relief)
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the presence of a foot ulcer is associated with death 
within 5 years in 46% of cases (Morbach et al, 2012). In 
the National Diabetes In-patient Audit 2012 report, 
9.3% of diabetes inpatients had a foot complication on 
admission (Health and Social Care Information Centre, 
2013b). 

Every diabetes patient should have a formal foot assess-
ment within the first 24 hours of admission, either by 
medical or nursing staff. Shoes, socks, bandaging and 
dressings should all be removed. Peripheral pulses, sensa-
tion, deformities (including Charcot arthropathy) and 
signs of inflammation and/or infection should be assessed. 
The presence of an active ulcer should trigger an urgent 
referral to the multidisciplinary foot care team, compris-
ing a diabetes physician, vascular and orthopaedic sur-
geon, podiatrist and diabetes specialist nurse (National 
Institute for Health and Clinical Excellence, 2011). If the 
patient is systemically unwell, is suspected to have a deep-
seated infection (e.g. gas in soft tissue on plain X-ray), or 
has evidence of limb ischaemia, urgent advice from the 
appropriate specialist needs to be sought. If infection is 
suspected, swabs should be taken for culture and antibi-
otics given as per local trust guidelines and/or in consul-
tation with the microbiologist. 

The input from the diabetes foot care team helps to 
reduce length of stay, promote healing of ulcers and ulti-
mately reduces amputation rates. The Putting Feet First 
campaign has set targets for reducing amputation rates, 
and this includes a traffic light system for identifying 
those patients in the community who are at high risk of 
amputation (Diabetes UK, 2013b).

Enteral feeding of stroke patients  
with diabetes
Diabetes patients on enteral feeding regimens (e.g. via 
nasogastric tubes or percutaneous endoscopic gastrosto-
my) can have erratic blood glucose profiles, with hyperg-
lycaemia occurring during the active feed and hypogly-
caemia during rest periods. Hypoglycaemia can be very 
serious and in those patients who require enteral feeding 
as a result of a stroke, their ability to either correct it or 
alert others to it happening may be impaired. Thus the 
potential risk of further cerebral damage may ensue. A 
member of the diabetes team (such as a specialist nurse or 
physician) should be involved early once an enteral feed-
ing regimen has been agreed. Regular reviews will help 
optimize glycaemic control.

The Joint British Diabetes Societies provides recom-
mended targets of a pre-meal blood glucose of 5–8 mmol/
litre and a range of 6–12 mmol/litre during the feed itself 
(Roberts and Penfold, 2012). Capillary blood glucose 
levels should be monitored on a 4–6-hourly basis, with 
more frequent measurements in the event of hypoglycae-
mia (as per Joint British Diabetes Societies guidelines) 
(Stanisstreet et al, 2013) or when the feed is stopped 
prematurely as there will be a higher risk of hypoglycae-
mia under such circumstances. Indeed capillary blood 

glucose levels should not be checked only at ward meal 
times – this should be based on clinical need rather than 
ward culture. Patients with type 1 diabetes will require 
insulin at all times delivered either subcutaneously or 
intravenously. The unexpected interruption of an enteral 
feed may put the patient at high risk of hypoglycaemia, 
especially if insulin is being administered. An urgent 
assessment is required at that time to ensure patient 
safety and minimize the risk of hypoglycaemia. 

End of life care
Despite the common prevalence of diabetes, its care is 
often neglected in people with terminal conditions who 
have reached the point of palliation. Insulin requirements 
will drop with the inevitable loss of appetite, weight loss 
and organ failure, carrying the risk of hypoglycaemia. 
Strict control to avoid long-term complications of hyper-
glycaemia will become irrelevant, with a focus more on 
prevention of extremes of glycaemia (Diabetes UK, 
2013c). Hyperglycaemia can sometimes result from 
related events such as infection or steroid use.

Blood glucose monitoring should be kept to a mini-
mum; insulin regimens should be simplified with fewer 
daily injections and oral anti-diabetic agents either 
reduced in dose or frequency, or stopped altogether.

Safe insulin prescribing
Errors arising from insulin prescriptions in diabetes inpa-
tients are very common. Between 2003 and 2009, the 
National Reporting and Learning System identified that 
16 600 incidents had occurred, including six deaths and 
12 resulting in severe harm (Cousins et al, 2011). As a 
result, a rapid response report was issued in 2010 by the 
National Patient Safety Agency with a list of points for 
immediate action to all NHS organizations to address 
this issue (National Patient Safety Agency, 2010), with a 
subsequent Patient Safety Alert in 2011 (National Patient 
Safety Agency, 2011). The most potentially serious error 
involves abbreviations of insulin ‘units’ to ‘u’ or ‘iu’. This 
can lead to very high doses of insulin being administered 
– for example, ‘12 u’ may be misinterpreted as 120 units 
of insulin. Some key points relating to the safe adminis-
tration of insulin are summarized in Table 3. 

Inappropriate omission or delay in administering insu-
lin can lead to worsening glycaemic control which may 
extend length of stay, or in some cases, even cause death 
(Diabetes.co.uk, 2014). To counter this, there is good 
evidence to suggest widespread training in safe insulin 
prescribing can reduce errors, improve safety and shorten 
length of stay (Al-Yassin et al, 2013). NHS Improving 
Quality has a free on-line module for health professionals 
on the safe use of insulin (NHS Improving Quality, 
2013) and many hospital trusts have adopted this (or a 
modified version) as part of their mandatory training of 
relevant health-care professionals. All insulin-treated 
patients should be issued with a hand-held ‘insulin pass-
port’ which documents their exact type and dosage of 
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insulin in case of admission to hospital (National Patient 
Safety Agency, 2011). Furthermore, the NHS Institute 
for Innovation and Improvement developed the Think 
Glucose programme to help provide resources and sup-
port opportunities with the aim of delivering a consist-
ent, effective and proactive approach to the management 
of inpatient diabetes (NHS Institute for Innovation and 
Improvement, 2013).

Self-management and other general points
Diabetes inpatients should be encouraged to administer 
their own insulin so as to reduce some of the errors in 
insulin use as described above. An assessment needs to be 
made on admission as to the safety of self-administration 
in the light of the patient’s clinical state. A greater variety 
of meals should be offered in hospitals to cater for diabe-
tes inpatients, as ‘poor’ food choices may make glycaemic 
control more challenging. 

Diabetes inpatients with erratic blood glucose levels 
and other problems pertaining to their condition should 
be promptly referred to the inpatient diabetes team to 
optimize their diabetes care.

Conclusions
Diabetes inpatients will be encountered across all special-
ties throughout the hospital. Some of these patients will 
be admitted as a direct result of decompensation of their 
diabetes or as a result of an acute complication (for exam-
ple, diabetic foot ulceration). Most patients, however, are 
admitted for some other reason and it is important to 
ensure that their diabetes is appropriately and safely man-
aged during their inpatient stay. A number of national 
guidelines have helped to provide best practice. Safe insu-
lin prescribing and administration are of paramount 
importance, and National Patient Safety Agency alerts 
and e-learning training modules have helped to highlight 
these issues. Unfortunately insulin medication errors 
remain a problem and maladministration of insulin 
resulting in severe harm or death is an example of a ‘never 
event’ (NHS England, 2013). The multidisciplinary 
inpatient diabetes team plays a pivotal role in educating 
patients, carers and non-specialist health-care profession-
als in the safe and effective management of diabetes. 
Their early involvement in appropriately selected diabe-
tes inpatients reduces length of stay and enhances patient 
experience. BJHM

Figure 1 is reproduced by kind permission from Stanisstreet et al (2013). 
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KEY POINTS
n	Diabetes patients account for a significant proportion of bed occupancy and 
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Always check insulin for:	 Right insulin

	 Right dose

	 Right time

	 The word ‘units’ written in full

Always administer insulin using a pen device, insulin syringe or pump.  
Never use a standard 1 ml syringe

Always give regular doses of rapid-acting and mixed insulins with meals

Always sign to confirm that an insulin dose has been administered

Always ensure that patients who self-administer have the correct insulin

Table 3. Key points when administering insulin
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Bene� ts of attending Clinical Skills for Acute Medicine:
� Gain insights into the role of new early warning scores in acute medicine

� Learn about how new point of care technologies can improve ef� ciency of diagnosis 
and treatment

� Update your skills in performing ultrasound at the bedside, interpreting complex 
ECGs, and spotting abnormalities on EEGs

� Examine speci� c issues on the acute medicine unit, including guidelines for use of 
novel anticoagulants, assessing infections and sepsis and managing frail old people

� Share and exchange ideas with the leading professionals in the � eld
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