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CASE STUDY  PEER REVIEWED  

Diabetic ketoacidosis (DKA) occurs when there is significant insulin deficiency 
that prevents the uptake of glucose by cells as an energy source.1 The body 
adapts by metabolising fats to generate ketones as an alternative source of 

energy. The production of ketones is acidic, resulting in ketoacidosis. Insulin 
deficiency typically results in concurrent hyperglycaemia.

Case scenario
Michael is a 22-year-old man who presents to you complaining of excessive fatigue, 
nausea, vomiting, abdominal pain, polyuria, polydipsia and blurred vision. He 
reports no recent infections. His past medical history includes type 1 diabetes mellitus, 
which was diagnosed when he was 19 years of age. He discloses that he ran out of his 
usual insulin two days ago (long-acting insulin 30 units at night and rapid-acting 
insulin 10 units three times daily with meals; total daily dose = 60 units).

On examination, he is pale, diaphoretic and drowsy with a Glasgow Coma Scale 
score of 14. He has normal blood pressure (103/72 mmHg) and body temperature 
(37.2°C) but is tachycardic (heart rate, 127  beats per minute) with cool peripheries 
and sluggish capillary refill. He is tachypnoeic (respiratory rate, 34 breaths per minute) 
with deep and rapid respiration (Kussmaul breathing) and accessory muscle use. 
His abdomen is soft but generally tender. His blood glucose level is elevated at 
19 mmol/L with large urine ketones detectable and elevated blood ketones higher 
than 5 mmol/L (reference range <0.6). 

Key points
•	Diabetic ketoacidosis (DKA) is a life-

threatening emergency that requires prompt 
treatment. The initial management of DKA 
involves fluid resuscitation and insulin 
administration.

• On diagnosing DKA in an outpatient setting, 
subcutaneous rapid-acting insulin should  
be administered immediately rather than 
waiting for the person to present to the 
emergency department. Antiemetics should 
be administered, if appropriate.

•	Sodium-glucose cotransporter-2 inhibitors 
should not be prescribed by GPs for people 
with type 1 diabetes as there is a 
significantly increased risk of DKA. Off-label 
use and use for cardiac or renal indications  
in people with type 1 diabetes should only 
occur in carefully selected individuals under  
the close supervision and monitoring of a 
specialist endocrinologist.

•	 Insulin pump and infusion set (tubing, cannula) 
issues are the most common precipitant of 
DKA in people with type 1 diabetes using 
insulin pumps. If a person with type 1 
diabetes using pump therapy unexpectedly 
develops ketosis, they should administer a 
subcutaneous dose of rapid-acting insulin  
via injection (dose calculated from the pump) 
and change their pump reservoir and  
infusion set.
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You confirm a diagnosis of DKA, second-
ary to recent insulin omission. You administer 
12 units of rapid-acting insulin subcutane-
ously, encourage oral fluid intake and arrange 
for Michael’s transfer to your nearest tertiary 
centre via an ambulance.

Apart from urgent referral to the 
hospital, are there any additional 
management steps GPs could 
perform for cases of DKA? 
The initial management of DKA involves 
fluid resuscitation and insulin administra-
tion.1 People with hyperglycaemia can 
develop polyuria and dehydration and, thus, 
adequate hydration is important. Regular 
consumption of oral fluids in small amounts 
(125 to 250 mL/h) should be encouraged. 
Ensuring the patient has access to water while 
waiting to present to the emergency depart-
ment (ED) is important. If the patient is 
unable to tolerate oral fluids because of 
nausea or vomiting, intramuscular metoclo-
pramide should be administered and GPs 
should consider calling an ambulance to 
provide intravenous fluids (0.9% sodium 
chloride at 500 to 1000 mL/h).

Given that DKA is usually managed 
with insulin infusion, is it better to 
wait until a patient’s situation can 
be closely monitored in the ED before 
administering insulin? 
DKA arises because of insulin deficiency; 
therefore, patients with DKA benefit from 
the provision of insulin administered either 
subcutaneously or intravenously. Any dose 
of insulin administered while waiting to 
present to the ED will be beneficial, particu-
larly if there is a history of insulin omission. 
In general, a subcutaneous rapid-acting 
insulin dose of 20% of the person’s total daily 
dose of insulin (TDD) can be safely given in 
a DKA emergency precipitated by insulin 
omission, and a dose of 10% of the TDD can 
be administered when all regular insulin has 
already been taken. For people with type 1 
diabetes using insulin pen injections, the 
TDD is calculated by summing up all the 
usual injections (rapid-acting, long-acting 
and any mixed insulin); for people with 
type 1 diabetes on insulin pumps, the average 

TDD can be obtained from the pump in the 
pump history.

Blood glucose and ketone levels should 
be monitored every one to two hours. Out-
patient sick day management plans from the 
Australian Diabetes Educator Association 
advises people with DKA to administer addi-
tional subcutaneous insulin every two hours 
to treat developing ketosis.2 DKA increases 
insulin resistance, and correction doses of 
subcutaneous insulin are higher compared 
with doses when ketones are not present.

Intravenous insulin infusions have long 
been the standard of care for DKA treat-
ment.1 However, recent guidelines have sug-
gested that subcutaneous insulin can be used 
to treat mild to moderate DKA effectively.3 
If there is a delay in administering intrave-
nous insulin, it is beneficial to administer 
subcutaneous insulin. 

Sodium-glucose cotransporter-2 
(SGLT-2) inhibitors are now being 
prescribed for type 2 diabetes, chronic 
kidney disease and heart failure.  
What special considerations are there 
when managing a person with type 1 
diabetes prescribed SGLT-2 inhibitors?
SGLT-2 inhibitors (i.e. dapagliflozin, empag-
liflozin) are currently TGA approved and PBS 
listed in Australia for management of glycae-
mia in people with type 2 diabetes. DKA may 
occur in people with type 2 diabetes treated 
with SGLT-2 inhibitors in the context of acute 
metabolic stress, such as concurrent illness 
or prolonged fasting, but often at blood glu-
cose levels of less than 15 mmol/L and hence 
known as euglycaemic DKA.

Multiple trials have demonstrated that 
SGLT-2 inhibitors, when used in people with 
type 1 diabetes, improve glycated haemo-
globin levels, decrease glycaemic variability, 
reduce insulin requirements, lower weight 
and lower blood pressure, without increasing 
the risk of hypoglycaemia.4 However, there 
is an increased risk of DKA, with the US 
Food and Drug Administration estimating 
an eightfold higher risk of DKA in people 
with type 1 diabetes treated with SGLT-2 
inhibitors.5 The TGA released a medication 
safety update in 2022, specifically highlight-
ing that type 1 diabetes is not an approved 

indication for SGLT-2 inhibitors.6 
DKA may occur at lower blood glucose 

levels (i.e. euglycaemic DKA with blood glu-
cose levels <15 mmol/L) and, thus, ketone 
levels should be measured if there are signs 
or symptoms of ketosis (nausea, vomiting, 
abdominal pain, tachypnoea, drowsiness, 
fruity breath) even when the blood glucose 
level is not elevated.

Given the significant risks and off-label 
nature of their use, SGLT-2 inhibitors should 
only be prescribed for a selected cohort of 
people with type 1 diabetes under the super-
vision of a specialist endocrinologist.7 Edu-
cation on the risk and signs and symptoms 
of DKA should be delivered, and appropriate 
sick day management information should 
be provided, including how and when to 
measure ketones, and how to treat elevated 
ketones.8

Furthermore, SGLT-2 inhibitors are 
approved for the treatment of chronic kidney 
disease and heart failure. If SGLT-2 inhibitors 
are being considered for people with type 1 
diabetes for cardiorenal indications, an 
endocrinologist should be involved to assess 
whether they are suitable candidates and 
ensure they have received appropriate edu-
cation to mitigate the risk of DKA.

What should be included in a sick 
day management plan? 
Sick day management is a critical aspect of 
care for people with type 1 diabetes. Illness 
results in the release of stress hormones and 
changes in oral intake that can affect glycae-
mic levels and the risk of DKA.2 Sick day 
management should be discussed by the 
person’s endocrinologist during regular clin-
ical reviews. Some endocrinologists (or dia-
betes services attached to tertiary public 
hospitals) may be available for people with 
type 1 diabetes to contact during illness to 
provide advice on management, which can 
prevent morbidity and the need for ED pres-
entation or hospitalisation. Written instruc-
tions for sick day management may also be 
provided by either the endocrinologist or 
credentialed diabetes educator, providing 
clear guidance on personalised actions to 
take and assisting with self-management.2

Key elements of sick day management 
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include maintaining adequate hydration 
(glucose-free fluids if blood glucose levels are 
15 mmol/L or higher; glucose-containing 
fluids if blood glucose levels are less than 
15 mmol/L), regularly monitoring blood glu-
cose and ketone levels every two to four hours, 
administering additional insulin for elevated 
ketones (>1.0 mmol/L, with or without hyper-
glycaemia) and taking antiemetic medications 
(e.g. oral ondansetron or intramuscular met-
oclopramide), which is often supported by 
their GP (Box). For people with type 1 diabetes 
in whom insulin pump failure or line occlu-
sion may be a cause of unexpected hyper
glycaemia and/or ketosis, education should 
include delivering a correction dose of 
rapid-acting insulin via pen injection to ensure 
insulin is delivered immediately, changing 
the reservoir and infusion set (tubing, can-
nula), and increasing the temporary basal rate 
to 150 to 200% for two to four hours.9

Which pumps are currently available 
in Australia, and what funding is 
available for people with type 1 
diabetes to access these? 
There are six insulin pumps available in 
Australia via private health insurance (Table). 
Older models of these pumps continue to be 
used by people with type 1 diabetes (e.g. 
Medtronic 640G/670G, DANA R, DANA RS, 
Roche Accu-Chek Combo), but these are 
being phased out and are not available for 

commencement. Additional insulin pump 
options exist overseas but these are not 
currently available in Australia. 

Insulin pumps are expensive, and most 
people with type 1 diabetes using insulin 
pumps acquire them via private health insur-
ance (with the level of coverage required for 
insulin pumps varying by health fund), with 
the ability to obtain a new insulin pump after 
four to five years depending on the health 
fund (although all warranties on pumps are 
for four years). People with type 1 diabetes 
aged younger than 21 years without private 
health insurance and a combined family 
income of $117,348 or less can apply to the 
Federal Government Insulin Pump Program, 
administered by the Juvenile Diabetes 
Research Foundation, which allows about 
220 children and young people to access a 
fully subsidised insulin pump each year 
(currently the mylife YpsoPump).10

Do insulin pumps increase the  
risk of DKA?
There is mixed evidence regarding the rela-
tionship between the risk of DKA and use 
of insulin pump therapy.11-13 People with 
type 1 diabetes using insulin pumps do not 
use long-acting insulin, as the insulin pump 
only delivers rapid-acting insulin. Thus, any 
malfunction associated with the pump or 
infusion set (i.e. tubing, cannula) may result 
in absolute insulin deficiency and the 

Key elements of sick day management for patients with type 1 diabetes

Advice for all people with type 1 diabetes
•	 Always continue taking basal insulin

•	 Maintain adequate hydration – aim for regular oral fluid intake of 125–250 mL per hour 
(glucose-free fluids if blood glucose levels ≥15 mmol/L; glucose-containing fluids if blood 
glucose levels <15 mmol/L)

•	 Regularly monitor blood glucose and ketone levels every two to four hours

•	 If ketone levels are >1.0 mmol/L, administer correction doses of rapid-acting insulin (5–20% 
of total daily dose) every two hours and increase frequency of blood glucose and ketone level 
monitoring to every one to two hours until ketone levels are <0.6 mmol/L

•	 Administer antiemetics (e.g. metoclopramide, ondansetron) if nausea or vomiting is present

Advice specifically for insulin pump users with unexpected hyperglycaemia and/or ketosis
•	 Change infusion set, and immediately administer correction dose of rapid-acting insulin via 

pen injection (rather than through pump)

•	 Increase temporary basal rates 150–200% for two to four hours; repeat until ketone levels 
are <0.6 mmol/L
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progression to DKA within a few hours. 
Pump and infusion set-related issues are the 
most common precipitating factor for DKA 
in pump users, with a recent study estimat-
ing insulin pump users experience on 
average four faulty infusion set changes 
annually.14,15 DKA that arises because of an 
absence of insulin without intercurrent 
illness rapidly resolves on restoration of 
insulin delivery.

Nonetheless, improvements in insulin 
pump and infusion set technology, wide-
spread uptake of continuous glucose 
monitoring (CGM) and enhanced patient 
education have changed the landscape. A 
recent large population-based, propensity- 
matched cohort study in Europe suggested 
decreased rates of DKA in people with type 1 
diabetes treated with insulin pumps.11 

Providing education to patients regarding 
the risk of pump failure and troubleshooting 
pump issues is critical. Practical tips to reduce 
the risk of pump failure-associated DKA 
include changing the infusion set if there is 
persistent unexplained hyperglycaemia, 
delivering rapid-acting insulin via pen injec-
tion to correct unexplained hyperglycaemia 
and avoiding infusion set changes prior to 
bedtime.

On resolution of DKA, what steps 
can be taken to reduce the future 
risk of DKA?
•	 Ensure the person with type 1 diabetes

has a written sick day management 
plan and access to ketone strips and a 
ketone meter.

•	 Encourage regular insulin 
administration, particularly emphasising 
the importance of not omitting 
long-acting insulin when using pen 
injections under any circumstance

•	 Recommend CGM, which provides 
real-time glycaemic data, and assists 
people with type 1 diabetes to identify 
prolonged hyperglycaemia earlier, 
thereby preventing progression to DKA. 
Studies have shown that CGM use reduces 

the risk of DKA in people with type 1 diabetes 
by 49 to 56%, reduces severe hypoglycaemia, 
improves glycaemic control and improves 
quality of life.16-18 The expansion of the Aus-
tralian federal government subsidy for access-
ing CGM in July 2022 has reduced the cost 
of CGM to a maximum of $390 per annum 
for people with type 1 diabetes, with some 
groups eligible for full subsidy. Registration 
with the National Diabetes Services Scheme 
to access subsidised CGM can be completed 

by an endocrinologist, physician, paediatri-
cian or credentialled diabetes educator. 

Conclusion
DKA is a life-threatening emergency; prompt 
treatment with rapid-acting insulin and fluid 
hydration can prevent significant morbidity 
and mortality. All people with type 1 diabetes 
should have a sick day management plan to 
prevent the development of DKA. Diabetes 
technology, such as insulin pumps and CGM, 
are becoming increasingly used by people 
with type 1 diabetes, but these patients require 
specific education to both use these technol-
ogies and troubleshoot potential issues.� ET 
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Table. Insulin pumps commercially available in Australia

Feature Tandem T:slim  
X2 insulin pump

Medtronic 
MiniMed 780G 
system

mylife YpsoPump Omnipod DASH 
system

Accu-Chek Solo 
micropump

Diabecare Dana-i 
system

Size (cm) 8.0 × 5.1 × 1.5 5.4 × 9.7 × 2.5 7.8 × 4.6 × 1.6 3.9 × 5.2 × 1.5 6.8 × 4.0 × 1.5 8.5 × 4.4 × 2.2

Automated insulin 
delivery 
compatible

Yes (with Dexcom 
G6 CGM)

Yes (with Guardian 
Link 4 CGM)

Yes (with Dexcom 
G6 CGM)

No No No

Tubeless No No No Yes Yes No

Reservoir capacity 
(units)

300 180 or 300 160 200 200 300

Waterproof rating IPX7 IPX8 IPX8 IP28 Pump not 
waterproof 

IP68

Abbreviation: CGM = continuous glucose monitoring.
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