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Mini-dose glucagon rescue for mild hypoglycaemia in children with
type 1 diabetes: The Brisbane experience
Mary Hartley, Michael J Thomsett and Andrew M Cotterill

Department of Endocrinology and Diabetes, Mater Children’s Hospital, Brisbane, Queensland, Australia

Objectives: To evaluate the use of small doses of glucagon using an insulin syringe in mild or impending hypoglycaemia in children with type
1 diabetes.
Methods: Data were collected from patients attending the Paediatric Diabetes Clinic at the Queensland Diabetes Centre at theMater Hospital,
Brisbane in 2002–2004 following the institution of a new protocol for home management of mild or impending hypoglycaemia associated with
inability or refusal to take oral carbohydrate. The protocol recommended the use of subcutaneous injections of glucagon using insulin syringes
at a dose of two ‘units’ (20µg) in children 2 years of age or younger, and for older children one unit per year of age up to a maximum of 15 units
(150µg), with an additional doubled dose given if the blood glucose had not increased in 20min.
Results: Over a 2-year period, 25 children were treated with mini-dose glucagon on a total of 38 occasions. Additional doses were required
for recurring hypoglycaemia on 20 (53%) occasions. The child could be managed at home on 32 (84%) of these 38 occasions, with only 6 (16%)
children needing hospital treatment.
Conclusions: Our study confirmed that small doses of glucagon given subcutaneouslywith an insulin syringe is a simple, practical and effective
home treatment of mild or impending hypoglycaemia due to gastroenteritis or food refusal in children with type 1 diabetes.
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Mild or impending hypoglycaemia associated with gastroenteritis or
food refusal is a significant factor in the management of children
and adolescents with type 1 diabetes. Typically these children have
required hospital treatment at the Accident and Emergency (A & E)
Department or admission to hospital, because of concern that severe
hypoglycaemia may ensue with its associated risk of neurological
damage.1

Hypoglycaemiacanbesuccessfullymanagedby theadministration
of glucagon, which acts on the liver to mobilise glycogen stores and
release them into the blood as glucose. Glucagon has traditionally
been given with the syringe accompanying the GlucaGen Hypokit
(NovoNordiskPharmaceuticalsPtyLtd,Sydney,NSW). Thishasa large
needle, which some parents feel reluctant to use on their children.

Key Points

1. Hypoglycaemia in children with DM1 is likely to be an increasing prob-
lem with attempts to improve HbA1C results.

2. Small doses of glucagon deliveredwith an insulin syringe are an effec-
tive treatment for mild or impending hypoglycaemia assocated with
gastroenteritis or food refusal, preventing visits in 84% of occasions.

3. This protocol should be universally adopted by all involved in manag-
ing children and adolescents with DM1.
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In 2001, Haymond and Schreiner2 from Texas Children’s Hospital,
Houston, Texas described the successful use of ‘mini-dose glucagon
rescue’ in these situations. A small dose of subcutaneous glucagon
was administered with an insulin syringe for treatment of hypogly-
caemia associatedwith gastroenteritis. In a group of 28 childrenwith
33 episodes of mild hypoglycaemia associated with gastroenteritis,
they found that the use of mini-dose, subcutaneous glucagon and
regular monitoring of blood glucose levels (BGLs) allowed parents
the option of managing their child at home. In 28 of the 33 episodes
(85%), the child stayed at home. The policy for severe hypoglycaemia
remained as per the manufacturer’s recommendation.

We embarked on a study to try to reproduce the findings of Hay-
mond and Schreiner by incorporating their technique in a new proto-
col on hypoglycaemia (‘hypo’) management.

Methods

In 2003, theQueenslandDiabetesCentre (QDC) at theMaterHospital,
Brisbane provided services for 368 children and adolescents from
1 year to 19 years of age with type 1 diabetes. The 2003 paediatric
clinic population (age< 12 years) was 215, withmean HbA1c 8.6% for
males and 8.6% for females. The adolescent population (12–19 years)
was 153, with mean HbA1c 9.0% for males and 8.6% for females.

Mild hypoglycaemia (‘mild hypo’) was defined as a BGL less than
4mmol/L. If the child was unconscious or convulsing, this was con-
sidered a severe hypoglycaemic event and a different protocol was
used. TheQDCdeveloped aprotocol for use in our paediatric diabetic
population for management of mild hypoglycaemia associated with
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Mild hypo   BGL (blood glucose level) <4.0 mmol/L 

If you can eat ….. 
 
1. Eat rapidly absorbed carbohydrate,

for example: 
5–7 jellybeans 
or 125 mL ordinary soft drink 
or 1 small popper 
 

Then 
 
2. Eat complex carbohydrate (low GI),

for example: 
1 slice bread 
or 1 glass milk 
or 1 piece of fruit 
 

3. Retest BGL in 20 min
If still <4.0 mmol/L  
repeat steps 1 and 2 

 
If you can’t eat ….. 
 
Low dose Glucagon given
subcutaneously with an insulin syringe

1.  Give 1 unit Glucagon per year of
age, i.e. 
2 years = 2 units on insulin syringe
3 years = 3 units on insulin syringe
to 15 years = 15 units maximum

2.  Repeat BGL in 20 min

3.  If BGL still <4.0 mmol/L repeat
Glucagon with double the
previous amount

You can keep Glucagon in the fridge
and re-use within 24 h

Fig. 1 Information poster provided for parents.

illness or food refusal, which followed the guidelines of Haymond and
Schreiner.2

In our new hypo protocol, parents were encouraged at all times
to have in-date glucagon available, stored with insulin syringes and
alcoholwipes.When children experience amild hypo associatedwith
inability to eat or food refusal, parents were instructed to dilute the
glucagon according to package instructions. The glucagon syringe
was then discarded. The dose was drawn up into an insulin syringe
and given by subcutaneous injection. If the patient was less than
2 years of age, the dose was 2 marks on the syringe, equivalent
to 20µg, subsequently referred to as ‘units’. For children aged
2–15 years, thedosewas1unit (10µg) per year of age, to amaximum
of 15 units (150µg). If the BGL remained <4mmol/L after 20min, an-
other injection of glucagonwas given at double the original dose. The
BGL was checked 1- to 2-hourly, and repeat doses of glucagon given
2- to 3-hourly as required. The child was encouraged to have sips
of cordial or diluted lemonade as able. Glucagon can be refrigerated
and re-used for up to 24 h after re-constitution. Parents were able to
contact the Endocrine team doctors for advice, but did not need to
leave home unless they felt further assistance was required.

In 2002, a brochure ‘The Use of Glucagon for Low Blood Glucose
Levels’ was developed in collaboration with a group of parents. Over
the course of several months, the protocol was taught individually
to parents attending the paediatric clinic. A copy was posted with
newsletters, and included in information for new patients. To assist
with information recall, posters and fridge magnets were developed
(See Figure 1).

From2002 toMarch 2004, parents of children attending the paedi-
atric clinic were asked to complete a questionnaire assessing knowl-

edgeof andattitudes toglucagonusage, incidenceof hypos,whether
glucagon had been used in any hypos and if not, the reasons for it
not being used. Questions addressed episodes occurring during the
12months prior to each questionnaire only, so any episodes found to
be outside this time frame were disregarded. Data on glucagon use
were gathered until approximately 18months after the initiation of
the new protocol. There were 121 questionnaires completed before
the protocol change and 123 after. Parents of 39 children responded
to both.

Results

Over a 2-year period, we found that 25 children from 24 families
were treated with mini-dose glucagon rescue, on a total of 38 occa-
sions. Details concerning the patients’ ages, HbA1c levels, number
of treatment episodes, reasons for the hypos and A & E Department
admissions are shown in Table 1. Five received glucagon on two sep-
arate occasions and four on three occasions. During the course of
the sick day, 20 (53%) required more than one dose.

Six childrenpresented to theA&EDepartmentorwereadmitted to
the Hospital. Reasons included continued vomiting (though BGL ad-
equate), ketonuria and in one child persistent hypoglycaemia. In this
child with an inadequate response to glucagon after three doses in
75min, the dose was not doubled after the initial impaired response.
The remaining 32 (84%) were successfully managed at home.

Complications or protocol failures were noted in five instances.
One child, described as big for his age, did not respond as quickly
as anticipated to the prescribed unit/year dose. Three parents com-
mented that the insulin syringe needle seemed blunted or caused
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Table 1 Details of children treated with mini-dose glucagon

No. HbA1c at time of episode: No. hypo episodes treated

Age group children median (range) with mini-dose glucagon Reason for hypo Admission

0–5 years 10 8.1% (7.6%–9.3%) 15 Gastroenteritis 12 2
Other 3

5–10 years 13 8.8% (7.1%–12.5%) 20 Gastroenteritis 15 3
Other 5

10–15 years 2 9.1% (7.7%–10.1%) 3 Gastroenteritis 3 1

Total 25 38 6

some discomfort to their child. One parent noted that glucagon was
in its last month of life, was difficult to mix and seemed to hurt, but
the BGL rise was satisfactory.

Despite minor difficulties in administration, parents expressed re-
lief that they have a further option to enable them to care for their
child at home.

Discussion

The Diabetes Control and Complications Trial3 firmly established the
link between HbA1c and risk of long-term complications in adoles-
cents, but also showed an increased risk of hypoglycaemia with
lower HbA1c levels. Current recommendations by the Australasian
Paediatric Endocrine Group (APEG) are to aim for a HbA1c < 7.5% in
children.4 Our patients had an average HbA1c >8.5% and this has not
improved over the last 4–5 years.5 Attempts to improve this are likely
to increase the risk of all degrees of hypoglycaemia,6 particularly the
very young,7 and to make the scenario of impending hypoglycaemia
associated with inability or refusal to eat increasingly common. A
simple, effective home treatment in this situation would therefore be
very useful.

We have confirmed the efficacy of Haymond and Schreiner’s pro-
tocol2 for mini-dose glucagon administered subcutaneously with an
insulin syringe to treat mild or impending hypos, so decreasing the
need for hospital treatment or admission during such episodes. In
a group of 28 children with 33 episodes of mild hypoglycaemia as-
sociated with gastroenteritis, they found that use of the mini-dose
protocol and regular monitoring of BGLs allowed parents the option
of managing their child at home, without increasing vomiting and
without hospital admission. On 28 episodes (85%), the child could be
managed at home.

After the injection of glucagon, the BGL rose from 3.44±
0.15mmol/L to 8.11± 0.72mmol/L after 30min. In only two children
was it necessary to double the initial dose because the BGL was still
<5.5mmol/L after 30min. Fourteen children required a repeat dose
of glucagon because hypoglycaemia recurred and a third dose was
required in four children. Only five children (15%) required hospital
management, but none of these was for hypoglycaemia.

Over a 2-year period at the QDC, our results were very similar.
The protocol has been well received by parents. There is a need

for some clarification of doses required, but parents are increasingly
able tomanage this aspect of sick day care independently. Often they
did not inform clinic staff about the episode until after the event or
until the next clinic visit. The dose is sometimes not being doubled

when a repeat dose is required. This may have been responsible (at
least in part) for the persistent hypoglycaemia in one patient. The
distribution of posters and fridgemagnets detailing the protocolmay
further increase its successful implementation.

Home management of mild hypoglycaemia associated with gas-
troenteritis or food refusal has obvious time and monetary advan-
tages for hospitals. At the time of our protocol change, the approxi-
mate cost of a day bed at our Hospital was $350–$370. A GlucaGen
Hypokit was available through pharmacies for $23.70 or $3.70 with
a concession card. In addition, the potential for patient and family
satisfaction is substantial, with a decrease in stress and family life
disruption associated with hospital admissions and an increase in
confidence of self-care through successful management of a difficult
problem at home.

Mini-dose glucagon has recently been recommended in these situ-
ationsbyAPEG8 followingthepublicationofHaymondandSchreiner’s
data.2 Our experience, dating back to 2002 in an Australian setting,
strongly supports this recommendation.

Conclusions

Our experience at the QDC at the Mater confirms the usefulness
of the protocol by Haymond and Schreiner2 for use of mini-dose
glucagon to treat mild or impending hypoglycaemia associated with
gastroenteritis or food refusal in diabetic children and adolescents.
It is a simple, practical and effective home treatment of a difficult and
common clinical problem, and we recommend its universal adoption
by those caring for children with type 1 diabetes.

Acknowledgements

WethankNovo-Nordisk for theirassistancewith funding to implement
this protocol. We also thank the staff at the QDC for their help in
developing and implementing the protocol.

References

1 Northam EA, Anderson PJ, Jacobs R et al. Neuropsychological profiles in
children with type 1 diabetes 6 years after disease onset. Diabetes Care
2001; 24: 1541–6.

2 Haymond MW, Schreiner B. Mini-dose glucagon rescue for
hypoglycemia in children with type 1 diabetes. Diabetes Care 2001; 24:
643–5.

110 Journal of Paediatrics and Child Health 42 (2006) 108–111 C© Paediatrics and Child Health Division (Royal Australasian College of Physicians)



M Hartley et al. Mini-dose glucagon rescue for mild hypoglycaemia

3 The DCCT Research Group. Effect of intensive treatment on the
development and progression of long-term complications in adolescents
with insulin-dependent diabetes: diabetes control and complications
trial. J. Pediatr. 1994; 125: 177–88.

4 Australian Clinical Practice Guidelines. Type 1 Diabetes in Children and
Adolescents. National Health and Medical Research Council, Canberra,
2005; 80.

5 Thomsett MJ, Shield GJ, Batch JA, Cotterill AM. How well are we doing?
Metabolic control in patients with diabetes. J. Pediatr. Child Health 1999;
35: 479–82.

6 Bulsara MK, Holman CD, Davis EA, Jones TW. The impact of a decade of
changing treatment on rates of severe hypoglycemia in a
population-based cohort of children with type 1 diabetes. Diabetes Care
2004; 10: 2293–8.

7 Craig ME, Handelsman P, Donaghue KC et al. Predictors of glycaemic
control and hypoglycaemia in children and adolescents with type 1
diabetes from NSW and the ACT.Med. J. Aust. 2002; 5: 235–8.

8 Australian Clinical Practice Guidelines. Type 1 Diabetes in Children
and Adolescents. National Health and Medical Research Council,
2005; 128.

Journal of Paediatrics and Child Health 42 (2006) 108–111 C© Paediatrics and Child Health Division (Royal Australasian College of Physicians) 111


