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Symposium

Hypoglycemia is the most common acute complication of 
insulin therapy in diabetes and the singular factor limiting 
the achievement of euglycemia.1-3 Every year, up to 10% of 
children and adults with type 1 diabetes experience a severe 
hypoglycemic episode associated with marked neurocogni-
tive impairment, coma and/or seizures.4-7 In addition, recur-
rent and severe episodes may be associated with hypoglycemia 
unawareness resulting in increased long-term physical and 
psychosocial morbidity and rarely even death.8-12 This poten-
tially life-threatening condition often requires expensive 
emergency medical treatment (EMT) and/or transport to an 
acute care facility.13 And the marked psychological and emo-
tional stress that accompanies severe episodes may pro-
foundly impact the overall quality of life of patients and their 
families.14,15 Therefore, despite the many advances in insulin 
formulations and delivery devices, hypoglycemia remains a 
significant risk for both acute and long-term complications 
of diabetes.

At present and perhaps into the future, the best approach 
in preventing episodes of severe hypoglycemia is to be cog-
nizant of situations or conditions that increase the risk of 
hypoglycemia and to implement anticipatory prevention 
strategies. Hypoglycemia in individuals with insulin-treated 
diabetes (type 1 and type 2) is caused by relative and/ or 

absolute insulin excess. In the patient with type 1 diabetes, 
this is complicated by a blunted or absent glucagon response 
to hypoglycemia and/or a defective counterregulatory hor-
mone response as a result of hypoglycemia unawareness.16-20 
Young children (< 6 years of age) are most susceptible to 
severe hypoglycemia,5 which in the past was secondary to 
the inability to provide appropriately small doses of insulin. 
This has dramatically improved with the use of insulin 
pumps in this patient population.21 Yet despite the improve-
ment in insulin delivery devices, increased risk for hypogly-
cemia remains a problem that is frequently precipitated by an 
underlying illness, exercise, and, in the very young child, a 
willful refusal to eat.5 Importantly, and regardless of age, ill-
nesses associated with decreased carbohydrate intake 
(including nausea and vomiting) can result in hypoglycemia 
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Type 1 diabetes is a common chronic disease of childhood and one of the most difficult conditions to manage. Advances in 
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in any patient with insulin-treated diabetes.4,21-23 Therefore, 
although consumption of carbohydrate containing fluids is 
the simplest and best mode for preventing hypoglycemia,24 
attempting to give oral carbohydrate to an uncooperative 
child or adult with nausea or vomiting is not ideal.

Currently, there are only 2 alternatives to oral carbohy-
drate management: (1) glucagon therapy or (2) seeking 
medical attention via an EMT, urgent care clinic, or emer-
gency room. Out-of-hospital management is generally pref-
erable for the treatment of mild to moderate hypoglycemia.24 
The mini-dose glucagon regimen was first described in 
200125 and has been internationally accepted for the man-
agement of intercurrent illnesses in children.26 Once hypo-
glycemia is anticipated or documented, glucagon is 
administered in a small subcutaneous bolus by the patient 
or caregiver. By preventing severe hypoglycemia, mini-
dose glucagon treatment provides a means of empowering 
the patient’s family and caregivers to take direct action, 
which may help to reduce emotional distress. In addition, 
this most likely reduces medical care costs by avoiding 
expensive use of emergency medical resources. The regi-
men is well known as a simple and effective tool to manage 
mild hypoglycemia at home and elsewhere in children, yet 
it is largely unrecognized in the treatment of adults on 
exogenous insulin or insulin secretagogue therapy. In this 
brief review we discuss the off-label use of mini-dose glu-
cagon as an important tool in the management of mild to 
moderate hypoglycemia in patients with insulin-treated 
diabetes regardless of age.

Glucagon Discovery and Action

Glucagon was serendipitously discovered in 1923 by Murlin 
et al after a pancreatic extract caused an increase (rather than 
the anticipated fall) in blood sugar.27 Murlin named the sub-
stance “glucagon” because the extract produced a rapid, 
reproducible, but transient rise in blood glucose concentra-
tions. However, it wasn’t until approximately 20 years later 
when the 29 amino acid composition was identified,28 and 
Sutherland et al proposed that glucagon was produced by the 
alpha cells of the pancreas.29 After porcine glucagon was 
purified and crystallized, it became an important treatment 
for insulin-induced hypoglycemia.30 Almost 40 years later, 
recombinant glucagon was approved in 1998 and is widely 
used for the emergency rescue of hypoglycemia in patients 
with diabetes.30-33

Glucagon is now recognized as the primary counterregu-
latory hormone in individuals without diabetes, which 
increases blood glucose at the time of insulin induced hypo-
glycemia by stimulating hepatic glycogenolysis.1,34-36 It is 
secreted by the alpha cells of the pancreas in response to 3 
main stimuli: (1) a decrease in ambient glucose concentra-
tions by a direct effect of low glucose on the alpha cell,37,38 
(2) the removal of the insulin inhibitory effect on the alpha 
cell,39 and less importantly, (3) through stimulation of the 

autonomic nervous system.35 Blood glucose is the most 
potent mediator of glucagon secretion.40

It is also well known that glucagon and insulin are both 
responsible for the regulation and maintenance of normal 
glucose homeostasis.34,41-44 Following a meal, rising glucose 
concentrations stimulate insulin secretion, which suppresses 
hepatic glucose production from glycogen.45,46 As absorption 
decreases and glucose concentrations fall (even below base-
line values), an incremental increase in glucagon stimulates 
glycogenolysis to maintain blood glucose concentrations 
within a narrow and defined range.47 However, the glucagon 
response to hypoglycemia is markedly attenuated in insulin 
deficient individuals—particularly those with type 1 diabe-
tes, and perhaps in advanced type 2 diabetes as well.34

Hypoglycemia and Glucagon Secretion 
in Type 1 Diabetes

The defective glucose regulation in type 1 diabetes is charac-
terized by impairment in beta cell secretion of insulin, super-
imposed on diminished alpha cell responsiveness to 
hypoglycemia.16-19,38 Beta cell destruction in type 1 diabetes 
leads to progressive hyperglycemia resulting from a loss of 
insulin mediated glucose disposal. The intraislet insulin 
hypothesis proposes that beta cell dysfunction is also the 
underlying cause of diminished glucagon secretion and there 
is a fundamental defect in alpha cell sensing for glucagon 
secretion. With the loss of endogenous insulin regulation 
there is absence of the decline in intraislet insulin in response 
to low glucose. Since insulin inhibits glucagon secretion, it is 
proposed that failure of a decrement in intraislet insulin con-
centrations results in persistence of the inhibitory signal on 
the alpha cell which may directly suppress tonic glucagon 
secretion and compromise the counterregulatory response to 
hypoglycemia.48-50

This hypothesis is supported by the reciprocal relation-
ship between insulin and glucagon in individuals with and 
without diabetes. Hyperinsulinemia prevents the glucagon 
response to hypoglycemia.35,48,49 This possibly occurs via the 
persistence of the inhibitory signal on the alpha cell, as insu-
lin stimulation by tolbutamide prevents the glucagon 
response to hypoglycemia.51,52 This mechanism is plausible 
in patients with insulin-treated diabetes. Relative hyperinsu-
linemia is not uncommon during insulin therapy as current 
insulin dosing is based on estimations of carbohydrate intake 
and relative insulin sensitivity (insulin: carbohydrate ratio, 
correction factor, and basal insulin infusion rate) and the 
entry of insulin into the systemic rather than the portal circu-
lation. However, although supportive of the intraislet hypoth-
esis, the presence of hyperinsulinemia does not prove that a 
loss of a decrement in intraislet insulin is the cause of 
impaired alpha cell signaling.

Subsequent studies using diazoxide, an agent which 
decreases insulin secretion, provided more concrete evi-
dence. Individuals without diabetes received oral diazoxide 
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or placebo and subsequently underwent consecutive hyperin-
sulinemic euglycemic and hypogly-cemic clamps. As 
expected, diazoxide decreased insulin secretion (C-peptide 
concentrations) during the hyperin-sulinemic clamp. During 
the hypoglycemic clamp, C-peptide concentrations contin-
ued to fall; but compared to placebo, individuals on diazox-
ide had a smaller decrease in insulin secretion, which was 
associated with a smaller increase in plasma glucagon con-
centrations. Therefore, the compromised glucagon response 
in diazoxide treated individuals presumably resulted from 
the reduced decremental change in C-peptide concentrations, 
that is, reduced intraislet insulin signaling.49 Furthermore, 
the impairment in glucagon responsiveness to low glucose 
progresses as beta cell function declines, and appears to be 
independent of diabetic autonomic neuropathy.39,46,48 
Importantly, the relationship of glucagon to insulin signal-
ing was independent of other hormonal and autonomic 
factors (epinephrine, arginine, and sympathetic tone stimu-
lation), suggesting that there is a specific insulin-signaling 
defect in the alpha cell.8,38 Thus impaired alpha cell respon-
siveness is a likely feature in insulin-treated diabetes, and 
under these circumstances of relative insulin excess, replace-
ment glucagon would provide a physiologic stimulus to 
hypoglycemia.

Glucagon Therapy

Glucagon therapy is the treatment of choice in the manage-
ment of severe hypoglycemia in insulin-treated patients with 
either type 1 or type 2 diabetes, if intravenous glucose is not 
immediately available.24 Recombinant crystalline glucagon 
is available as a lyophilized powder that is mixed with an 
aqueous diluent to a concentration of 1 mg/ml. There are 2 
commercially available glucagon rescue kits in the United 
States: GlucaGen® HypoKit 1 mg (Novo Nordisk®A/S, 
Bagsvaerd, Denmark) and Glucagon Emergency Rescue Kit 
(Eli Lilly and Company, Indianapolis IN, USA ).

Glucagon is a potent and effective agent that can be 
administered intravenously, intramuscularly or subcutane-
ously,25,30,53 but the intramuscular route is generally recom-
mended for the treatment of severe hypoglycemia.31,32 The 
recommended glucagon dosing is weight based: 1 mg for 
adults and children >20 kg and 0.5 mg or 20 to 30 μg/kg for 
children <20 kg, (Eli Lilly product/labeling insert), but the 
evidence for these recommendations is unclear. In normal 
volunteers, a 1 mg injection of glucagon results in a 1.9-3.1 
mmol/l rise in blood glucose within 30 minutes and plasma 
glucagon concentrations of 6000-7000 pg/ml (Eli Lilly prod-
uct/labeling insert). This represents a 100- to 200-fold 
increase in plasma glucagon concentrations above baseline.54 
Of note, the hyperglycemic response to glucagon in insulin-
treated diabetes can be quite variable and may be dependent 
on the circulating insulin concentrations at the time of gluca-
gon administration. Therefore, the insulin: glucagon ratio is 
most likely important and the timing and dosing of the most 

recent insulin injection is a key factor in assessing glucagon 
response.

Glucagon has been used for treatment of hypoglycemia 
for the past 4 decades and has an excellent safety profile.30-32 
The primary side effects of rescue doses of glucagon (0.5 to 
1.0 mg of glucagon) are nausea and vomiting, which have 
been reported to be as high as 80%. Children are at highest 
risk for side effects, and the risk increases with repeat dos-
ing.5 Therefore, rescue doses of glucagon result in side effect 
profiles that make it a more desirable agent in the manage-
ment of milder cases of hypoglycemia.

Mini-Dose Glucagon

Subcutaneous mini-dose glucagon was conceptualized 
because of the observations made during pancreatic clamp 
studies. In these experiments, replacement glucagon doses of 
~7 ng/kg-min resulted in glucagon plasma concentrations of 
~40 to 60 pg/ml and relatively small increases in the gluca-
gon infusion rates could result in a rise in blood glucose con-
centrations.36,42,55 In addition, we rationalized that since 
subcutaneous insulin pump infusion was effective in control-
ling the plasma glucose56-58 a similar argument could be 
made for glucagon.

We first introduced the off-label use of subcutaneous mini-
dose glucagon using a U-100 insulin syringe, in children who 
had impending hypoglycemia secondary to gastroenteritis.25 
Children with gastrointestinal illness and/or poor oral carbo-
hydrate intake with a blood glucose ≤ 4.4 mmol/l were given 
mini-dose glucagon by their caregivers at home. To prepare 
the mini-dose regimen, the crystallized glucagon was recon-
stituted with the provided diluent to 1 mg/ml according to 
pharmaceutical instruct-tions. However, instead of utilizing 
the intramuscular syringe provided, a U-100 insulin syringe 
was used to administer the dose.25,59 Each unit on the U-100 
insulin syringe would represent ~10 μg of glucagon. As 
opposed to the 1 cc syringe and the “large” needle for intra-
muscular injection, caregivers were instructed to use a U-100 
insulin syringe, a device with which they had great experi-
ence, comfort and confidence. We created an age based dos-
ing of glucagon since most caregivers know their child’s age: 
2 “units” (20 μg) for children ≤ 2 years and 1 unit/year for 
children ≥3-15 years (with a maximum dose of 150 μg or “15 
units”). Older patients (adolescents and young adults over 15 
years of age) received a maximum dose of 15 units (150 μg). 
If blood glucose failed to rise over the first 30 minutes, a 
repeat injection was given using twice the initial dose. The 
lowest dose of 2 units was chosen to ensure that a reasonably 
accurate dose of glucagon was actually delivered.

The mini-dose glucagon regimen resulted in an increase 
of 3.3-5 mmol/l within 30 minutes of administration; average 
increase was 4.7 mmol/l (Figure 1). All children continued to 
receive basal insulin dosing as standard sick day manage-
ment and to prevent the development of ketosis for the dura-
tion of their gastrointestinal illness. Over the next 12 to 36 
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hours of their intercurrent illness, a second and third gluca-
gon dose to treat mild or impending was necessary in ~40% 
and 12% of children respectively. In all cases, there was an 
appropriate blood glucose response to the mini-dose gluca-
gon and no patient required repeat dosing within 4 hours of 
the previous dose (Figure 1). Glucagon dosing did not result 
in immediate nausea or vomiting.

The rise in blood glucose after mini-dose glucagon admin-
istration was larger than described in normoglycemic chil-
dren who received glucagon.54 In the normoglycemic 
children who received glucagon 0.03 mg/kg intravenously 
(4-6 times the mini-dose glucagon regimen), the rise in blood 
glucose was only 1-3 mmol/l, 30 minutes after administra-
tion. Although direct comparisons were not made between 
the children with and without diabetes, the blunted response 
in the children without diabetes was most likely the result of 
their increased insulin secretion attenuating the glycogeno-
lytic effect of glucagon.54 In contrast, children with type 1 
diabetes have an absolute insulin deficiency that may result 
in unopposed glucagon action and a greater rise in blood 
glucose.

This mini-dose regimen is currently available to our 
patients and parents to be used as necessary and is part of their 
standard education (Figure 2). The regimen has been recog-
nized nationally and internationally as a safe and reliable tool 
to manage both mild and impending hypoglycemia in the out-
of-hospital setting.25,26,59,60 The International Society for 
Pediatric and Adolescent Diabetes (ISPAD) advises the use of 
mini-dose glucagon for the management of mild hypoglyce-
mia (<3.5-4 mmol/l) when nausea and food refusal are promi-
nent.26 Mini-dose glucagon is also used worldwide by several 
children’s hospitals and organizations; an Internet search for 

mini-dose glucagon returns 15 website links to patient educa-
tion guidelines and materials using this tool.60-75

The mini-dose glucagon mode of administration and dos-
ing has 2 main advantages. First, the subcutaneous injections 
using an insulin syringe are a route with which the patients 
and their caregivers are familiar—which avoids the stress of 

Figure 1. Blood glucose at baseline and 30 minutes after mini-dose glucagon rescue in children with mild or impending hypoglycemia 
(blood glucose < 4.4 mmol/l) associated with gastroenteritis or refusal to eat. Data are means ± SE. 1st, 2nd, and 3rd refer to the first, 
second, and third doses of glucagon given over the course of the children’s episodes. n refers to the number of children receiving the 
dose of glucagon. *P < .01 from a paired Student t test. Reproduced with permission of the American Diabetes Association.25

Mild Hypoglycemia
with vomiting +/-refusal to eat

• Mini-dose Glucagon
• Dilute glucagon to 1mg/ml (per package insert)
• Draw glucagon in an insulin syringe
• Give SC with insulin syringe
• 2 units for ≤ 2years of age
• Then 1unit/year up to 15 units

• Glucose safety check in 15 minutes
• If no response, double glucagon mini-dose

• If persistent hypoglycemia or poor intake
• Consider calling 911
• Consider using full dose glucagon IM
• 1mg (>20kg) or 0.5mg (<20kg)
• Transport to emergency facility

Figure 2. Algorithm for management of mild or impending 
hypoglycemia with gastroenteritis and/or refusal to eat. IM, 
intramuscular; SC, subcutaneous injection.
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using a different syringe and an intramuscular injection. In 
our experience and that of the Brisbane group,59 the mini-
dose regimen may help to alleviate the anxiety associated 
with administering intramuscular injections and would 
encourage anticipatory management to avoid or prevent a 
potentially serious hypoglycemic event.

Second, the mini-dose regimen is effective in a variety of 
out-of-hospital situations. In the Brisbane pediatric series 
from 2002 to 2004, the mini-dose glucagon regimen was 
implemented for the outpatient management of mild or 
impending hypoglycemia in patients with type 1 diabetes 
with an inability or refusal to take oral carbohydrates.59 
Twenty-five children were treated with mini-dose glucagon 
on 38 occasions over the 2 year period. The vast majority of 
cases (~85%) were successfully managed at home and the 
parents “expressed relief” at the additional treatment option. 
Of the 15% of cases (n = 6) that required hospital treatment, 
only 1 child experienced persistent hypoglycemia, but the 
mini-dose glucagon was not doubled as per their study proto-
col and our recommendations.25,59 In the remaining 5 chil-
dren, all had appropriate responses to mini-dose glucagon 
but required in-hospital treatment for continued vomiting 
and/or ketonuria.

Mini-dose glucagon has also proven to be extremely 
effective in the diabetes camp setting where there is increased 
physical activity, and more frequent risk for hypoglycemia 
despite reductions in insulin dosing.76 In this circumstance, 
recurrent hypoglycemia may occur because of ongoing 
effects exercise and increased insulin sensitivity. In a series 
of 220 campers, with an average of 28 hypoglycemic epi-
sodes/week, 5 children were treated for mild hypoglycemia 
(2.4 ± 0.5 mmol/l) with the mini-dose glucagon protocol25 
after attempts at oral carbohydrate resuscitation failed. Blood 
glucose concentrations rose immediately after mini-dose 
glucagon administration and increased by 6.0 ± 0.5 mmol/l 
within 30 minutes. There were no adverse events associated 
with the mini-dose regimen and all 5 campers had complete 
recovery of their mental status changes within 30 minutes of 
receiving the dose. Of note, the regimen may even be a valu-
able adjunct to in-hospital management of mild to moderate 
hypoglycemia77 but is largely unrecognized and /or untaught 
by emergency room personnel and adult endocrinologists. 
Thus, it has not been systematically studied in adults but may 
be of benefit in treating mild hypoglycemia in adults pre-
scribed insulin or insulin secretagogues. Although there are 
no reports of mini-glucagon use in older adults, from our 
clinical experience, the mini-dose regimen is quite effective 
in adolescents and young adults.

Considerations of Mini-Dose Glucagon 
Therapy and Future Treatment 
Options
Currently, glucagon is only available as a crystallized pow-
der that must be reconstituted prior to use. Although 

the mixing process is simple, especially for patients with 
insulin-treated diabetes who are accustomed to mixing and 
dosing insulin, it can be overlooked in situations of panic 
associated with moderate or severe hypoglycemia. Glucagon 
is also an unstable peptide in the aqueous form because it 
dimerizes and is prone to spontaneous amyloid polymeriza-
tion and rapid degradation. Thus, reconstituted glucagon 
should be used immediately and must be discarded within 24 
hours. Significant amyloid formation has been reported to 
occur within 24 hours and is potentially toxic to cells.78-80 
Finally, a 1 mg glucagon emergency kit costs ~$80-100 at 
current prices; therefore frequent use of mini-dose glucagon 
to correct mildly low glucose values could add significant 
financial burden to the disease. Nevertheless, the increased 
cost of glucagon therapy should be considered alongside the 
potential savings from a decline in severe hypoglycemic epi-
sodes requiring emergency treatment.81

Alternative glucagon preparations and diluents, which 
stabilize glucagon, are urgently needed. A stable nonaque-
ous liquid glucagon is in clinical trials at this time (G-Pen 
Mini, Xeris Pharmaceuticals, NCT02081014 Clinicaltrials.
gov). The intranasal powder form of glucagon is another 
alternative because it does not require reconstitution and 
can be easily administered in children and adults.53,82,83 
Side effects of intranasal administration are common and 
include rhinorrhea, sneezing, nasal congestion, watery and/
or itchy eyes, ears or throat.84,85 However, there are limited 
data on the efficacy and use of intranasal glucagon in treat-
ing mild hypoglycemia. At present, a randomized clinical 
trial is ongoing to determine the safety and tolerability of 
intranasal glucagon in children and adults (NCT01997411, 
NCT01994746 Clinical-trials.gov).

Conclusion

Hypoglycemia is a common yet serious event that may be 
associated with significant neurocognitive and physical 
impairment. Mini-dose glucagon is an important therapeu-
tic tool for treating and/or preventing mild or impending 
hypoglycemia in specific situations of relative insulin 
excess. However, glucagon is prone to spontaneous polym-
erization, and ongoing research is focused on identifying 
stable formulations of glucagon that can be safely and eas-
ily administered.
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