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REVIEW

Abstract
Hypoglycaemia is a complication associated with the 
management of both type 1 and type 2 diabetes. 
Despite newer technologies to help minimize the risk of 
hypoglycaemia, it remains a barrier for some patients 
to achieve optimal glycaemic control. In this review, the 
definitions and risk factors for hypoglycaemia will be briefly 
discussed and an in-depth review of the management for 
a conscious or unconscious patient in the outpatient and 
inpatient settings is provided. Rapid-acting glucose is the 
preferred treatment for a conscious patient regardless of the 
setting. For an unconscious patient, glucagon is preferred if 
the patient does not have intravenous (IV) access and dextrose 

can be used for patients with IV access. Until recently, there 
was only one formulation of glucagon, which had limitations 
due to the multiple steps required for reconstitution prior 
to administration in an emergency setting. This review also 
discusses the different glucagon formulations currently 
available for the management of hypoglycaemia.
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Introduction
Hypoglycaemia is a scary and potentially life-threatening 
complication associated with diabetes management. It is 
a major limiting factor for the management of both type 
1 diabetes (T1D) and type 2 diabetes (T2D), which could 
potentially interfere with the patient’s ability to achieve 
control of their diabetes.1 The PANORAMA study found that, 
for patients with T2D, experiencing any severe or non-severe 
hypoglycaemia episode strongly predicted further fear and 
worry of hypoglycaemia.2 A systemic review evaluating 
patients with T1D found a significant positive association 
between hypoglycaemia and negative psychological 
outcomes, which ranged from a greater fear of hypoglycaemia 
for both severe and self-treated hypoglycaemia to diabetes 
distress and reduced general emotional well-being  
6–24 months following episodes of severe hypoglycaemia.3 
Balancing glycaemic control to reduce the risk of microvascular 
disease and minimizing the risk for hypoglycaemia is an 
important element for the safe and effective management 
of diabetes. Intensive insulin therapy is often associated with 
hypoglycaemic events; however, there are also high-risk 
oral medications used in T2D management associated with 
hypoglycaemia (sulfonylureas, meglitinides). It is estimated 

that patients with T1D experience severe hypoglycaemia 
approximately once a year with an average of two to three 
episodes of symptomatic hypoglycaemia per week.4 Reported 
episodes of severe hypoglycaemia in T1D range from 115 to 
320 per 100 patient years and range from 35 to 70 per 100 
patient-years for T2D.5 Despite significant advances in diabetes 
management to help reduce the incidence of hypoglycaemia, 
such as continuous glucose monitoring (CGM), individualized 
patient glycaemic goals and new agents for T2D with minimal 
risk of hypoglycaemia, the risk of hypoglycaemia is still 
present. Although individual patient risk factors and different 
medication regimens are associated with varying risks of 
hypoglycaemia, occurrence and risk should be assessed at each 
follow-up appointment. If hypoglycaemia occurs, action should 
be taken to mitigate future risk.

Hypoglycaemia is reversed with either rapid-acting glucose or 
glucagon. The American Diabetes Association (ADA) Standards 
of Care recommends oral glucose as the preferred treatment 
for all conscious patients with hypoglycaemia, defined as blood 
glucose <70 mg/dL (3.9 mmol/L). It also states that individuals 
who are at risk for significant hypoglycaemia, defined as 
blood glucose <54 mg/dL (3.0 mmol/L), should be prescribed 
glucagon to have readily available if needed. In addition to 
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educating the patient regarding use and administration of 
glucagon, an emphasis should be placed on the importance of 
education to caregivers, school personnel, or family members 
in case the patient develops neuroglycopenic symptoms and 
requires assistance.1

Prior to 2019, there was only one formulation for glucagon 
available. Since 2019, there have been easier to use, more  
stable formulations of glucagon that are now available 
in varying dosage forms and administration routes.6–10 
The purpose of this article is to review the risk factors, 
symptoms, management, and prevention of hypoglycaemia. 
Specifically, provide an updated review for the management 
of hypoglycaemia in a conscious and unconscious patient, 
describe the recommendations in the community setting 
compared to an inpatient setting, and describe the different 
glucagon products available.

Methods
A PubMed search was performed with Clinical Queries through 
September 21, 2021, using the key term “hypoglycemia”. The 
search strategy included meta-analyses, randomized controlled 
trials, clinical trials, observational studies and reviews. The 
search was restricted to English literature.

Review
Definition of hypoglycaemia
The classification of hypoglycaemia varies slightly across 
diabetes organizations as does the definition of hypoglycaemia 
used in clinical trials. In some instances, hypoglycaemia is 
defined strictly on the plasma blood glucose value whilst, in 
others, it is driven by the severity of symptoms the patient 
experiences or the level of care needed to address the 
hypoglycaemic episode (e.g. requiring emergency medical 
service or hospitalization). The variation has posed challenges 
when comparing the safety and tolerability of various 
medication regimens across clinical trials. In response, the 
International Hypoglycaemia Study Group was formed to 
standardize and validate the definition of hypoglycaemia and 
to raise awareness on the importance of hypoglycaemia and 
its effects on clinicians’ ability to effectively manage diabetes. 
Their proposed criteria (Table 1) have been adopted by the 
ADA, the European Association for the Study of Diabetes and 
the European Medicines Agency. These definitions have since 
been validated in a series of clinical trials and will be referenced 
for this review.11

Even in the absence of symptoms, a blood glucose 
concentration of <70 mg/dL (3.9 mmol/L) should be considered 
of clinical significance as this is the recognized threshold that 
elicits a neuroendocrine response. At level 2 hypoglycaemia 
(blood glucose concentration <54 mg/dL; 3.0 mmol/L), 
neuroglycopenic symptoms (e.g. confusion, sensation of 
warmth, weakness or fatigue, impaired cognition) begin 

to occur and require prompt treatment. Finally, a level 3 
hypoglycaemic event is defined not by any blood glucose 
concentration value but by physical or mental symptoms 
severe enough to require assistance from another person.1,11

It should be noted that there is a range of symptoms associated 
with hypoglycaemia and the degree at which patients may 
notice symptoms is specific for each person. Common symptoms 
include hunger, fatigue, shakiness, dizziness, confusion, 
irritability and diaphoresis. Severe consequences include loss of 
consciousness, seizure, coma or even death. Hypoglycaemia can 
be particularly problematic in patients who experience an onset 
of neuroglycopenia before the onset of autonomic warning 
symptoms, which is known as hypoglycaemia unawareness. 
Hypoglycaemia unawareness occurs in up to 40% of patients 
with T1D and is more common in patients with long-standing 
diabetes, advanced age, history of frequent hypoglycaemic 
episodes and intense medication regimens.12 Conversely, some 
patients may instead experience symptoms of hypoglycaemia 
despite blood glucose concentrations well above 70 mg/dL 
(3.9 mmol/L). These episodes are most often noted in patients 
with sustained high baseline blood glucose concentration and 
hypoglycaemia symptoms present as blood glucose normalizes. 
These episodes are not associated with neuroglycopenia and do 
not pose risks of patient harm.

Risk factors for hypoglycaemia
Risk factors for non-severe hypoglycaemia are difficult to 
quantify due to inadequate reporting from patients as non-
severe hypoglycaemia is often self-managed. Nevertheless, 
a fairly consistent predictor of hypoglycaemic risk in both 
T1D and T2D is a history of a prior severe or non-severe 
hypoglycaemic episode.13–15 In two US claims-based studies, 
a history of hypoglycaemia was strongly associated with an 
additional episode of hypoglycaemia, requiring an escalation of 
care upon recurrence.16,17

With increasing age, noticeable symptoms of hypoglycaemia 
may become less evident or manifest differently.15,18 Older 
patients may be at a higher risk due to alterations in the 
counterregulatory response to hypoglycaemic events, where 

Table 1. Classification of hypoglycaemia.

 Glycaemic criteria or scenario 

Level 1 Blood glucose <70 mg/dL (3.9 mmol/L)  
and ≥54 mg/dL (3.0 mmol/L) 

Level 2 Blood glucose <54 mg/dL (3.0 mmol/L) 

Level 3 A hypoglycaemic event accompanied  
by altered mental status and/or that 
requires physical assistance for treatment 
of hypoglycaemia 

Adapted from the American Diabetes Association.1
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glucagon and epinephrine responses are diminished during 
mild hypoglycaemia.19 Lifestyle factors also play an important 
role in hypoglycaemia amongst T1D and T2D and across 
paediatric, adolescent and adult populations. Delayed eating, 
fewer carbohydrate-containing meals and snacks, skipped 
meals, and an increase in exercise patterns or higher intensity 
exercise can result in a decrease of blood glucose concentration 
that can also potentiate hypoglycaemia.15,20–22

Medication use for the treatment of both T1D and T2D 
can increase the risk of hypoglycaemia. Insulin and insulin 
secretagogues, such as sulfonylureas and meglitinides, 
pose the highest risk. Of the sulfonylureas, those with 
a longer half-life and active metabolites are associated 
with the highest risk (glyburide, 21.3%). In the presence of 
additional factors, such as renal impairment and advanced 
age, even the sulfonylureas thought to pose less risk can 
still result in serious, even potentially fatal, hypoglycaemic 
consequences (glipizide, 3.4%; glimepiride, 4–19.7%).23,24 
All insulin types have the potential to cause hypoglycaemia 
but some forms may pose a greater risk. As compared to 
the insulin analogues glargine and detemir, NPH (isophane) 
insulin and pre-mixed insulins have been associated with 
higher rates of hypoglycaemia (67% hypoglycaemia; 5.1% 
severe hypoglycaemia).23,25–29 Similar rates of hypoglycaemia 
are described with regular, short-acting insulins, which are 
more dangerous than the rapid-acting insulin analogues, 
such as lispro, aspart and glulisine, as it relates to 
hypoglycaemia.23,30,31 Medication-related hypoglycaemia 
risk is a modifiable risk factor to a certain extent, but does 
pose additional challenges in patients with T1D, where 
insulin regimens are required. Side effects or cost of other 
medications that do not pose hypoglycaemic risk may also 
prove to be a barrier when considering alternate medication 
regimens.

Additional risk factors that have been noted include 
hypoglycaemia unawareness, longer duration of diabetes 
and a higher comorbidity burden, particularly chronic kidney 
disease.13,32–34

Management for an alert patient
The comprehensive management of hypoglycaemia  
(Figure 1) is first dependent on the mental status of 
the patient. In the case of an alert patient, fast-acting 
carbohydrates are the mainstay for treatment of a 
hypoglycaemic event and should be initiated at any blood 
glucose concentration ≤70 mg/dL (3.9 mmol/L). There are 
hundreds of forms of fast-acting carbohydrates and sugars 
that can be used to effectively manage hypoglycaemia. In 
one systematic review and meta-analysis, the blood glucose 
response to various types of dietary sugars, including sucrose, 
fructose, orange juice, jelly beans, Mentos, corn-starch 
hydrolysate, skittles and milk, was compared to that induced 
by glucose tablets. There was no difference in the comparison 
of individual outcomes. However, in the pooled analysis 

of all dietary sugars compared to glucose tablets, a higher 
proportion of patients experienced relief of a hypoglycaemic 
episode with glucose tablets (RR 0.89, 95% CI 0.83–0.96).35 
These results suggest that glucose tablets infer greater 
symptom resolution and should be the preferred treatment 
option, when available.

Few studies have evaluated the appropriate dose of 
carbohydrate to treat a hypoglycaemic episode. For adults,  
15 g of fast-acting carbohydrates (e.g. 3–4 glucose tablets,  
4 ounces of juice or non-diet soda, 1 tablespoon of sugar,  
6–8 hard candies) is commonly recommended by practitioners 
to treat a hypoglycaemic episode in a conscious patient. After 
15 minutes, the blood glucose concentration should be re-tested 
and the 15 g of carbohydrate repeated, if necessary, until the 
blood glucose concentration is >70 mg/dL (3.9 mmol/L). There 
are data to suggest that higher doses of carbohydrates (e.g. 20 g) 
and potentially a weight-based approach of 0.3 g/kg may be 
more effective at resolving hypoglycaemia.36,37

For children, data extrapolated from adult trials suggests  
that a dose of 0.3 g/kg should result in a similar increase  
in blood glucose.22 A randomized trial of children  
(aged 8–12 years) with T1D evaluated the effect on blood 
glucose when hypoglycaemic children were administered 
0.3 g/kg of glucose tablets, orange juice, jelly beans or sugar 
mints. The study found that this dose effectively resolved 
hypoglycaemia in most children though those treated with 
jelly beans had the slowest glycaemic response.38 Similar to 
adults, the blood glucose concentration should be retested 
after 15 minutes, and the dose of carbohydrates repeated 
until blood glucose is >70 mg/dL (3.9 mmol/L).22 Patients  
and/or their parents or caregivers should be counselled on 
the importance of recognizing early hypoglycaemia signs and 
symptoms and how to appropriately treat in a timely manner. 
Whilst pure glucose is the preferred treatment option, any 
glucose-containing carbohydrate is a reasonable treatment 
option. Patients should be counselled to avoid treatment 
with foods high in fat or protein content until blood glucose 
returns to >70 mg/dL (3.9 mmol/L) as these can impair the 
blood glucose response. Once the blood glucose returns to 
normal a meal or snack is recommended to prevent blood 
glucose from decreasing again.1

Management for an unconscious 
ambulatory patient
Glucagon is the first-line and only approved treatment  
for severe hypoglycaemia in a person out of the hospital  
with impaired consciousness who is unable to administer  
fast-acting carbohydrates orally. Glucagon is a 29-amino  
acid chain peptide secreted by the α-cells of the pancreas.  
It is an important counterregulatory hormone to the insulin 
that stimulates hepatic glycogenolysis and gluconeogenesis, 
which raises blood glucose concentrations.6–10,39 Recently, 
additional glucagon options have been approved, including 
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a new glucagon analogue, a stable glucagon solution and a 
formulation available for intranasal administration (Table 2).

In general, glucagon has a rapid onset of action and has been 
shown to correct hypoglycaemia in about 10–20 minutes and 
is similar between formulations and routes of administration. 
It is well tolerated though nausea and vomiting are the most 
commonly reported adverse events with all the formulations. 
All glucagon formulations are contraindicated in patients with 
known hypersensitivity, pheochromocytoma or insulinoma.6–10

After glucagon is administered, emergency medical services 
should be contacted as soon as possible, and the unconscious 
patient should be turned on their side to reduce the risk of 
choking or aspiration if vomiting occurs. If the patient does not 

respond after 15 minutes and emergency medical services have 
not arrived, another dose of glucagon should be administered. 
Once the patient is awake and able to swallow, they should take 
fast-acting glucose and then, similar to the conscious patient, 
eat a meal or snack to prevent recurrent hypoglycaemia.6–10

Injectable glucagon
Reconstituted glucagon
Reconstituted glucagons for injection (GlucaGen® HypoKit® and 
Glucagon Emergency Kit) are similar formulations of glucagon 
that are unstable in an aqueous solution. These are supplied as 
a lyophilized powder and a diluent in a prefilled syringe, which 
requires reconstitution prior to administration.7,8,40 Both can be 

Figure 1. Hypoglycaemia management.

Blood glucose <70 mg/dL 
(3.9 mmol/L)

Patient awake, alert 
and able to eat/drink 
by mouth?

Administer oral fast-
acting glucosea

IV access?

Yes No

YesNo

Administer IV
dextrosec 

Administer
glucagonb 

Recheck point-of-care glucose 15 min after treatment; if
glucose <70 mg/dL (3.9 mmol/L), then repeat treatment

pathway starting back at box A   

A

aOralfast-acting glucose:
•
•

•

•
•

•
•

Adults and children ≥50 kg: 15–20 g 
Children <50kg: 0.3 g/kg/dose

bGlucagon emergency kit: 
Adults and children ≥20 kg: 1 mg 
Children <20 kg: 0.5 mg
Refer to Table 2 for glucagon dosing with other products

cIV dextrose:
Adults and children ≥50 kg: 12.5–15 g of 10–50% dextrose 
Children <50 kg: 0.2–0.5 g/kg of 10–20% dextrose

Data taken from refs.1,8,22,35-38,53-63
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Table 2. Available glucagon products.6–10

Generic name 
(proprietary 
name)

Reconstituted glucagon Glucagon 
solution
(Gvoke™)

Dasiglucagon
(Zegalogue®)

Intranasal 
glucagon 
(Baqsimi™) 

Glucagen® Glucagon 
emergency kit

Approved age All ages ≥2 years ≥6 years ≥4 years 

Route IM, SubQ, IVa SubQ SubQ Intranasal 

Age or weight- 
based dose 
adjustments 

Yes Yes No No 

Dosage 0.5 mg, 1 mg 0.5 mg, 1 mg 0.6 mg 3 mg 

Administration <25 kg or <6 years 
of unknown weight:
•  0.5 mg; repeat 

after 15 minutes 
if no response 
using a new kit

≥25 kg or ≥6 years 
of unknown weight:
•  1 mg; repeat 

after 15 minutes 
if no response 
using a new kit 

<20 kg:
•  0.5 mg; repeat 

after 15 minutes 
if no response 
using a new kit

≥20 kg:
•  1 mg; repeat 

after 15 minutes 
if no response 
using  
a new kit 

<45 kg or <12 
years:
•  0.5 mg; repeat 

after 15 
minutes  
if no response 
using new  
device

≥45 kg or ≥12 
years
•  1 mg; repeat 

after 15 
minutes if no 
response using 
new device 

0.6 mg injection; 
repeat after 15 
minutes if no 
response using new 
device 

One actuation 
of the intranasal 
device into one 
nostril; if no 
response, repeat in 
15 minutes using a 
new device 

Storage •  20–25°C in the original package away 
from light; do not freeze

•  Once reconstituted, use immediately 

•  20–25°C in 
the original 
package away 
from light

•  Do not expose 
to extreme 
temperatures 

•  Store in the 
refrigerator at 
2–8°C, although 
may be stored 
at room 
temperature, 
20–25°C for up to 
12 months

•  Do not return to 
refrigerator after 
storing at room 
temperature

•  Protect from light 
in a protective 
case and do not 
freeze 

Up to 30°C in the 
shrink-wrapped 
tube provided 

How supplied Kit containing 1-mg 
single-dose vial of 
glucagon and one 
prefilled syringe 
containing sterile 
water 

Kit containing 
1-mg glucagon 
for injection in a 
single-dose vial 
and one prefilled 
syringe containing 
diluent 

Single-dose 
auto-injector or 
prefilled syringe 
containing either 
0.5 mg/0.1 mL 
or 1 mg/0.2 mL 
solution 

Single-dose auto-
injector or prefilled 
syringe containing 
0.6 mg/0.6 mL 
solution

Baqsimi one pack 
(one intranasal 
device)
Baqsimi two pack 
(two intranasal 
devices) 

aOnly under medical supervision.
IM, intramuscular; IV, intravenous; SubQ, subcutaneous.
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stored at room temperature up to 2 years from the manufacture 
date if not reconstituted, though once reconstituted it needs 
to be used immediately.7,8 This was the only available glucagon 
product for many years, though use was limited due to the 
multiple steps required during an emergency, including dosing 
(based on weight and age), preparation (reconstituting and 
drawing up the solution accurately) and administration. Several 
studies have shown a low rate of full and accurate intramuscular 
(IM) dosing by caregivers and family members despite training. 
One simulation study had only 13% of caregivers and 0% of 
acquaintances administer the full dose of glucagon.41 Another 
evaluated 136 parents and found that, despite over 85% of 
them receiving previous training by a diabetes educator or 
specialist, 69% had difficulties with the kit, which ranged from 
opening the container to drawing up the correct dose, and 
4% did not administer any glucagon due to only water or air 
being injected.42 Despite difficulty with use, when administered 
correctly, treatment response was quick, with increases in plasma 
glucose observed within 10 minutes after administration, and this 
is the standard of care to which newer agents are compared.7,8

Stable glucagon (reconstitution not required)
Glucagon solution Glucagon solution by auto-injection 
(Gvoke HypoPen™) and prefilled syringe (Gvoke™ PFS) is a 
liquid stable, non-aqueous formulation of native glucagon. 
It is stabilized in a dimethyl sulfoxide-based solvent that 
allows it to remain at room temperature for up to 2 years 
after the date of manufacture.9,43 The auto-injector glucagon 
solution can be administered in a few simple steps. This device 
allows for decreased drug preparation times compared to 
reconstituted glucagon (0.79 minutes for glucagon solution 
versus 1.76 minutes for reconstituted glucagon (p<0.001)); 
however, once injected, time to resolution of hypoglycaemia 
is similar between products (15.69 minutes for glucagon 
solution versus 15.32 for reconstituted glucagon).9,44 Results 
from a comparative usability study showed that 88% (14/16) 
of participants were able to successfully administer the 
glucagon autoinjector solution compared with only 31% (5/16) 
of participants administering the reconstituted glucagon 
(p<0.05).45 In a phase III non-inferiority study, 99.2% of 
participants in the glucagon autoinjector group versus 100% 
of participants in the reconstituted glucagon group met the 
primary endpoint of plasma glucose >70 mg/dL (3.9 mmol/L) 
or an increase of ≥20 mg/dL (1.1 mmol/L) within 30 minutes 
after study drug administration, proving non-inferiority for the 
glucagon autoinjector device.44

Dasiglucagon Dasiglucagon (Zegalogue®) is available 
as both an autoinjector and prefilled syringe. It is a stable 
soluble peptide analogue of human glucagon consisting of 29 
amino acids with 7 amino acid substitutions relative to native 
glucagon, which improves its chemical and physical stability. 
It is meant to be stored in the refrigerator but can be safely 
stored at room temperature for up to 12 months.10,46 In a 
randomized, double blind, placebo-controlled trial comparing 
dasiglucagon 0.6 mg with glucagon 1 mg and placebo, the 

median time to plasma glucose recovery (defined as an increase 
in serum glucose by ≥20 mg/dL (1.1 mmol/L) from baseline) was 
similar between medications and significantly better compared 
to placebo (10 minutes with dasiglucagon versus 12 minutes 
with glucagon versus 40 minutes with placebo).47 Similar results 
were found when dasiglucagon was studied in paediatric and 
adolescent patients aged between 6 and 17 years with T1D.48

Non-injectable glucagon
Intranasal glucagon
Intranasal glucagon (Baqsimi™) is the first needle-free glucagon 
option for the treatment of severe hypoglycaemia in patients 
aged 4 years and older. Intranasal glucagon is absorbed through 
the nasal mucosa and the dose does not need to be inhaled.6 
Nasal congestion or the use of a nasal decongestant did not 
significantly impact the pharmacokinetic or pharmacodynamic 
parameters.6,49 This can be stored at room temperature for up 
to 2 years from the manufacture date and must remain in the 
shrink-wrap tube.6 After administering the intranasal glucagon 
3 mg dose, blood glucose increases within 5 minutes and 
peak plasma concentration is reached within 15–20 minutes 
for adults and children above 4 years of age.6,50,51 Intranasal 
glucagon was found to be non-inferior to IM glucagon in the 
comparison studies for both paediatric and adult patients, with 
successful treatment in over 98% of hypoglycaemic events. 
In the paediatric study, 58 of 59 (98.3%) patients receiving 
intranasal glucagon achieved treatment success, defined by 
a ≥25 mg/dL (1.4 mmol/L) increase in plasma glucose within 
20 minutes after administration of glucagon.50 In an adult 
comparison trial, 74 of 75 (98.7%) patients receiving intranasal 
glucagon achieved treatment success, which was defined as an 
increase of ≥20 mg/dL (1.1 mmol/L) from glucose nadir or an 
increase in plasma glucose ≥70 mg/dL (3.9 mmol/L) within  
30 minutes of receiving glucagon.51

Inpatient management
In hospitalized adult patients, hypoglycaemia is associated 
with an increase in both short-term and long-term mortality.52 
Hypoglycaemia can be seen in hospitalized patients with 
or without diabetes and is a consequence of dysregulated 
metabolism and/or diabetes treatment. Due to the potentially 
severe and life-threatening nature of hypoglycaemia, it is 
imperative to initiate treatment as soon as it is identified. 
Hypoglycaemia management protocols should be 
implemented within each hospital or hospital system and 
should detail prevention and treatment plans.53 These 
protocols should be nurse-driven and standardized to ensure 
prompt evidence-based care is provided to all patients at risk of 
hypoglycaemia. Additionally, protocol development should be 
interdisciplinary and include, at minimum, physicians, nurses, 
pharmacists and diabetes educators.

Hypoglycaemia management for hospitalized children and 
adolescents follows a similar treatment algorithm to adults 
with the primary difference being weight-based dosing for 
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children. The initial management of hypoglycaemia in a 
hospitalized patient depends on the severity of hypoglycaemia, 
whether the patient has intravenous (IV) access, and if they 
can take food and/or drink by mouth. If the patient is alert/
oriented/responsive and taking food/drink by mouth, they 
should be administered oral fast-acting carbohydrates as 
described in the previous section (15–20 g for adults ≥50 kg; 
0.3 g/kg for children <50 kg).53 If a patient is unresponsive, has 
neuroglycopenic symptoms, or is unable/unwilling to take food 
or drink by mouth, they must be treated with either IV dextrose 
or glucagon. Dextrose is preferred for those with IV access as 
glucagon is more costly, can cause nausea and vomiting, which 
would be dangerous in an unconscious or altered patient, and 
will not be as effective in patients with depleted glycogen 
stores.54–56 A few studies from the late 80s and early 90s 
compared IV dextrose with IM glucagon in adults and found 
that blood glucose response was quicker with IV dextrose once 
the treatment had been administered, though the time to 
obtain an IV line is not accounted for.57–59

For adults, any IV dextrose concentration from 10% to 50% can 
be used for hypoglycaemia treatment. Higher concentrations 
of dextrose (25% or 50% solutions) are more irritating to the 
veins when administered peripherally and extravasation 
can cause tissue necrosis. Lower concentrations of dextrose 
(10–15% solutions) are less irritating to the veins; however, it 
would require a larger volume and may put certain patients 
(i.e. those with congestive heart failure, renal failure) at risk for 
volume overload.54,60 A randomized controlled trial comparing 
IV dextrose 10% (D10W) with 50% (D50W) in patients with 
hypoglycaemia treated by paramedics out of hospital, there 
was no difference in median time to recovery (8 minutes) or 
in median post-treatment Glasgow Coma Scores between 
groups. Although the patients in the D10W group received 
significantly less IV dextrose overall compared with the D50W 
group and post-treatment blood glucose levels were also 
significantly lower with D10W. This study suggests that D10 
may have a lower risk of overshooting hyperglycaemia.61 
Dextrose concentrations <10% should be avoided for acute 
hypoglycaemia treatment as the volume required for an 
adequate dose is too large and may lead to delays in treatment. 
Typically, a starting bolus dose of 12.5–15 g of IV dextrose 
(equivalent to 25–30 mL of D50W or 125–150 mL of D10W) is 
recommended and can be administered by slow IV push over 
3–5 minutes. Should the treatment need to be repeated due to 
continued hypoglycaemia, higher doses of 25 g can be used. 
In rare cases, continuous dextrose infusions may be needed, 
especially if a patient has severe hypoglycaemia secondary 
to excess basal insulin or use of a sulfonylurea. Overtreating 
hypoglycaemia risks rebound hyperglycaemia, which can cause 
endogenous insulin secretion and recurrent hypoglycaemia.62

If a patient requires non-oral treatment for hypoglycaemia when 
IV access is not already established, then glucagon must be 
used until IV access can be obtained. A single dose of glucagon 
1 mg should be administered, either IM or subcutaneously 

(SQ), and the patient should be turned on their side to prevent 
aspiration in case the medication induces vomiting.63 Both 
routes of administration are comparable and will result in a 
similar increase in blood sugar concentration. Maximum plasma 
concentrations of glucagon after the IM injection occurs on 
average about 7 minutes sooner compared with SQ injections.7–9

For children, treatment of hypoglycaemia using dextrose 
concentrations >20% are typically avoided due to the risk 
for extravasation and tissue necrosis (when administered 
peripherally). The recommend initial bolus dose of dextrose 
10–20% is 0.2–0.5 g/kg (max dose: 25 g).22 Similar to adults, IM 
or SQ glucagon should be used in children when IV access has 
not yet been established. The dose of glucagon depends on the 
device being used though, for the reconstituted formulations, 
children <20–25 kg should be administered 0.5 mg and those 
weighing above that should be given 1 mg.7,8 See Table 2 for 
paediatric dosing of various glucagon formulations.

Regardless of the treatment administered, blood glucose 
should be rechecked within 15 minutes and, if it is still  
<70 mg/dL (3.9 mmol/L), then the treatment should be 
repeated until blood sugar is >70 mg/dL (3.9 mmol/L) and 
stable. Once the patient is no longer hypoglycaemic, the cause 
of the event should be determined, and appropriate changes 
must be made. If the event was caused secondary to insulin, 
then the basal and/or bolus insulin doses should be decreased 
based on the time of day when the event occurred. If a patient 
was administered oral diabetes medications with a high risk for 
causing hypoglycaemia such as sulfonylureas or meglitinides, 
then they should be held for the remainder of their admission 
or until their risk of hypoglycaemia has diminished.63,64

Prevention/patient education
Minimizing risk and preventing episodes of hypoglycaemia 
is an important part of diabetes management and ensuring 
quality of life for the patient. Assessing a patient’s overall risk 
for hypoglycaemia and mitigating any modifiable risk factors 
should be a part of the decision process when determining 
a treatment plan for a patient. When medications associated 
with hypoglycaemia risk are prescribed, patients and their 
caregivers should be counselled on the signs and symptoms, 
treatment strategies to raise blood glucose quickly, and the 
balance between the medication with diet and exercise. 
Patients should also be aware of situations that can increase 
the risk of hypoglycaemia such as fasting or delay in meals, 
alcohol and intense exercise.1 At each appointment, episodes 
of hypoglycaemia, the glucose level at the time of the event, 
symptoms associated with hypoglycaemia and how it was 
treated should be assessed. High-risk medications should be 
adjusted or discontinued, if possible, based on glucose patterns 
to balance minimizing overall risk with optimal glycaemic 
control.65 Where there is a compelling need to minimize 
hypoglycaemia, the ADA preferentially recommends the use of 
dipeptidyl peptidase 4 (DPP4) inhibitors, glucagon-like peptide 
1 (GLP1) receptor agonists, sodium–glucose cotransporter  
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requires extensive patient education to ensure it is being used 
safely and effectively.

Conclusion
Hypoglycaemia is a potentially life-threatening medical 
emergency that can occur when managing T1D and T2D. Despite 
ways to mitigate the overall risk of hypoglycaemia, such as 
adjusting glycaemic goals, choosing medications with lower risk 
of hypoglycaemia when possible, and utilizing CGM technology, 
unfortunately for some patients, that is not enough. At each 
follow-up appointment, a patient’s overall hypoglycaemic risk 
should be assessed and appropriate counselling should be 
provided. All patients at high risk for hypoglycaemia should have 
glucagon available. Prior to prescribing a glucagon product, 
a discussion should take place to determine the preferred 
glucagon formulation based on device and administration 
to ensure timely treatment of a hypoglycaemic event. Family 
members, friends and caregivers should know where the 
glucagon is stored and how to administer this in the event of an 
emergency in the outpatient, community setting. For inpatient 
management, all hospitals should have a detailed protocol, 
developed by an interdisciplinary team, to allow for prompt 
management of a hypoglycaemic emergency.

2 (SGLT2) inhibitors, and/or thiazolidinediones over insulin 
agents or sulfonylureas.

For high-risk patients, either due to non-modifiable risk factors 
or the need for medications associated with hypoglycaemia, 
adjusting blood glucose and A1c goals should be considered 
to ensure patient safety. For patients at high risk, frequent self-
monitoring of blood glucose or CGM is essential to help identify 
patterns and quickly adjust regimens. The ADA Standards of 
Care recommend that CGM devices be considered for any 
patient with diabetes that requires insulin management. There 
are two general categories of CGM devices, those that display 
glucose levels continuously (real-time CGM) and those that only 
display glucose readings when scanned (intermittently scanned 
CGM).66 Significant reductions in hypoglycaemia are seen in 
adults with T1D using either multiple daily insulin injections 
or insulin pump devices. These studies have shown that 
real-time CGM devices are particularly useful in T1D patients 
with hypoglycaemia unawareness or frequent hypoglycaemic 
episodes.67–69 The data for hypoglycaemia reduction in 
patients with T2D are less robust, though one study using an 
intermittently scanned CGM device showed that patients with 
T2D on a variety of insulin regimens spent 43% less time in the 
hypoglycaemic range.70 Any patient prescribed a CGM device 

Key practice points
•   Hypoglycaemia is considered a medical emergency and needs immediate treatment 
•   Level 1 hypoglycaemia is defined as a blood glucose <70 mg/dL (3.9 mmol/L); level 2 hypoglycaemia is defined as  

<54 mg/dL (3.0 mmol/L); and level 3 hypoglycaemia is defined as any event accompanied by altered mental status or  
the need for assistance in hypoglycaemia treatment 

•   Risk factors for hypoglycaemia may include older age, longer duration of diabetes, irregular eating patterns, and use of 
certain medications such as insulin products and sulfonylureas 

•   Alert patient management: 15 g of fast-acting carbohydrates (e.g. 3–4 glucose tablets, 4 ounces of juice or non-diet 
soda, 1 tablespoon of sugar, 6–8 hard candies) 

•   Unconscious patient management: glucagon (no IV access) or dextrose (for inpatient with IV access) 
•   All patients: after 15 minutes, if the patient is not responsive or blood glucose is not >70 mg/dL (3.9 mmol/L), repeat with 

the initial treatment 
•   Once the patient is conscious and blood glucose is >70 mg/dL (3.9 mmol/L), patient should eat a meal or snack to help 

maintain blood glucose 
•   All patients at high risk for hypoglycaemia should have glucagon available; product device and administration should be 

discussed to determine preferred glucagon product 
•   Medication options with lower risk of hypoglycaemia should be utilized, where appropriate, in patients with recurrent 

hypoglycaemia
•   Continuous glucose monitoring devices should be considered for any patient with diabetes that requires insulin 

management to help achieve A1C treatment goals and reduce episodes of hypoglycaemia
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