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Hypoglycemia has been a barrier to A1C attainment in
people with diabetes (1). It is well known that a glucocentric
approach with intensive control reduces microvascular
complications, but at what cost? Worse clinical outcomes,
increased risk of severe hypoglycemia, and heavier treat-
ment burden can result from aggressive efforts to lower A1C
(2). People with diabetes also tend to experience more stress
as a result of fear of hypoglycemia, higher costs of care, and
increased prevalence of polypharmacy—especially for
those with type 2 diabetes of longer duration. New medi-
cation classes (e.g., sodium–glucose cotransporter 2 in-
hibitors and glucagon-like peptide 1 receptor agonists) are
providing impetus for replacing the glucocentric treat-
ment paradigm with an individualized multifactorial ap-
proach (2).

Traditional glucagon kits have long been available for the
ambulatory treatment of patients with hypoglycemia.
However, these kits have disadvantages. Their complicated
multistep injection procedure can be difficult to perform.
Additionally, the use of glucagon must be taught to the
family members, friends, or caregivers because it is ad-
ministered by someone else when a person with diabetes is
unconscious or otherwise incapacitated by severe hypo-
glycemia (3). For these reasons, glucagon is undertaught
and underutilized (3).

Two new glucagon formulations offer potentially easier
delivery. The purpose of this article is to review all avail-
able glucagon formulations, discussing the associated lit-
erature and possible new directions for the treatment of
hypoglycemia.

Consequences and Treatment of Hypoglycemia

The American Diabetes Association has adopted a three-
level classification of hypoglycemia. Level 1 is a glucose
concentration ,70 and $54 mg/dL; level 2 is glucose ,54

mg/dL; and level 3 is defined as a severe event characterized
by altered mental and/or physical status requiring assis-
tance (1). Symptoms include dizziness, shakiness, sweating,
intense hunger or thirst, irritability, and anxiety.

Although many patients experience symptoms, possible
impaired counterregulatory responses necessitate adher-
ence to glucose concentrations as clinical indicators. Pa-
tients may adopt behaviors to avoid hypoglycemia in the
short term; however, frequent hypoglycemia over the long
term can have significant consequences (1). Young children
with type 1 diabetes and elderly people with diabetes may
have reduced recognizable symptoms and are particularly
vulnerable (4,5). A history of level 3 hypoglycemia in older
adults with type 2 diabetes may be correlated with in-
creased dementia risk (4). Thus, fear of hypoglycemia can
be a significant barrier to the attainment of glycemic
targets.

Hypoglycemia treatment involves the ingestion of fast-
acting carbohydrates when blood glucose is #70 mg/dL
(1). Although pure glucose is the preferred treatment, any
carbohydrate form containing glucose will suffice. For
unconscious patients and those unable to ingest oral glu-
cose, glucagon in the ambulatory setting or intravenous (IV)
glucose or dextrose in the hospital setting is indicated.

Traditional Glucagon Kits

The two traditional glucagon kits available in the United
States are the Glucagon Emergency Kit (Eli Lilly) and the
GlucaGen HypoKit (Novo Nordisk). Both were approved by
the U.S. Food and Drug Administration (FDA) in 1998 for
severe hypoglycemia, with no age limitations (6,7). They are
structurally identical to the 29–amino acid human gluca-
gon, with no clinically significant difference in terms of
pharmacology, efficacy, or safety (8).
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Whether given intramuscularly or subcutaneously, plasma
glucose concentrations should increase within ~10 minutes.
The dose for adults and childrenweighing.55 lb (.6 years
of age if weight is unknown) is 1 mg, reconstituted with the
1 mL diluent included in the kit. The dose is 0.5 mg for
children ,55 lb or ,6 years of age. Glucagon should be
administered immediately after reconstitution, and oral
carbohydrate should be given after the patient regains
consciousness and is able to swallow. Medical help should
be sought if the patient does not respond to glucagon, with
IV glucose or dextrose administered as soon as possible (8).

Both kits have instructions on the case. A brightly colored
case contains a vial of glucagon powder and a prefilled
syringe to provide a 1-mg/1-mL injection. Each kit includes
specific directions (9). The user breaks off the plastic cap
from the vial, and the diluent is injected into the vial. The
contents are shaken until the reconstituted solution is clear
and void of particulate matter. The solution is then drawn
into the syringe and immediately injected into the un-
conscious patient’s thigh or abdomen. The patient is rolled
over onto his or her side during recovery in case of
vomiting.

Glucagon is contraindicated for people with a known hy-
persensitivity or pheochromocytoma, which could cause
secondary hypoglycemia from catecholamine release after
glucagon administration (6,7). The adverse reactions most
often reported with glucagon have been nausea and
vomiting. Glucagon given extraneously can interact with
b-blockers (leading to increased pulse and blood pressure),
indomethacin (possibly rendering the glucagon unable to
raise blood glucose levels), anticholinergics (causing in-
creased gastrointestinal side effects), and warfarin (possibly
increasing its anticoagulant effect) (6,7).

New FDA-Approved Formulations

Nasal Glucagon

Baqsimi Nasal Powder (Eli Lilly) is a nasal glucagon for-
mulation that was approved by the FDAon 25 July 2019. It is a
fixed dosage of 3 mg for the treatment of severe hypogly-
cemia in individuals who are $4 years of age (10). The
portable, dry nasal spray needs no reconstitution or priming.
This product can be stored at temperatures up to 86°F.

Longer-molecule hormones such as glucagon need a
promoter (e.g., b-cyclodextrin plus dodecylphosphocho-
line) for intranasal administration (11).The bioavailability of
intranasal glucagon generally is less than that of the tra-
ditional formulations, resulting in lower peak plasma
concentrations. However, the clinical efficacy of intranasal
glucagon is comparable to that of injectable formulations.

The nasal powder is dispensed ready to use in a single-dose
dispenser (12). Instructions are printed on the shrink-wrapped
tube label.The tip is inserted into one nostril and the plunger
is pressed all the way until the green line is no longer
showing. Inhalation is not required. A response should occur
within 15 minutes. If no response occurs, an additional 3-mg
dose from another dispenser may be administered. Re-
gardless of response, emergency medical services should be
called immediately after dose administration. Oral carbo-
hydrates should be given when the patient responds.

Contraindications, warnings, precautions, and drug inter-
actions are the same as with the traditionally available kits.
The most common adverse reactions include nausea,
vomiting, headache, upper respiratory tract irritation, wa-
tery eyes, redness of eyes, and itchy nose, throat, and eyes
(12). Of note, one study compared the efficacy of the nasal
powder in patients with nasal congestion and after recovery
from cold symptoms and found no difference in blood
glucagon or glucose concentrations, even before and after
giving a nasal decongestant (13).

Two noninferiority clinical studies were conducted in adult
patients, both as randomized, multicenter, open-label,
crossover trials comparing a 3-mg dose of the nasal for-
mulation with a 1-mg dose of glucagon for injection (14,15).
The first study included 70 adults with type 1 diabetes, and
the second included 83 adults with either type 1 or type 2
diabetes. Both groups achieved 100% treatment success in
the first study, and, in the second study, success levels were
98.8 and 100% for intranasal administration and injection,
respectively. Treatment success was defined as an increase
in plasma glucose levels to $70 mg/dL or an increase
of $20 mg/dL in plasma glucose from the nadir within 30
minutes of glucagon administration.

A total of 48 children and adolescents with type 1 diabetes
ranging in age from 4 to 17 years were evaluated in one
multicenter trial (16). After hypoglycemia was induced, chil-
dren aged 4–8 years and those aged 8–12 years were ran-
domized to receive either 2 or 3 mg at the first visit and the
alternative dose at the second visit. Weight-based injectable
glucagon was used as the comparator. For participants who
were 12–17 years of age, 1 mg intramuscular glucagon and 3mg
intranasal glucagonwere given in alternate visits.The primary
outcome, an increase in glucose levels of $25 mg/dL from
nadir,was achieved in all groups within 30 minutes of dosing,
with no statistically significant differences among groups.

Liquid-Stable Glucagon

The Gvoke HypoPen (Xeris Pharmaceuticals) is a liquid-
stable formulation (delivered via autoinjector) that was
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approved on 10 September 2019 for the treatment of severe
hypoglycemia (17). Gvoke PFS, a prefilled syringe containing
the same liquid glucagon formulation, was approved si-
multaneously. Both are approved for pediatric and adult
patients with diabetes who are $2 years of age.

The main problem in the past with developing a stable
liquid formulation that does not have to be mixed before
administration was that amyloid-like fibrils form in
aqueous solution (18). Both Gvoke formulations use a native
human glucagon protein dissolved in an aprotic polar
solvent, dimethyl sulfoxide (DMSO). Other FDA-approved
injectable medications have used DMSO to promote stable
liquid formulations (19).

Dose administration is weight dependent for pediatric
patients aged 2 to ,12 years (17). For those ,45 kg, the
recommended dose is 0.5 mg/0.1 mL. For those whose
weight is $45 kg, the recommended dose is 1 mg/0.2 mL.

These products come packaged in a foil pouch with in-
structions. Before administration, the autoinjector or pre-
filled syringe should be inspected to ensure that the solution
is clear and colorless and free of particulate matter. Injection
with the autoinjector is intended to be similar to using an
EpiPen, which injects when pressed against the body (17).
Both products require subcutaneous injection in the lower
abdomen, outer thigh, or upper arm. Emergency services
should be contacted immediately after administration, and
oral carbohydrates should be given when the patient is re-
sponsive. If response does not occur within 15 minutes, an
additional dose from a new dispenser may be delivered.

Contraindications, warnings, precautions, and drug inter-
actions are the same as with traditional kits, with one ex-
ception.The package inserts note that a skin rash, known as
necrolytic migratory erythema, has been reported but is
resolved with glucagon discontinuation (20). The most
common adverse reactions for adults include nausea,
vomiting, and injection site edema; hypoglycemia, head-
ache, abdominal pain, hyperglycemia, injection site reac-
tions, and urticaria additionally have been reported for
pediatric patients. Drug interactions are similar to those of
other glucagon products.

Clinical studies leading to FDA approval included two
multicenter crossover trials with adults and one with pe-
diatric participants, all with type 1 diabetes (20–22).The two
studies in adults involved a total of 161 patients aged 18–74
years with two clinic visits 7 to 28 days apart. Random
assignment of either the autoinjector or a traditional glu-
cagon kit was administered on alternate clinic visits for
patients with a mean plasma glucose manipulated to,45.2
mg/dL. Treatment success, as the primary end point, was

defined as mean plasma glucose increased to.70 mg/dL or
a relative increase of $20 mg/dL 30 minutes after glucagon
administration. Treatment success rates were 98.7 and
100%, respectively, in the autoinjector and traditional
glucagon kit groups and demonstrated noninferiority for
the auto-injector. The median times to blood glucose ele-
vation for treatment success were 13.8 and 10 minutes,
respectively. In the study that included 31 pediatric patients,
those who were 2–12 years of age were given a 0.5-mg dose,
and those who were .12 years of age received 1 mg (or
0.5 mg, depending on weight). All pediatric patients were
given the autoinjector and achieved a plasma glucose in-
crease of $25 mg/dL.

Advantages and Disadvantages of the New Formulations

As previously mentioned, fear of hypoglycemia is a signif-
icant barrier to achieving therapeutic A1C targets (23). Hy-
poglycemia symptoms can be uncomfortable and can lead to
death inworse-case scenarios. Patients often adopt behaviors
to avoid hypoglycemia. In older adults, especially those with
frequent hypoglycemia, it can lead to substantial compli-
cations (24). Lowered adaptive physiologic responses to hy-
poglycemia can be accompanied by cognitive and functional
loss over time. Thus, the availability of more ways to use
glucagon as a counteractive measure to hypoglycemia may
be of benefit for people with diabetes (10,17).

Simulation studies have compared the ease of use and
patient and caregiver perceptions of traditional glucagon
kits versus nasal and autoinjector formulations. One study
comparing the nasal formulation to a traditional glucagon
kit found that 90 and 13% of caregivers delivered full doses
with the nasal and traditional formulations, respectively
(25). A usability study with adult caregivers and first re-
sponders experienced with glucagon administration was
also completed. Whereas 88% administered the auto-
injector glucagon successfully, only 31% were successful
with a traditional glucagon kit (26). Another study used
telephone interviews to qualitatively compare nasal- versus
autoinjector-delivered (27). Patients, caregivers, and ac-
quaintances commented favorably regarding nasal gluca-
gon, noting that that it appeared easy to carry and use,
lacked a needle, and did not require removal of clothing
and that others would most likely feel comfortable using it.
Overall, the new glucagon formulations appear acceptable
by patients and may offer improved ease of use compared
with traditional injections.

New Directions for Therapy

Two mechanisms for developing stable, aqueous glucagon
formulations are being studied: 1) using amino acid
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substitution in comparison with native glucagon and 2)
using biochaperones (polymers, oligomers, and organic
compounds) that form a complex with glucagon (18). Both
methods protect against degradation and fibril formation.
Dasiglucagon is an analog with seven substituted amino
acids. The autoinjector and prefilled syringe for this in-
vestigatory agent currently uses a DMSO solvent for sta-
bilization, as previously described, and other biochaperones
are being studied (8).

Tight glycemic control reduces the risk of long-term mi-
crovascular complications of diabetes. However, attaining
such control carries an increased risk of levels 1–3 hypo-
glycemic episodes. Even with levels 1 and 2, oral carbohy-
drate intake can be prohibitive when a patient is unwilling to
ingest carbohydrates or unable to do so because of vomiting
or nausea. Mini-dose glucagon,which involves giving a small
dose of glucagon to raise blood glucose, has been used as an
approach for such cases. The amount of glucagon used in
this strategy is 1 unit per year of patient age. Blood glucose
should be checked every 15 minutes, and the mini-dose
should be repeated if blood glucose has not started to rise
after 15 minutes or has not risen to .80 mg/dL within 30
minutes. Mini-dose glucagon has been studied for hypo-
glycemia in children and adults with type 1 diabetes and to
prevent exercise-related hypoglycemia (28–30). The advan-
tages of using mini-dose glucagon are that patients and
caregivers are already familiar with syringes and that this
approach could reduce patients’ fear of hypoglycemia.
However, the price of glucagon dosing may be a disadvan-
tage that could necessitate a novel formulation for wide-
spread use of mini-dosing in the future (18).

Conclusion

New nasal and liquid-stable glucagon formulations offer
the potential to optimize treatment during hypoglycemia
episodes when patients are unresponsive or cannot ingest
oral carbohydrates.
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