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RESPONSE TO COMMENT ON RICKELS ET AL.

Intranasal Glucagon for Treatment of
Insulin-Induced Hypoglycemia in Adults
With Type 1 Diabetes: A Randomized
Crossover Noninferiority Study. Diabetes
Care 2016;39:264-270
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We thank Munoz et al. (1) for the oppor-
tunity to provide additional rationale
for the study design and interpretation
of the data supporting the noninferior-
ity of intranasal glucagon for treatment
of insulin-induced hypoglycemia. Our
study (2) was not designed to test re-
covery from severe hypoglycemia but
rather recovery from insulin-induced
hypoglycemia that ethically may only
be produced under the controlled con-
ditions available in a clinical research
center. Intranasal glucagon was effec-
tive in correcting insulin-induced hypo-
glycemia, and when considering only
those subjects with nadir glucose
concentrations <50 mg/dL, the average
time to achieving a glucose concentra-
tion of 70 mg/dL or a 20 mg/dL increase
was 16 min compared with 13 min with
intramuscular glucagon (2). We make
no claims that intranasal glucagon and
intramuscular glucagon are “equally” ef-
fective. The noninferiority margin of 10%
was chosen on the basis of the data for
glucagon injection in a simulated emer-
gency study where 10% of participants
(parents of children and adolescents

with type 1 diabetes) entirely failed to
administer the injectable glucagon
product (3). Despite the preplan-
ned noninferiority margin of 10%,
the one-sided 97.5% Cl was 4%, with
only 1 of 75 participants failing to
achieve a glucose concentration of
70 mg/dL or a 20 mg/dL increase by
30 min with intranasal glucagon (2).
Although there is always a certain de-
gree of arbitrariness in selecting a non-
inferiority margin as well as statistical
power in planning a study, once the
study has concluded, it is the Cl that
provides the precision of the point
estimate that is important for inter-
preting the results. We believe that
physicians will accept a possible 4% less
efficacy for the ease of bystander admin-
istration of the intranasal glucagon prep-
aration. In a more recent simulated
emergency study, 94% of trained care-
givers of insulin-using persons adminis-
tered intranasal glucagon correctly,
compared with only 50% for intramus-
cular glucagon, and, more importantly,
93% of untrained acquaintances admin-
istered intranasal glucagon correctly,
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compared with a mere 20% for intra-
muscular glucagon (4). An outpatient
study of the use of intranasal versus
intramuscular glucagon for treatment of
severe hypoglycemia in patients with
type 1 diabetes is ongoing (ClinicalTrials.
gov: NCT02171130). The appropriate use
of glucagon in the treatment of severe
hypoglycemia is to raise the glucose con-
centration sufficiently to restore cognition
to the point where oral carbohydrate can
be ingested. At 15 min following adminis-
tration, the mean = SD glucose had in-
creased from a nadir 44 = 8 to 71 =
15 mg/dL with intranasal glucagon, and
from 47 + 8 to 82 * 19 mg/dL with in-
tramuscular glucagon; at 20 min following
intranasal glucagon the glucose was 85 *=
18 mg/dL. The average 3-min pharmaco-
dynamic lag with intranasal versus intra-
muscular glucagon seen in our adult
cohort (2) would be offset clinically by
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the 2-min preparation lag with intramus-
cular versus intranasal glucagon assum-
ing both products are successfully
administered (4). Importantly, this
pharmacodynamic delay was not seen
in a parallel study of intranasal versus
intramuscular glucagon in children
aged 4-16 years with type 1 diabetes
where all 24 intramuscular and 58 of
59 intranasal glucagon administrations
produced a =25 mg/dL increase in glu-
cose from nadir within 20 min of dosing
(5). Because use of intramuscular gluca-
gon is error prone and often omitted in
practice, intranasal glucagon can be ex-
pected to have a substantial beneficial
impact on the treatment of severe
hypoglycemia.
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