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Abstract

Aims Glucagon is used as an emergency drug in hypo-

glycemia, mainly when the patient is unconscious. A few

studies report on ineffectiveness of glucagon in relieving

hypoglycemia. The present systematic review and meta-

analysis evaluate the effectiveness of glucagon alone and in

comparison with dextrose and the effectiveness of intra-

nasal glucagon in comparison with injected glucagon.

Methods Studies were grouped into three groups: (1)

reports on glucagon ineffectiveness; (2) comparison of

glucagon and dextrose; (3) comparison of intranasal glu-

cagon and injected glucagon. In groups 2 and 3, only

controlled studies were included in the analysis, whether

randomized or non-randomized studies. Appropriate

methodology (PRISMA statement) was adhered to, and

publication bias was formally assessed. Sixteen studies,

published in any language as full papers, were analysed to

identify predictors of ineffectiveness, and they were

included in a meta-analysis (random effects model) to

study the effect of different strategies. Intervention effect

(number of failures) was expressed as odds ratio (OR), with

95 % confidence intervals.

Results Failure rate ranged from 0.0 to 2.31 %, to 7.6 %,

to 14.4 %, and to 59 %. Comparing glucagon and dextrose,

the OR was 0.53 (0.20–1.42); comparing intranasal and

intramuscular glucagon, the OR was 1.40 (0.18–10.93).

Heterogeneity was low and not statistically significant.

Publication bias was absent.

Conclusions These data indicate that ineffectiveness of

glucagon is unfrequent, not different from dextrose; in

addition, intranasal and injected glucagon are similarly

effective. In the case of failure, a second dose can be

administered.

Keywords Diabetes mellitus � Hypoglycemia �
Insulin-induced hypoglycemia � Glucagon � Dextrose �
Meta-analysis � Intranasal glucagon

Introduction

Glycemic control is crucial for diabetes, as near-normo-

glycemia prevents or delays microvascular complications

and macrovascular events in both type 1 and type 2 dia-

betes [1–3]. However, hypoglycemia is a common side

effect of glucose-lowering therapy, and severe hypogly-

cemia (SH) is a clinically and economically [4] significant

complication in patients receiving insulin [1–3], limiting

lifetime maintenance of euglycemia in the vast majority of

patients [5].

Approximately, 16–21 % of adults with type 2 diabetes

(T2DM) (3.7–5.1 million) are on insulin therapy [6], and

30–60 % of insulin-treated patients have experienced

symptoms of hypoglycemia. Hypoglycemia is common for

people with type 1 diabetes (T1DM), who suffer an average

of two episodes of symptomatic hypoglycemia per week

and one episode of SH per year [1, 7]. The frequency of SH
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di Milano, Milano, Italy

V. Ceriani

IRCCS Multimedica, Sesto San Giovanni, Milano, Italy

A. E. Pontiroli (&)

Ospedale San Paolo, Via A di Rudinı̀ 8, 20142 Milano, Italy

e-mail: antonio.pontiroli@unimi.it

123

Acta Diabetol (2015) 52:405–412

DOI 10.1007/s00592-014-0665-0



is lower in T2DM [6, 8]; the highest incidence of SH is

observed in patients with intensive insulin treatment,

T1DM or T2DM [9, 10], mainly the elderly [11], with a

different risk of hypoglycemia depending on insulin

administration regimens [12]. As glucose is an obligate

metabolic fuel for the brain [13], prolonged hypoglycemia,

if not managed promptly, can cause irreversible cerebral

damage, seizure, and coma, and in patients with long-

standing diabetes, it may increase cardiovascular and all-

cause mortality [1, 4, 14–18].

During the past 10 years, the incidence of T1DM

increased on average by 2.5–3 % per year worldwide [19]

and so is for the number of patients treated with insulin or

insulin plus oral antidiabetic agents [11, 20], and frequency

of hypoglycemia is also raising [21].

Current guidelines advise that less stringent glycemic

targets may be appropriate for patients with a history of SH

in order to minimize the incidence of additional SH events

[22].

Episodes of asymptomatic and most episodes of symp-

tomatic hypoglycemia can be effectively self-treated by

ingestion of oral carbohydrates [23]; nevertheless, during

SH, patients are unable or unwilling to take carbohydrates

orally, and therefore require assistance from a third party,

through the administration of parenteral glucose or gluca-

gon [13, 22, 24, 25].

Glucagon is a polypeptide produced by the alpha cells in

pancreatic islets [26]. Glucagon modulates glycogen

breakdown in the liver, and glucose uptake [27], thus

increasing plasma glucose concentrations. For this reason,

glucagon is critical to the homeostatic role of the liver

during everyday life (exercise, fasting, and feeding) [28]

and is thought to be the counterregulator of insulin to

achieve a balance of plasma glucose concentration [26].

Intravenous (IV), subcutaneous (SC), and intramuscular

(IM) glucagon are available for various clinical uses, such

as premedication in radiological and endoscopic examin-

ations of the alimentary tract, the insulin stimulation test,

the diagnosis for insulinoma, and the glucagon-insulin

therapy of fulminant hepatitis; its main use is treatment of

mild to severe hypoglycemia. Glucagon, injected by the

subcutaneous (SC) or the intramuscular (IM) route, is the

treatment of choice for severe hypoglycemia outside of the

hospital setting. Clinical studies [29–32] have shown its

effectiveness in yielding a predictable rise in plasma glu-

cose in both healthy volunteers and hypoglycemic patients

in the pre-hospital and hospital setting. The use of gluca-

gon has been reported to be safe and effective also in

diabetic children [33–38], in infants affected by neonatal

hypoglycemia non-responsive to IV dextrose infusions

[39], and, in association with low-dose octreotide, in pre-

venting hypoglycemic episodes in severe congenital

hyperinsulinism [40].

Efficacy of intranasal (IN) glucagon has been proved in

the 1980s [41–43], 2 mg of IN glucagon being as effective

as 1 mg of IM glucagon [44]; the IN route seems to be a

safer method of administration decreasing the hazard of

accidental needle sticks and body fluid exposure [45, 46],

especially in the emergency setting where an IV access

may not always be rapidly achieved and the IM route may

not be desirable. Unfortunately, the IN route is not yet

commercially available.

While effective in most circumstances, glucagon will

not be effective when hepatic glycogen stores are not

sufficient (starvation, adrenal insufficiency, and alcoholic

hypoglycemia) or when liver function is compromised [47–

49]; therefore, efficacy is expected to be reduced when

treating episodes of SH that may arise after prolonged

exercise or inadequate caloric intake or ethanol abuse.

There are, however, reports indicating that glucagon was

not effective, even in the absence of apparent impaired

hepatic glycogen stores (Table 1). MacCuish et al. [50]

showed that only 41 % of 100 consecutive diabetic patients

admitted at the Emergency Department (ED) with insulin-

induced SH responded to IM glucagon, and 59 % required

treatment with IV glucose to recover. In contrast, Mulha-

user et al. [51] reported four cases of failure among 53

diabetic patients treated with IM glucagon in the pre-hos-

pital setting. Similarly, Slama et al. [52] observed a 14 %

‘‘non responder’’ rate among 20 children affected by type 1

diabetes mellitus during incident episodes of severe

hypoglycemia; in experiments with a bi-hormonal artificial

endocrine pancreas, Castle et al. [53] showed that glucagon

administration failed to prevent hypoglycemia in 7 out of

19 episodes in diabetic subjects, and it was observed that

circulating insulin levels at the start of glucagon delivery

were significantly higher in failures compared to successes.

Again, data from the National EMS Information System

(NEMSIS) regarding the pre-hospital EMS response to

diabetic emergencies in the United States indicated that, in

2011, glucagon was administered 18,483 times in runs

listed in the dataset, with 436 times requiring a repeat dose

[54]; the Food and Drug Administration (FDA), and Health

Canada, reported 82 and 8 failures out of a total of 568

reports from 2011 to 2012 and of 20 reports from 1997 to

2012, respectively [55, 56]. Some authors, comparing IM

glucagon to IV dextrose in the pre-hospital settings,

showed a delay in recovering from an hypoglycemic event

with glucagon [57–60], but with a steady increase in blood

glucose [58]; in contrast, dextrose treated patients seemed

to have more fluctuations of blood glucose.

The aim of this systematic review and meta-analysis is

to evaluate studies reporting on failure of glucagon in

relieving hypoglycemia in diabetes mellitus; therefore, we

analyzed frequency of failures in any kind of report; in

addition, we analyzed frequency of failure of glucagon in
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comparison with frequency of failure of dextrose; finally,

we analyzed frequency of failure of intranasal glucagon in

comparison with frequency of failure of glucagon injection

(intramuscular, subcutaneous).

Methods

We considered all studies reporting data on glucose effects

after IM, IV, and IN glucagon in diabetic patients during

hypoglycemia episodes, whatever the duration of the study

and the ethnic group, published as full reports in any

language up to May 2014. A systematic literature search

was conducted using the terms diabetes mellitus, hypo-

glycemia, insulin-induced hypoglycemia, and glucagon,

limiting search to clinical studies and human studies. No

exclusion was applied to studies concerning special popu-

lations, i.e., children or elderly. Measure of efficacy was

the number/percentage of patients/subjects not responding

to glucagon according to criteria pre-defined by the authors

of each paper. All the data are tabulated in Tables 1 and 2.

Sixteen studies fulfilled the inclusion criteria [33, 42, 44,

50–62]. Details of data source and searches, study selec-

tion, data extraction and quality assessment, data synthesis,

Table 1 Observations suggesting reduced efficacy of glucagon Injection

Source Context Observations Failure

rate

(%)

MacCuish [50] 100 consecutive diabetic insulin-treated patients

admitted to ER for SH. glucagon (IV or IM),

if did not regain consciousness in 15 min,

redosed with glucagon

Responded to 1st dose: 40

Responded to 2nd dose: 1

Required treatment with IV

glucose: 59

59

Mulhauser [51] 123 type 1 diabetic patients with SH Treated by relative: 53

(required 2nd dose) 4

7.5

Collier [59] 48 insulin-treated diabetic patients admitted to

ER for SH treated to IV glucose or IV

glucagon

Treated with glucagon: 24

Responded to 1 dose: 21

12.5

Pontiroli [42] 30 patients treated with IM or IN glucagon 1 treated with IN glucagon ? 1

treated with IM glucagon

6.6

Patrick [60] 29 diabetic insulin-treated patients admitted to

hospital for SH treated with IV glucose or IM

glucagon

Treated with glucagon: 15

Responded to 1 dose: 13

13

Slama [52] 20 children at diabetes summer camp treated

with IM or IN glucagon for SH

Treated with glucagon: 7

Responded to 1 dose: 1

14

Howell [58] 14 diabetic insulin-treated patients treated with

IM glucagon and IV glucose during 28

ambulance services

Significant delay in time from

diagnosis to full orientation in

glucagon treated patients

0

Carstens [57] 14 patients with severe insulin-induced

hypoglycaemia randomized to treatment

either with 50 ml of 50 % glucose

intravenously or intramuscular 1 mg

glucagon.

Significant delay in recovery time

for glucagon treated patients

0

Castle [53] 19 episodes of glucagon delivery in 14 type 1

diabetic patients treated with a bi-hormonal

closed loop system

Hypoglycemia occurred in 7

episodes

37

AEs reported to FDA per Adverseevents.com

[55]

568 reports on diabetic patients from 2009 to

2012

Drug ‘‘ineffective’’, hypoglycemia

and loss of consciousness reported

in 37, 33 and 12 cases,

respectively.

14.4

AEs reported to Health Canada [56] 20 reports on diabetic patients from 1997 to

2012

8 reports of ‘‘drug ineffective’’ 40

National EMS Information System

(NEMSIS) regarding pre-hospital EMS

response to diabetic emergencies in the

United States [54]

Number of diabetic runs extrapolated from

database: 916,273

Treated with glucagon: 18,483

(4.37 % of diabetic runs)

Repeated dose: 436

2.36

ER emergency room, SH severe hypoglycemia, IV intravenous, IM intramuscular; AEs adverse events, FDA food and drugs administration, EMS

emergency medical services, and NEMSIS national emergency medical services information system
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and analysis have already been published [12]. Appropriate

methodology according to the preferred reporting items for

systematic reviews and meta-analyses (PRISMA) state-

ment [12] was adhered to, as shown in flow diagram

(Fig. 1).

For each study, the number of subjects evaluated, the

number of subjects with increase in blood glucose (effec-

tive), and the number of subjects with no increase of blood

glucose (failure), with either glucagon or dextrose, are

reported. For each study, the number/percentage of

patients/subjects not responding to glucagon was calcu-

lated. In studies in which both glucagon and glucose were

used, the number/percentage of patients/subjects not

responding to glucagon and to glucose was used to process

the Forest plot using statistical program Stata 12 (Stata

Corporation, College Station, Texas) to assess whether

glucagon was more or less effective than glucose in treat-

ing hypoglycemia. Intervention effect (failure to respond)

was expressed as odds ratio (OR), with 95 % confidence

intervals (CIs). In each treatment group, difference in the

treatment groups (1 for OR) was expressed as point esti-

mates and 95 % CI. To explore the potential effect of

patients or study characteristics on the pooled estimate of

failure, a meta-regression analysis was also planned, taking

into consideration that, since studies in each strategy were

few, the meta-regression was possible only for the whole

series of studies. The dependent variable was failure to

respond from each study. The role of each covariate in

heterogeneity was expressed by Wald test estimated by the

meta-regression. The following covariates were considered

for the meta-regression analysis: age, number of subjects in

the study, and fasting and post-treatment glucose.

Results

Table 2 shows comparative studies reporting any failure of

glucagon in relieving hypoglycemia; Table 2A shows

studies comparing glucagon and dextrose, and Table 2B

shows studies comparing IN glucagon and IM/SC gluca-

gon. Figure 2 shows that the number of subjects failing on

glucagon is not significantly different from the number of

subjects failing on dextrose; one single study showed

superiority of dextrose over glucagon [50], while the other

studies showed similar results. Since the single study was

highly different from the others, [50] a simulation was

made by eliminating this study; Fig. 3 shows that the

efficacy of glucagon was clearly not different from

dextrose.

Figure 4 shows that the number of subjects failing on IN

glucagon is not significantly different from the number of

subjects failing on IM/SC glucagon. Since out of five

studies, only two reported failures, a simulation was made,T
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adding one failure for each arm in the remaining three

studies, and again (Fig. 5) there was no difference between

IN and IM/SC glucagon. Since heterogeneity was low in all

comparisons, and not statistically significant, no meta-

regression was performed. Publication bias was at all

absent.

Discussion

From available evidence, even with limitations such as the

heterogeneity of data obtained in a variety of conditions

that span from controlled studies to registries, it would

appear that lack of efficacy of glucagon has to be consid-

ered. Its real frequency, according to the above reports,

seems to vary from 0.0 to 2.31 %, to 7.6 %, to 14.4 %, and

to percentages as high as 59 % (one study) [50]. With such

a heterogeneity of sources of information and with such a

discrepancy in its frequency, we can only state that lack of

efficacy should be kept in mind when IM, IV, SC, and IN

glucagon are administered; in other terms, one could con-

sider to administer a second dose if other remedies are not

at hand. This is reflected in the product labeling for cur-

rently available injectable glucagon; in the United States it

recommends giving a second dose of glucagon and

informing emergency services if the patient does not

respond within 15 minutes, while in Canada and Europe it

recommends administration of IV glucose if the patient

does not respond within 10 minutes after injecting gluca-

gon. Also, the reasons for these discrepancies are far from

being ascertained; one study was clearly different from the

others, and the high rate of inefficacy of glucagon, together

with the high rate of inefficiency of dextrose, suggests

some form of design flaws. In addition, even though the

majority of studies were performed under standardized

conditions, an error in administrations can not be ruled out.

Intuitively, circulating insulin levels may be of importance,

and this has been shown in ad hoc experiments, in which

insulin levels had been artificially raised [53, 63]; also,

glucagon can be less effective in type 2 diabetes than in

type 1 diabetes simply because glucagon also stimulates

insulin release, especially if a subject with type 2 diabetes

is on sulfonylurea therapy [8]. For the same reason, a

superiority of dextrose over glucagon would be expected in

treating patients with severe insulin-induced hypoglyce-

mia, as reported by some authors [58–60], suggesting that

glucagon may be preferable in non-critical subjects and

Medline, Embase Cochrane and additional sources

Retrieved 
n = 333

Total 
n =  16

Duplicates or Reviews
n =  0

not dealing with 
glucagon *
n = 314

No quantitative data
n = 3

Comparing glucagon 
and glucose
n = 5

Comparing IM and 
IN glucagon 
n = 5

Fig. 1 Flowchart of clinical trials included in the systematic review

and meta-analysis; Asterisk most studies were dealing with glucagon-

like-peptide 1 or with DPP-4 inhibitors and were excluded first;

papers without original data (reviews, meta-analyses, commentaries,

and duplicates) were excluded next; finally, studies without quanti-

tative were excluded

0.37(0.19-0.73) 63.73

1.00(0.13-7.75) 18.43

0.19(0.01-4.24) 8.93

5.80(0.25-132.56) 8.91

(excluded) 0.00

0.53(0.20-1.42)     100.00

MacGuish 1970 

Collier 1987 

Patrick 1990 

Howell 1996 

Shipp 1964

Overall (I-squared = 21.4%, p = 0.282) 

0.00754 1 133

Study ID OR OR (95% C.I) % weight

Studies comparing glucagon and dextrose in the treatment of hypoglycemia

Favours
dextrose

Favours
glucagon

Fig. 2 Meta-analysis of efficacy of glucagon compared to dextrose in

the treatment of hypoglycemia. Vertical line (1) represents no

difference in the groups (OR); square and horizontal line represent

the point estimates and associated 95 % CI for each comparison; the

diamonds represent the pooled effect size, with the center represent-

ing the point estimate and the width representing the associated 95 %

CI

0.00754 1 133Favours
dextrose

Favours
glucagon

Study ID OR OR (95% C.I) % weight

1.00(0.13-7.75) 50.40

0.19(0.01-4.24) 24.80

5.80(0.25-132.56) 24.81

(excluded) 0.00

1.02(0.20-5.30)          100.00

Collier 1987 

Patrick 1990 

Howell 1996 

Shipp 1964

Overall (I-squared = 2.32%, p = 0.313) 

Studies comparing glucagon and dextrose in the treatment of hypoglycemia

Fig. 3 Meta-analysis of efficacy of glucagon compared to dextrose in

the treatment of hypoglycemia. This meta-analysis was a simulation;

one study was intentionally discarded because of inconsistency with

the remaining studies
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when an IV line is unavailable; nevertheless as suggested

by some authors, since glucagon requires endogenous

glucose, it is likely to produce a more predictable rise of

blood glucose levels than when large amount of IV glucose

is used, avoiding hyperglycemic rebounds [58]. Moreover,

in several cases, multiple glucagon injections have been

reported to be effective in managing hypoglycemic patients

in a pre-hospital setting; for instance, Haymond et al. [38]

showed an increase of blood glucose in 14 children non-

responsive to a first administration of glucagon, after a

second or a third injection. This is reminiscent of what has

been observed for adrenaline in asthma children; when a

first dose does not work, it is likely that a second dose

might work [64].

The crucial question remains: is dextrose superior to

glucagon? Table 2 and Fig. 2 show that, even considering

the study by McCuish [50], the effect is not statistically

different clearly indicating that glucagon and dextrose are

similar in their effect in raising blood glucose levels.

However, injection of glucagon is not an easy maneuver; it

has been reported that relatives or caregivers can be too

anxious to inject, or that they do not know how to proceed

[51]. From this standpoint, IN glucagon might be a pro-

gress in overcoming hypoglycemia, easy to administer

either as a self-treatment or given by a relative or caregiver.
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