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Abstract

Background Although glucagon use in beta blocker toxicity has been recommended for many years, evidence for its safety
and efficacy in humans is limited. This study aims to determine the magnitude of effect of glucagon on heart rate (HR) and
systolic blood pressure (SBP) in patients with suspected beta blocker toxicity and describe potential adverse effects of the
medication.

Methods We conducted a retrospective, multi-center case series of patients greater than 12 years of age who received
glucagon for suspected beta blocker toxicity. The primary outcome was the mean difference in HR from immediately pre- to
20-minutes post-glucagon administration. Secondary outcomes included the median difference in SBP, and occurrence of
nausea, vomiting, and hyperglycemia.

Results A total of 107 patients met inclusion criteria accounting for 144 glucagon orders. The mean difference in HR from
pre- to post-glucagon administration was 4 bpm + 10.6 (95% CI [2.25-5.76], p <0.001). The median difference (IQR) in SBP
was 4.5 (— 6 to 16) mmHg (p =0.004). Similar increases were observed when patients receiving concomitant vasopressors
were excluded. A total of nine glucagon administrations (6.3%) were associated with nausea and 14 (9.7%) with vomiting;
however, 52 doses (36.1%) were administered concomitantly with antiemetic medications. Fifteen administrations (10.4%)
were associated with hyperglycemia.

Conclusion Glucagon administration was associated with a statistically significant increase in HR, but a small absolute dif-
ference of uncertain clinical significance. A similar observation was noted for SBP. Few patients experienced adverse events.
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Introduction

Glucagon is a hormone produced in pancreatic cells that
stimulates glycogen breakdown to increase the body’s cir-
culating glucose serum drug concentrations when under
stress. While glucagon’s traditional use is for correction of
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hypoglycemia, the drug is also known for its cardiovascular
effects. Under normal physiologic circumstances, binding of
catecholamines to cardiac beta receptors activates G, excita-
tory proteins that increase heart rate (HR) and contractil-
ity. In the setting of beta blocker toxicity, beta receptors are
antagonized. Administration of glucagon, which also has
cardiac receptors coupled to G, proteins, can restore HR
and contractility through an alternative pathway. Although
its use in beta blocker toxicity has been recommended for
many years, evidence supporting glucagon’s efficacy has
been limited to animal trials and case reports [1, 2].

A systematic literature review in 2003 evaluated the exist-
ing evidence on glucagon use in beta blocker and calcium
channel blocker overdose. Only five controlled studies of
beta blocker overdose in animal subjects were identified,
each including between 5 and 10 subjects. No controlled
studies were found in humans through the comprehensive
literature search. Overall, animal models of propranolol
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overdose showed a consistent increase in HR with no effect
on mean arterial pressure after glucagon administration. Its
impact on survival is unclear; however, a single study did
find an increase in survival rate of 83% in dogs who received
a glucagon bolus and infusion [3].

Several case reports exist in humans suggesting that
glucagon increases heart rate and blood pressure following
beta blocker overdose [4—12]. The largest case series, by
Love et al., evaluated nine cases of drug-induced sympto-
matic bradycardia in which patients received IV glucagon
after atropine failure. Patients received between 1 and 10 mg
of intravenous glucagon as a bolus dose, which was followed
by an infusion of 3—6 mg/h in six of the nine patients. Sev-
eral cases involved overdose with multiple concomitant
medications; however, glucagon’s impacts were positive
overall. HR improved in all but one case, and by greater
than 11 beats per minute (bpm) in six cases. Systolic blood
pressure (SBP) increased by 19 to 83 mmHg in eight of the
nine patients. Nausea, vomiting, and hyperglycemia are all
potential side effects of glucagon administration in this set-
ting; however, none were reported in the case series [12].

Based on the above evidence, bolus doses ranging
between 3 and 15 mg followed by continuous infusion of
1-15 mg/h titrated to hemodynamic response have been sug-
gested for the treatment of beta blocker overdose in various
primary and tertiary references [1, 2, 13, 14]. This study
aims to determine the magnitude of effect of glucagon on
HR and SBP in patients with suspected beta blocker tox-
icity, as well as describe potential adverse effects of the
medication.

Methods
Study Design

We conducted a retrospective, multi-center case series of
patients within our health system, which consists of five
hospitals, four suburban community hospitals ranging from
318 to 182 beds and one suburban, independent academic
medical center with 923 beds, located across Northern VA
and contains a total of 1936 licensed beds. The study was
approved by the Western Institutional Review Board with
waiver of informed consent due to its retrospective design.

Study Protocol

This study included patients greater than 12 years of age
who received glucagon for beta blocker toxicity between
January 1, 2013 and December 31, 2020. Patients with
inadequate documentation of vital signs, inaccessible
charts, and those who received atropine concomitantly or
in the 5 minutes prior to glucagon administration were
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excluded. A Web Intelligence (WebI®) report was used to
identify patients who received glucagon, and further nar-
rowed using ICD-10 codes related to beta blocker toxic-
ity or expected cardiovascular effects (e.g., bradycardia).
Provider notes were then reviewed in the electronic health
record (Epic®) to verify that glucagon was used for sus-
pected beta blocker toxicity. One investigator (AMS) was
responsible for this process, and the first 20 charts were
reviewed by a second investigator (LAL) for integrity. If
at any time the investigator responsible for this process
(AMS) was uncertain whether a case was appropriate for
inclusion, a second review was performed by the second
investigator (LAL) who made the final determination.
Data collected from the electronic health record included
(1) demographic information such as age, gender, and
weight; (2) information regarding the toxicologic emer-
gency, including number and type of substances involved,
other medications used for treatment of beta blocker tox-
icity (e.g., high-dose insulin, atropine, vasopressors, fluid
boluses, lipid emulsion), whether toxicity was suspected or
confirmed, and if the overdose was intentional; (3) infor-
mation on glucagon dosage including timing, dose, and/
or administration rate; (4) vital signs including HR and
SBP pre- and 20-minutes post-glucagon administration;
and (5) information related to glucagon side effects such
as blood glucose at 20-minutes post-glucagon administra-
tion and documentation of nausea, vomiting, or antiemetic
use. Given glucagon’s onset of approximately 20 minutes,
bolus doses given within 20 minutes of each other were
evaluated as a single dose [15]. All data points were deter-
mined a priori and collected using a standardized form.

Outcomes

The primary outcome was the mean difference in HR from
immediately pre- to 20-minutes post-glucagon administra-
tion. Secondary outcomes included median difference in
SBP from immediately pre- to 20-minutes post-glucagon
administration, occurrence of nausea and vomiting, and
occurrence of hyperglycemia. Nausea and vomiting were
defined as documentation of nausea and vomiting in the
medical record or administration of an antiemetic follow-
ing glucagon. Hyperglycemia was defined as an increase in
blood glucose to greater than or equal to 180 mg/dL while
receiving glucagon in patients not receiving concomitant
insulin and/or dextrose. The percentage of patients whose
bradycardia and SBP improved post-glucagon administration
were also examined as secondary outcomes. Based on exist-
ing case reports, improvement in bradycardia was defined as
an increase in heart rate by greater than or equal to 10 bpm,
and improvement in SBP was defined as an increase by
greater than or equal to 20 mmHg.
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Statistical Analysis

Means and standard deviations were reported for normally
distributed continuous variables; medians and interquar-
tile ranges (IQRs) otherwise. Kolmogorov—Smirnov and
Shapiro—Wilk tests were performed to test for normality,
which showed normal distribution for HR and non-normal
distribution for SBP. Therefore, a two-sided paired z-test
was used to evaluate the mean difference in heart rate for
the primary endpoint, and the median difference in sys-
tolic blood pressure was evaluated as a secondary endpoint
using a Wilcoxon signed-rank test. The remaining second-
ary outcomes are reported only as descriptive statistics. A
pre-specified sensitivity analysis was conducted for out-
comes related to heart rate and blood pressure to assess
for confounding secondary to administration of vasopres-
sors. Statistical analyses were performed using IBM SPSS
Statistics for Windows, version 27 (IBM Corp., Armonk,
NY, USA).

Upon examination of our result data, multiple unan-
ticipated confounding factors were noted. Approximately
52% of patients received suboptimal doses of glucagon;
therefore, a post-hoc subgroup analysis was completed to
compare the primary outcome for patients who received
a glucagon bolus of 1-2 mg and those who received the
recommended dose of 3—5 mg. Doses greater than 5 mg
were not analyzed as a subgroup due to a low number
of administrations (n=4). We also conducted a subgroup
analysis to determine if there were any differences in
results for administrations associated with suspected tox-
icity compared to confirmed toxicity, as we suspected that
glucagon may have more meaningful effects in patients
with excess beta blockade. Patients who receive a loading
dose followed by a glucagon infusion are also more likely
to reach peak drug serum drug concentrations faster than
those who receive only a bolus. Due to these differences
in pharmacokinetics, an additional sensitivity analysis was
completed to determine if results differed when patients
receiving glucagon infusions were excluded.

Results
Baseline Characteristics

A total of 181 glucagon administrations met inclusion
criteria, 37 of which were excluded, leaving 144 admin-
istrations in 107 patients in the final analysis (Fig. 1).
The independent academic medical center within our
health-system accounted for approximately half of all
glucagon administrations (51.4%), while the four com-
munity hospitals each accounted for between 6.3% and
16.6% of administrations. Baseline characteristics are
summarized in Table 1. Due to the possibility that each
patient could have received more than one glucagon
administration, population data is reported using the num-
ber of patients (n=107), and treatment data is reported
using the number of glucagon administrations (n = 144).
Overall, the patients included in this case series had beta-
blocker toxicity that was suspected by the treating pro-
vider, but unconfirmed by the patient or a witness. Most
patients were classified as experiencing an unintentional
or accidental overdose, which is generally associated with
milder symptoms compared to patients who intentionally
overdosed. The treatment characteristics of the patients
included in this case series support this, as a low per-
centage received vasopressors, high insulin euglycemic
therapy, and/or intravenous fat emulsion; therapies typi-
cally utilized for more severe symptoms.

Pre-specified Outcomes

Results for all pre-specified outcomes are summarized in
Table 2. Data were analyzed using the number of gluca-
gon administrations (n = 144) rather than the number of
patients, as each patient could have received glucagon more
than once. HR increased by > 10 bpm in 34 patients (23.6%),
and SBP increased by >20 m mHg in 29 patients (20.1%).
With respect to adverse events, nine glucagon administra-
tions (6.3%) were associated with nausea and 14 (9.7%) with

Fig. 1 Subject enrollment.

toxicity

181 glucagon administrations
associated with beta blocker

Excluded:
_|* Received atropine concomitantly: n=14

v

“|e  Chart data unavailable: n=1
e Inadequate vital sign documentation: n=22

107 patients*

144 administrations analyzed for

*Each patient could receive multiple administrations
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Table 1 Baseline
characteristics*.

Table 2 Pre-specified outcomes
and sensitivity analyses.
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Patient characteristics
Age (years)

12-18

19-39

40-59

60-79

>80

Male

Weight (kg)

Confirmed overdose
Intentional overdose
Polysubstance overdose

Unconfirmed overdose
Intentional overdose
Polysubstance overdose

Treatment characteristics

Fluid bolus

Calcium gluconate

Vasopressors

High dose insulin euglycemic therapy
IV fat emulsion

Glucagon formulation
Glucagon bolus
Glucagon bolus + infusion

Glucagon infusion

Dosing information
Average glucagon bolus dose (mg)

Average glucagon infusion start rate (mg/h)

Population (2 =107)

4(3.7)
54.7)

20 (18.7)
41 (38.3)
37 (34.5)
51 (47.6)
82.1+23.6
27 (25.2)
18 (66.6)
22 (81.5)
80 (74.7)
1(1.25)
20 (80)

Administrations (n=144)
36 (25)

26 (18)

21 (14.6)

2(1.38)

2(1.38)

Administrations (n =144)
117 (81.2)

6(4.2)

21 (14.4)

Bolus administrations (n=117)
2.66+1.76

Infusion administrations (n =27)
4.04+2.08

“Data reported as n(%) and mean + standard deviation unless denoted otherwise

Outcome Pre-glucagon Post-glucagon Mean difference [95% CI] P value
Mean HR (bpm)* 53.4+132 57.4+14.7 4+10.6 [2.3-5.7] <0.001
Median SBP (mmHg)+  101.5[85.2-130] 109.5[93-133] 4.5[-6to0 16] 0.004

Sensitivity analysis excluding vasopressor use (n=123)

Mean HR (bpm)* 533+34 56.8+14.9 3.5+10.4 [1.6-5.3] <0.001
Median SBP (mmHg)t 102 [85-134] 110 [93-139] 5[-5.5t013.5] 0.009

Sensitivity analysis excluding glucagon infusions (n=117)

Mean HR (bpm)* 525+13.1 56.2+14.7 37+11.4[1.6-5.8] <0.001
Median SBP (mmHg)t 105 [87-134] 113 [94-135] 2[-7to16] 0.47

“Data reported as mean + SD and analyzed using two-sided paired ¢ test

Data reported as median [IQR] and analyzed using Wilcoxon signed-rank test
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vomiting; however, 36% of doses were administered with
antiemetic medications. Fifteen administrations (10.4%)
were associated with hyperglycemia.

Post-hoc Analyses

Two post-hoc subgroup analyses were conducted; outcomes
are summarized in Table 3. In the subgroup analysis examin-
ing the impact of dosing on the primary outcome, a statisti-
cally significant rise in HR was only observed in the group
receiving higher doses (i.e., 3-5 mg). In the second subgroup
analysis examining the impact of an overdose being suspected
versus confirmed or witnessed on the primary outcome, a
statistically significant increase in heart rate was observed in
both groups; however, the mean difference in heart rate was
larger in the confirmed overdose subgroup. Lastly, a sensitiv-
ity analysis was conducted for the primary outcome exclud-
ing patients on glucagon infusions to determine if pharma-
cokinetic differences would impact our findings. The mean
difference in HR when excluding glucagon infusions deviated
marginally from the overall analysis (Table 2).

Discussion

Despite statistical significance, absolute differences in HR and
SBP observed in our case series were small and of a magnitude
that may be explained by normal physiologic fluctuation lead-
ing to uncertain clinical relevance. Compared to our study, the
largest human case series by Love et al. showed greater differ-
ences in HR and SBP; however, the series had a small sample
size [12]. It should also be noted that the glucagon formulation
utilized in the Love et al. series was extracted from pancreatic
cells and contained varying amounts of insulin; whereas, the
currently available glucagon formulation is recombinant and
completely without insulin [16]. As such, the increases in HR
and SBP reported in Love et al. may have been caused by
insulin rather than glucagon itself. Since the initiation of our
study, a more recent randomized crossover trial by Petersen
et al. evaluated the hemodynamic impacts on HR and SBP

of esmolol, glucagon, and placebo combinations in 10 men.
Glucagon, at a dose of 50 mcg/kg, was found to increase mean
HR by 13 beats per minute, SBP by 15 mmHg, diastolic blood
pressure by 9 mmHg, and cardiac output by 18%. Like the case
series, Petersen et al. observed larger differences in HR and
blood pressure compared to our study; however, a possible
explanation for this may relate to the higher average glucagon
bolus dose used in this study (3.6 mg versus 2.7 mg) [17]. The
results of our subgroup analysis support this explanation, as
a statistically significant increase in HR was observed only
in the 3-5 mg subgroup. This suggests that a larger absolute
difference may have been detected in the primary analysis if
more patients received recommended doses of glucagon. Dif-
ferences in time point at which HR was documented may also
explain the larger differences in HR found by Petersen et al.,
whose study evaluated vital signs at 5 minutes, compared to
our 20-minutes mark. It is possible that the peak effect was
missed in our study despite pharmacokinetic data suggesting
an onset of approximately 20 minutes [15]. It should also be
noted that similar increases in HR and SBP were observed
by Petersen et al. regardless of whether patients received beta
blockade with esmolol, suggesting that glucagon may have an
impact on hemodynamics even if beta blockade is not present
[17]. The results of our study contrast this slightly, as patients
with confirmed beta blocker overdose experienced a greater
increase in HR compared to those with unconfirmed overdose
in our subgroup analysis; however, a statistically significant
increase in HR was still present in both groups. With regard
to safety, the most common adverse event in the study by
Petersen et al. was nausea, which occurred in 80% of patients
despite pretreatment with ondansetron [17]. We observed
a lower occurrence of nausea and vomiting, which may be
related to the lower doses administered or missing data due
to the retrospective nature of the case series. The occurrence
of hyperglycemia was also low in our study and has not been
reported in previous case series or studies evaluating glucagon
for beta blocker toxicity. It should be noted that nausea, vomit-
ing, and hyperglycemia are not specific to the administration
of glucagon and their occurrence may also have been impacted
by other factors such as underlying disease or co-ingestants.

Table 3 Subgroup analyses.

Outcome Pre-glucagon Post-glucagon Mean difference [95% CI] P value
1-2 mg subgroup (n=75)

Mean HR (bpm)* 51.85+13.2 5421+145 24+11.4[-0.252t04.97] 0.076
3-5 mg subgroup (n=44)

Mean HR (bpm)* 56.7+7.8 60.7+9.5 4.1+9.20.97-7.1] 0.011
Confirmed overdose subgroup (n=46)

Mean HR (bpm)* 55.6+10.1 60.5+10.5 4.84+9.4[2-7.6] 0.001
Suspected overdose subgroup (1n=98)

Mean HR (bpm)* 524+14.4 56+16.3 3.6+11.2[1.4-5.9] 0.002

“Data reported as mean + SD and analyzed using two-sided paired ¢ test
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Limitations

Accuracy of the data was dependent upon proper chart
documentation and diagnosis coding given the study’s
retrospective design and the use of ICD-10 codes and
provider notes to identify patients with beta blocker over-
dose. Along these lines, in the absence of verifying the
presence of toxic beta blocker concentrations by serum
or other biologic testing, we cannot be certain that all
patients included in this case series were exposed to supra-
therapeutic doses of beta blockers. However, as these tests
are not available in routine practice, a study of this nature
may be difficult or impractical. Due to the low probability
that any patient did not receive glucagon for beta blocker
toxicity, as it is the current standard of care, there was no
control group in this study. The lack of a control group
prevented us from determining if the improvements in
hemodynamics observed were due to glucagon or if they
were naturally occurring. Considering glucagon’s onset of
approximately 20 minutes, all glucagon bolus administra-
tions given within 20 minutes of each other were evalu-
ated as a single dose. This would have masked any effects
that may have been observed with a single dose. How-
ever, doses were combined for only two patients in our
study, which is unlikely to have a significant impact on
our results. Finally, the study was not adjusted for multiple
comparisons; therefore, all secondary outcomes and analy-
ses should be interpreted as hypothesis generating only.

We expected that the concomitant use of vasopressors
would confound our primary and secondary outcomes, as
they would influence HR and SBP. However, in our pre-
specified sensitivity analysis, minimal differences in HR
or SBP were observed when excluding patients with vaso-
pressors, suggesting that concomitant use had little clinical
impact on our study outcomes. We also hypothesized that
a sensitivity analysis excluding glucagon infusions would
reduce the effect size of the bolus group, as patients receiv-
ing a bolus and an infusion would reach peak glucagon
serum drug concentrations at a faster rate. No such differ-
ences were observed, as the results of our sensitivity analy-
sis excluding glucagon infusions varied minimally from the
primary analysis.

There are several patient populations to whom our results
may not apply. As previously mentioned, the doses utilized
in our study were frequently lower than those recommended
in the literature and used in other published studies. As such,
the lack of effect observed in our cases series may not be
reflective of glucagon’s effects at higher doses. Also, the
majority of patients included in this cases series appeared to
be experiencing mild to moderate symptoms of beta-blocker
toxicity based on baseline demographic information col-
lected; therefore, extrapolation to patients presenting with
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more severe toxicity may not be appropriate. Our study did
not evaluate outcomes beyond 20 minutes; therefore, future
studies are needed to evaluate the cardiovascular effects of
glucagon infusions independently. Similarly, a low number
of pediatric patients were included in our study, limiting its
generalizability beyond the adult population; thus, further
study may be beneficial to identify any effect differences that
may be present in the pediatric population.

Conclusion

Glucagon administered in the setting of beta-blocker toxicity
was associated with a statistically significant increase in HR,
although the absolute difference was small and of uncertain
clinical significance.

Dosing appeared to impact the efficacy of glucagon,
as a significant increase in heart rate was not observed
when <3 mg was given. Similar to the effects of glucagon
on HR observed in this case series, changes in SBP were
statistically significant, but of a magnitude unlikely to be
clinically meaningful. Few patients experienced adverse
events due to glucagon use.
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