
British Heart Journal, I973, 35, I260-i264.

Effect of glucagon on infants and children with
atrioventricular heart block'
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Glucagon was administered to I3 infants and children with advanced atrioventricular block. The drug pro-
duced a positive response in 12 children when given intravenously in a dose of oo2-o o5 mg/kg. Ventricular
rate rose approximately 20 per cent. Cardiac output rose in each of the 4 patients so tested. Onset of action was
within 3 minutes. Though the duration of response lasted nearly 20 minutes, any significant effect had usually
disappeared I5 minutes after injection of the drug. No severe side effects or adverse arrhythmias were en-
countered in this study.

Glucagon has been shown to possess positive
chronotropic and inotropic responses in subjects
with either normal or abnormal cardiovascular
systems (Parmley and Sonnenblick, I97I; Linhart
et al., I968; Glick et al., I968; Parmley, Glick, and
Sonnenblick, I968; Nord, Fontanes, and Williams,
I970; Williams et al., I969). Despite its recognized
chronotropism, glucagon has been incompletely
studied in subjects with advanced atrioventricular
heart block. Dogs with acute and chronic acquired
atrioventricular heart block showed a positive re-
sponse after glucagon administration (Hurwitz,
197I). Adults with acquired block and fixed-rate
pacemakers responded to intravenous injections of
glucagon with an increase in cardiac output (Ashley
et al., I970). Recent studies in adults with chronic
atrioventricular heart block have been contradictory
(Gavrilescu et al., 1971; Nishimura, Fortner, and
Williams, I972).
The purpose of this study is to present the initial

cardiovascular data obtained after administration of
glucagon to infants and children with advanced
atrioventricular heart block, either congenital, post-
operative, or metabolic in origin.

Patients and methods
Glucagon was administered to 13 patients with cardiac
arrhythmias, predominantly atrioventricular dissocia-
tion and bradycardia (Fig. i). Their ages ranged from 2
days to I6 years (Table). In the ii patients in whom
complete atrioventricular heart block was the dominant
rhythm, an attempt was made to distinguish between a
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junctional and an idioventricular pacemaker. The
latter was considered present when there was atrio-
ventricular dissociation, bradycardia, and a slurred QRS
complex of prolonged duration. By these criteria, 5
patients had complete atrioventricular heart block with
pacing stimulus probably distal to junctional tissue, and 6
had complete block with junctional pacemaking. One
patient had a i: i atrial-ventricular response and junc-
tional rhythm, and one had second-degree block with
a 2: I atrial-ventricular response. Arrhythmia was surgi-
cally acquired in 4 cases and was congenital in 8. Case I2
had a severe metabolic disturbance with acidosis and
congestive failure probably caused by sepsis.

Before glucagon administration, informed consent was
obtained by discussing the use of the drug with the
family of each patient. It was explained that glucagon
had been used to treat hypoglycaemia in many infants
and children as well as being used as a cardiotonic drug
for many adult patients. The cardiac effects of glucagon
were to be studied to determine possible effectiveness of
the drug in symptomatic atrioventricular heart block. If
effective it could then be administered as a temporary
agent during critical periods, such as pacemaker implant-
ation. The research protocol was submitted to and
approved by the Committee for Human Research at
Indiana University Medical School before the project
was begun.
The effect of glucagon was studied during the course

of diagnostic cardiac catheterization in 6 patients. Right
and left heart catheterization was routinely performed.
Older children were sedated with a mixture of pethi-
dine hydrochloride i mg/kg, chlorpromazine 0o25 mg/kg,
and promethazine hydrochloride o-25 mg/kg. Haemo-
dynamic variables were recorded at rest and after intra-
venous administration of glucagon, o-o2 to o o5 mg/kg
given over 30 seconds. Pressures were measured by
Statham P23dB transducers. Cardiac output was ob-
tained by injecting indocyanine-green dye into the pul-
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FIG . I Representative electrocardiographic tracings from all patients.

TABLE Data from all infants and children treated with glucagon

Cardiac output
Case Age Weight Rhythm Aetiology Glucagon Ventricular rate/min (1./min) Blood pressure
No. (kg) Dose Route Rest Iso- Rest Glu- Rest Glu- Rest Glu-

prena- cagon cagon cagon
line

I ii mth 7 3°AVB Congenital 0-02 IV 34 41 36 42 o-8 III II2/46 io8/52
2 i6 yr II3 3°AVB ,, 0-02 IV 44 56 42 48 5-7 6-i I28/64126/70
3 7 yr 24 3°AVB ,, 0o04 IV 43 52 40 4-7 96/46 IOO/50
4 8 yr 2I 30AVB Acquired 0-05 IV 54 58 iog/64 I30/86
5 3 mth 8 30AVB ,, 0o04 IM 60 60
6 Io yr 24 30AVB Congenital o0o4 IV 64 78 6i 68 5.5 6-6 II8/76 II4/78
7 I yr 7 30AVB ,, s05 IV 64 68 65 69 I02/60 I04/66
8 io dy 3 2-30AVB ,, oos IV 66 8o 62/38 70/38
9 8 yr 20 30AVB Acquired o-os IV 68 8o
10 6 yr i8 3°AVB Congenital 0o05 IV 70 98 iig/64 I30/86
II 2 dy 3 3°AVB ,, o-os IM 7I 73

3 dy 0o05 IV 70 8o
I2 3 dy 3 20AVB Metabolic oos IV 76 87

2:I
13 3 yr 12 Junc Acquired o0o5 IV 84 95 I20/? I50/?

I: I

AVB =atrioventricular block; Junc= junctional; Dose =dose in mg/kg.

monary artery and sampling from the descending aorta.

Duplicate measurements were performed; average values
are given in the Table. Isoprenaline, o0o5 to O-I0 jig/kg
per minute, was administered to 4 patients and the
response was measured after 4 minutes of infusion. In
all cases at least 20 minutes elapsed between isoprena-

line and glucagon infusion. Data were recorded on an
Electronics for Medicine SGM recorder.

In 7 patients glucagon was administered at the bed-
side either intramuscularly or as an intravenous bolus in
doses of o0o4 to o0o5 mg/kg. Heart rates were recorded on
a Hewlett-Packard I5iIA electrocardiograph and moni-
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FI G. 2 Ventricular rate at rest and after parenteral administration ofglucagon in 13 patients so
tested. Post-glucagon rates are maximal. Case iI was tested twice (once intravenously and once
intramuscularly).

tored on a Hewlett-Packard 7803A oscilloscope. Blood
glucose and potassium values were determined before
and IO minutes after injection of glucagon in 3 patients.
The difference in ventricular rate before and after

glucagon was analysed by Student's t-test for paired
data. The time course for intravenous glucagon response
was obtained by polynomial regression analysis.

Results
The ventricular rate increased in I2 patients after
glucagon administration (Fig. 2). Only Case 5, given
glucagon intramuscularly, showed no response. In
patients with complete atrioventricular heart block
the mean resting ventricular rate was 58 beats a
minute. The mean maximal ventricular rate after
parenteral glucagon was 67 beats a minute. The
mean difference was statistically significant
(P <o-ooi). The onset of action was early in all
cases. The maximal effect was frequently at 2 to S
minutes. Though this chronotropic response per-
sisted beyond i5 minutes in a few cases, the signi-
ficant effect generally lasted io to i5 minutes
(Fig. 3). Isoprenaline infision increased the vent-
ricular rate to similar or slightly higher levels than
did glucagon in 4 patients. However, in 2 patients
isoprenaline produced chging rhythms, including
bigeminy and multiple ventricular foci.
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FIG. 3 Time course for glucagon response ex-
pressed as the mean ventricular rate in beats a minute
after intravenous glucagon in 12 patients. Case 5., who
received intramuscular glucagon, was excluded from
thisfigure. The standard error of the mean is bracketed.
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Cardiac output increased after glucagon in the 4
patients so studied. However, in Case 2 it rose only
7 per cent. This patient's stroke volume decreased
slightly, as did that in Case 3. The stroke volume
rose in Cases i and 6. After glucagon administration,
systolic blood pressure increased from I20 to I50
mmHg in Case I3, in borderline congestive heart
failure and with low cardiac output after open-heart
surgery. Blood pressure also rose in Case io, but
was unchanged in the other patients. Rhythm re-
mained constant in all patients except Case I3, in
whom rhythm transiently changed to first-degree
atrioventricular heart block for I5 minutes after drug
infusion. Ventricular rate and cardiac output fell
in only one patient, Case 3. This occurred I5 min-
utes after infusion of glucagon, which had earlier
increased rate and output. The fall accompanied
nausea and gagging.

Blood glucose values, determined in 3 patients,
rose by 20 to 40 mg/Ioo ml. Potassium levels re-
mained within 0-3 mEq/l. of the control level.
Case 3 was the only patient who had side effects.

Discussion
Heart block accompanied by bradycardia is often
life threatening to an infant or child, especially when
it arises at the time of corrective operation or is
associated with additional malformations of the
heart (Lillehei et al., I963; Nakamura and Nadas,
I964). The low resting ventricular rate and the
inability of the heart to respond to stress with
tachycardia may produce an insufficient cardiac
output, myocardial hypoxia, and a more devastating
arrhythmia such as ventricular fibrillation. Since
glucagon has been shown to possess cardiotonic
properties and has been safely employed for many
years in the treatment of symptomatic hypo-
glycaemia in infancy, it seemed appropriate to
evaluate the drug in paediatric patients with
bradyarrhythmias.
Of I3 patients in this study, ii had complete

atrioventricular heart block. His bundle recording
to determine the exact site of pacemaking impulse
was not employed, though the pacemaking origin
appeared to be idioventricular in 5 patients. Resting
ventricular rates in some cases were higher than
those commonly seen with complete atrioventricular
heart block; however, these patients were infants or
children in the immediate postoperative period.
This type of patient usually has a ventricular rate
well over ioo beats a minute.

Data accumulated in the present study indicate a
positive chronotropic response to single bolus in-
travenous injections of glucagon. The 20 per cent
increase in maximal ventricular rate is similar to
the rate increment seen both in normal adults and

in those with a compromised cardiovascular system
(Parmley and Sonnenblick, I97I; Linhart et al.,
I968). The adrenergic agent isoprenaline was ad-
ministered to 4 patients and resulted in rate increases
of the same magnitude as those seen with glucagon.
However, isoprenaline resulted in further worrisome
arrhythmias in 2 patients. The response to glucagon
was almost immediate, with peak effects between 3
and I0 minutes. Though the rate was modestly
raised for 20 minutes in a few cases, the major effect
was dissipated within I5 minutes. A succeeding
dose of glucagon was administered twice with only
an 8 per cent further increment in rate after initial
increases of I7 and 22 per cent. Cardiac output rose
in the 4 patients so tested, but only slightly in one
(Case 2); however, this extremely obese youngster
received only 0-02 mk/kg glucagon. The average
increment in cardiac output was similar to pre-
viously reported data in adults without heart block
(Parmley and Sonnenblick, I97I; Linhart et al.,
I968). Interestingly, results from the two studies of
glucagon in adults with atrioventricular heart block
have been contradictory. In one (Nishimura et al.,
I972) glucagon administration did not significantly
affect the rate of the spontaneous pacemaker. On the
other hand, Gavrilescu et al. (I97I) found that
glucagon increased the ventricular rate in adults with
chronic atrioventricular heart block.
The mechanism by which glucagon produces

positive chronotropism has not been delineated.
The drug has increased ventricular automaticity
in vitro and in vivo (Stewart, Myerburg, and
Hoffman, I969; Wilkerson, Pruett, and Woods,
I97I; Lucchesi, I968). Glucagon has also been
shown to reverse quinidine-induced decreases in
action potential. The augmented automaticity was
not catecholamine dependent, since propranolol
did not block glucagon's action (Wilkerson et al.,
1971).
In this study, patients with an apparent pacing

site in junctional tissues and those whose pace-
making site appeared to be distal to the atrioven-
tricular node had similar responses to glucagon.
Furthermore, those with congenital atrioventricular
block and those with surgically acquired block
responded similarly. Infants and older children had
similar responses to glucagon administered accord-
ing to weight. Unfortunately, clinical improvement
could not be evaluated in these patients, since for
the most part they received only single bolus injec-
tions of the drug.
The usual dosage of glucagon in this study was

that commonly employed (Parmley and Sonnen-
blick, 197I; Williams et al., I969). In 2 patients
(Cases i and 2) a much lower dose produced a
positive response. No significant change in ventric-
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ular rate was observed after intramuscular glucagon
injection in 2 patients. One of these (Case i i), tested
intravenously, had a definite rise in rate. Though
this might imply that intramuscular administration
is ineffective, larger intramuscular doses of glucagon
might achieve a positive response. Tachyphylaxis,
suggested by the response seen here in 2 patients,
may also limit the drug's effectiveness. However,
constant infusion of glucagon has resulted in aug-
mentation of cardiac output in low output states
(Vander Ark and Reynolds, I970).
No significant side effects were encountered

during or after administration of glucagon to infants
and children in a dose of o o5 mk/kg. No prolonged
fall in cardiac rate, cardiac output, or systemic blood
pressure was experienced. No new arrhythmias
were seen. Nausea and vomiting, commonly en-
countered in adults given glucagon, were transiently
encountered in only i patient (Nord et al., I970;
Williams et al., I969; Vander Ark and Reynolds,
1970).
Though glucagon's onset of action is almost

immediate, the transient pharmacological effect
suggests limited clinical usefulness for the drug.
Glucagon may, however, serve as a valuable adjunct
in temporary treatment of symptomatic brady-
arrhythmias. It may have special merit in the treat-
ment of digitalis or propranolol toxicity resulting in
atrioventricular heart block, especially during inser-
tion of a cardiac pacemaker.

The author thanks Dr. Pao-Lo Yu for the statistical
analysis.
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