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Dose effect and benefits of glycopyrrolate in the
treatment of bradycardia in anesthetized dogs

Doris H. Dyson, Rick James-Davies

Abstract - This study evaluated the effectiveness of glycopyrrolate (0.005 or 0.01 mg/kg body
weight (BW)) in anesthetized dogs (n = 40) for reversal of bradycardia (< 65 beats/min). Following
random intravenous (IV) treatment, heart rate was determined at 5 min and, if it was < 70 beats/min,
the lower dose was repeated. A 2-way analysis of variance considered dose and animal size (< 10 kg,
> 10 kg) effects (P < 0.05). Glycopyrrolate produced a significant increase in heart rate and infre-
quent tachycardia (< 150 beats/min), which was not dose-related. The size of the dog produced a signi-
ficant effect on baseline heart rate (higher in small), rate following the first dose (lower in small),
and requirement for retreatment (47% in small, 13% in large). In a separate group of anesthetized
dogs (n = 20), the blood pressure effect of glycopyrrolate (0.01 mg/kg BW, IV) treatment of
bradycardia (65-85 beats/min, weight-adjusted) was studied. A significant increase in systolic, dias-
tolic, and mean blood pressure was produced. In conclusion, the effective dose of glycopyrrolate treat-
ment is size-related and produces a beneficial effect on blood pressure.

Resume - Effets favorables du glycopyrrolate en relation avec la dose dans le traitement de
la bradycardie chez des chiens anesthesies. Cette etude a evalue l'efficacit6 du glycopyrrolate (0.005
ou 0.01 mg/kg de poids corporel (PC) pour inhiber la bradycardie (< 65 battements/min) chez des
chiens anesthesies (n = 40). Suite 'a une administration intraveineuse (IV), la frequence cardiaque
a ete determinee apres 5 min, et si les battements etaient de < 70 par min la dose la plus faible etait
reinjectee. Une analyse de variance 'a deux voies prenait en consideration les effets en fonction de
la dose et du poids de l'animal (< 10 kg, > 10 kg), (P < 0.05). Le glycopyrrolate a provoque une
augmentation significative de la frequence cardiaque et rarement une tachycardie (< 150 batte-
ments/min) non reliee 'a la dose. La grosseur du chien avait un effet significatif sur la frequence
cardiaque de base (plus elevee chez les petits), sur la frequence suite 'a la premiere dose (plus basse
chez les petits) et sur les besoins d'une reinjection (47 % chez les petits, 13 % chez les grands). Chez
un autre groupe de chiens anesthesies (n = 20) l'effet sur la pression arterielle du traitement de la
bradycardie au glycopyrrolate a ete etudie (0.01 mg/kg PC, IV), (65-85 battements/min selon les
poids). Une augmentation significative de la pression systolique, diastolique et moyenne a ete cons-
tatee. En conclusion, la dose efficace de glycopyrrolate est reliee 'a la grosseur des chiens et
provoque un effet benefique sur la pression arterielle.

(Traduit par docteur Andre Blouin)
Can Vet J 1999; 40: 327-331

Introduction
A nticholinergic drugs are recommended for the treat-
A ment of vagally-induced bradycardia during anes-
thesia, and occasionally suggested for prevention of
its occurrence, if a profound opioid analgesic is used
(1-3). The antisialagogue effect of these drugs is not a
significant advantage, since excessive salivation is not
a common complication in modern day anesthesia.
Treatment of bradycardia in the presence of opioid-

supplemented anesthesia has resulted in improved car-
diac output and blood pressure (BP) during controlled
studies (4,5). Unnecessary use of anticholinergic drugs
is discouraged because of the disadvantages of tachy-
cardia and the associated increase in oxygen demand,
which may result in arrhythmias or reduced cardiac
contractility (3).

Surgical and ethical demands are resulting in increased
use of more profound opioids with longer duration of effect
for adequate analgesia (6). These drugs are known to
enhance vagal tone and increase the frequency of brady-
cardia. It is likely that increased use of anticholinergic
drugs will be required (7). Glycopyrrolate is gaining pop-
ularity due to its longer duration of effect and the initial
impression of a lower frequency of arrhythmias (1-3).

Can Vet J Volume 40, May 1999

Department of Clinical Studies, Ontario Veterinary College,
University of Guelph, Guelph, Ontario NIG 2W1.

Address correspondence and reprint requests to Dr. Doris
Dyson.

327



Table 1. The heart rate defined as bradycardia for
Part 2 of this study

Weight range Heart rate range
(kg) (beats/min)
< 15 <85
15-19 < 83
20-24 < 80
25-29 <78
30-34 < 75
35-39 < 73
.40 <70

The purpose of this study was to assess 2 doses of gly-
copyrrolate in a wide weight range of bradycardic,
anesthetized dogs for effectiveness and frequency
of tachycardia. In another similar group of dogs, BP
response to increasing heart rate (HR) was evaluated.

Materials and methods
Dogs (Part I: n = 40, Part II: n = 20) that were undergoing
anesthesia for various surgical and medical procedures
at the Veterinary Teaching Hospital of the Ontario
Veterinary College were eligible for inclusion in the
study. Patients with known cardiovascular compromise,
including any significantly geriatric animal (breed
dependent and at the discretion of the supervising anes-
thetist), were excluded.

Part I
If bradycardia (HR < 65 beats/min) occurred during
anesthesia and persisted for 5 min or more, the dog
was treated with glycopyrrolate (Glycopyrrolate Injection
(0.2 mg/mL), Sabex, Boucherville, Quebec) randomly at
either 0.005 mg/kg BW or 0.01 mg/kg BW, administered
IV. The HR before treatment and 5 min following treat-
ment was recorded as determined by electrocardiogram
(ECG) (when available) or esophageal stethoscope mea-
surement over 1 min. Any animal with a HR < 70 beats/
min following the initial dose of glycopyrrolate was
given a second dose at 0.005 mg/kg BW, IV. The final
HR was considered to be that recorded following the first
dose of glycopyrrolate in responders, and 5 min following
the second dose in nonresponders. Tachycardia was
defined as a HR < 150 beats/min. Any dog that received
a significant change in stimulus during the period of
assessment (surgery commencing) was eliminated from
the study. Animals were divided into 2 blocks with
respect to size for analysis: small (< 10 kg) and large
(> 10 kg). A 2-way analysis of variance considered
the effect of glycopyrrolate dose and animal size. A
P value < 0.05 was considered significant.

Part II
Bradycardia was defined based on the weight of the
dog (Table 1). If bradycardia occurred during anesthe-
sia and persisted for 5 min or more, pretreatment BP
(Dinamap oscillometric monitor, Critikon Corporation,
Tampa, Florida, USA) and HR (ECG, if available, or a
1 -min measurement using an esophageal stethoscope)
were recorded, and the dog was treated with glycopyr-
rolate at 0.01 mg/kg BW, IV. The HR and BP were
repeated 5 min following treatment. Any dog that

Table 2. Influence of dose of glycopyrrolate and
patient size on baseline heart rate (HR), HR after the
first dose of glycopyrrolate, the number of dogs
requiring retreatment, final HR, and the number
of dogs exhibiting tachycardia

Small dogs Large dogs
(< 10 kg) (> 10 kg)

Dose of glycopyrrolate
(mg/kg BW, IV) 0.005 0.01 0.005 0.01
n 9 8 11 12
Baseline HR (beats/min)a 60 (1) 58 (2) 52 (2) 56 (2)
HR, (beats/min)a 102 (17) 76 (12) 123 (11) 109 (8)
Retreatment (n)a 3 7 1 2
Final HR (beats/min) 120 (9) 101 (10) 119 (7) 125 (11)
Tachycardia (n) 1 0 1 1

HRI = HR taken 5 min after the first dose of glycopyrrolate; Final HR = HR at
5 min after the last dose of glycopyrrolate given; Retreatment = the number of
dogs requiring a second dose of glycopyrrolate because HR remained < 70
beats/min after the first dose
aSignificant difference related to size (P < 0.05)
Data is expressed as mean (standard error)

Table 3. Heart rate and blood pressure before (base-
line) and after treatment with glycopyrrolate at 0.01
mg/kg BW, IV, in anesthetized dogs

Baseline Glycopyrrolate Treatment

HR 60 (2) 114 (7)a
Systolic BP 107 (4) 122 (4)a
Diastolic BP 57 (3) 73 (4)a
Mean BP 73 (3) 90(3)a

HR = heart rate; BP = blood pressure
aSignificantly different than baseline measurement (P < 0.05)
Data is expressed as the mean (standard error)
n = 20

received a significant change in stimulus during the
assessment (surgery commencing) was eliminated from
the study. A paired t-test was used to determine if a sig-
nificant change in measured parameters had occurred.
A P value < 0.05 was considered significant.

Results
Part I
A significant increase in HR resulted from glycopyr-
rolate treatment (Table 2). The dose of glycopyrrolate
produced no significant effect on HR after the first
dose, the requirement for a second dose, or the final HR.
The size of the dog produced a significant effect on
baseline HR (higher in small dogs, P = 0.0066), HR fol-
lowing the first dose (lower in small dogs, P = 0.0333),
and the requirement for retreatment with glycopyrrolate
(higher in small dogs, P = 0.0034). There was no sig-
nificant effect of size on the final HR. The frequency of
tachycardia (HR 2 150 beats/min) was low in both dose
groups and showed no direct relationship to dose.

Part II
In this group of dogs, systolic, diastolic, and mean BP
increased significantly above baseline values follow-
ing treatment with glycopyrrolate (P < 0.0001 for all)
(Table 3).
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Discussion
Glycopyrrolate was effective in increasing HR in most
anesthetized, bradycardic dogs at the recommended
dose of 0.01 mg/kg BW IV (31 out of 40 dogs from Part I
and II, including 29 out of 31 large dogs) and even
half of this dose resulted in an increase in HR in many
dogs (16 out of 20 dogs from Part I, including 10 out of
11 large dogs). Unfortunately temperature was not gath-
ered in this study and hypothermia may have been
responsible for some of the resistance of small patients
to glycopyrrolate. Small dogs tend to get more hypother-
mic than larger dogs during anesthesia, although attempts
to maintain temperature were carried out during the
study with positive warming devices (warm oat bags, hot
water blankets, hot air circulators). The fact that smaller
dogs were more resistant to treatment with glycopyrrolate
fits the theory that smaller patients require a higher
dose/kg BW for many treatments (8). This relationship
is based on metabolic rate, which corresponds more to
surface area than to weight. Dose may also vary with the
degree of parasympathetic tone present. Anesthetic
management (drugs and techniques) and physical stim-
uli varied within our sample. This could be responsible
for the variability within and between our groups. The
randomization performed, and the fact that no obvious
differences between the anesthesia or the procedures
between small and large dogs was apparent, reduces the
chance of this explanation for the difference between dog
sizes. An earlier study on dose effect of glycopyrrolate
in sedated dogs that evaluated 0.01 mg/kg BW and
twice this dose was able to show effectiveness with
both doses, while the highest dose increased HR sig-
nificantly more than the lower dose (9).
We noted several dogs that showed a 2nd degree

heart block after glycopyrrolate treatment. This was a
common finding with both glycopyrrolate and atropine
in the study by Richards (9). A reversal of the vagal block
on the sinoatrial node appeared to occur in advance of,
or at a lower dose than required for, reversal of the
atrioventricular node. Other explanations for this effect,
and the more profound bradycardia shown with low
dose atropine in humans (10), involve a peripheral anti-
cholinesterase activity, muscarinic receptor stimula-
tion, ganglionic influence, and acetylcholine release
from nerve endings (9). This peripheral site of action
appears to be best supported with evidence of HR
depression in the presence of bilateral vagotomy (11).
The initially accepted central vagal stimulating effect of
atropine does not explain the bradycardia that has also
been produced with glycopyrrolate, which is unable to
cross the blood-brain barrier. The atrioventricular blocks
produced in our study and that of Richards (9) were
benign, and were eliminated with time or with a second
dose of glycopyrrolate.
The lack of a consistent relationship between tachy-

cardia and dose of glycopyrrolate could relate to the fact
that glycopyrrolate eliminates vagal tone, and partial
parasympathetic blockade may be difficult to achieve.
The resulting HR following complete parasympathetic
blockade should relate to the level of sympathetic drive
present. Patients who are in a lighter plane of anesthe-
sia would have an increased sympathetic drive. The

procedure and anesthetic drug variability in our sample
could also affect the underlying sympathetic drive. It is
also a common response by anesthetists to lighten the
plane of anesthesia when bradycardia is first noted.
There is evidence, however, that increasing the depth of
halothane anesthesia after a surgical level has been
achieved produces no significant effect on HR (12).
Halothane is known to dampen sympathetic drive (13),
dropping the HR from awake values and reducing the
ability to compensate for low BP by increases in HR.
Halothane does not appear to increase parasympathetic
drive as depth increases. This evidence indicates that the
ideal treatment for bradycardia would not involve light-
ening of the plane of anesthesia, unless the patient
shows other significant signs of being deep. A plausible
explanation for the tachycardia following the use of
glycopyrrolate in our study is an excessively light plane
of anesthesia. The frequency of tachycardia that we
found with glycopyrrolate (3 out of 40) was less than in
Richards' study (5 out of 12), but the definition of
tachycardia differed between studies and the differ-
ence in doses could have influenced the results. Richards'
study also showed little difference between atropine
and glycopyrrolate with respect to the HR effect or
arrhythmias. Pretreatment with atropine in dogs that
were anesthetized with thiamylal and halothane in
50% nitrous oxide resulted in higher HR than in our study
(152 beats/min) (14). The rise in HR produced by anti-
cholinergic treatment has been termed excess tachy-
cardia and is greater than that produced by bilateral
vagotomy (9). It has been explained by the removal of
parasympathetic modulation of sympathetic outflow,
a cholinergic effect at nonmuscarinic receptors that is
unmasked with muscarinic receptor blockade with or
without a central stimulatory effect. The cholinergic
effect appears to be the one that is best supported by con-
tinued research. Although the use of atropine in humans
appears to be associated with a higher frequency of
tachycardia than does that of glycopyrrolate, no dif-
ference in receptor subtype sensitivity has been proven
(15).

Premature ventricular contractions may occur as a
result of increased oxygen demand in the face of reduced
supply (16), and anticholinergic use has been shown to
cause such arrhythmias (9). In theory, an increase in HR
should be accompanied by an increase in oxygen con-
sumption. Interestingly, a study done in healthy female
volunteers failed to show any effect of atropine on
metabolic variables, while glycopyrrolate, producing sim-
ilar cardiovascular effects, resulted in a significant
increase in oxygen consumption (17). Arrhythmias may
be more likely to occur if anticholinergic drugs are
used at the same time as other drugs, or stimuli, that
cause a change in either sympathetic or parasympa-
thetic influence (18,19). Therefore, advance treatment has
been advised to reduce this possibility. It should not
be assumed that premature ventricular contractions
increase in severity when anticholinergic drugs are
used. Epinephrine-induced arrhythmias may actually
be reduced in the presence of atropine or glycopyrrolate
(20). Ventricular escape beats are preferentially treated
with glycopyrrolate to increase sinoatrial rate and reduce
the chance for ventricular beats to occur (21).
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Although bradycardia is not always associated with
hypotension, the possibility exists. Clinical hypotension
defined commonly as a mean BP < 60 mmHg (22) was
not common in our study (only 7 out of 20 dogs showed
a mean BP < 70 mmHg and showed no evidence of
being in a deep anesthetic plane). A significant benefit
of treatment with glycopyrrolate was an increase in
BP. Blood pressure should increase by an improve-
ment in cardiac output, since peripheral vascular effects
have not been shown with anticholinergic use. Previous
work showed a similar benefit in BP, secondary to car-
diac output increase, when glycopyrrolate was used in the
presence of opioid-induced vagal tone (4,5). None of the
dogs in Part II of our study showed a fall in BP, although
several showed no change in BP with treatment. It is rea-
sonable to expect that increasing HR will have little effect
on BP, if venous return is insufficient or contractility
compromised. If BP is within a reasonable range, periph-
eral vascular resistance may fall due to baroreflexes,
maintaining the BP at more normal levels. Since indirect
or direct BP measurement is not commonly performed
in small animal anesthetic management in a private
practice setting, hypotension may go undiagnosed (23).
Bradycardia is easy to diagnose, and HR is commonly
monitored. Considering the lack of adverse side effects
following glycopyrrolate treatment and the significant
effect on BP, it is warranted to treat bradycardia, when
diagnosed.

Evaluation of the anesthetic regime and circum-
stances surrounding the occurrence of bradycardia in our
sample indicates that vagal tone was likely responsible.
Bradycardia was associated with achievement of a sur-
gical plane of anesthesia in dogs given opioid premed-
ication, IV opioid administration, epidural opioid admin-
istration, and intermittent positive pressure ventilation.
Anticholinergic use in these circumstances is appro-
priate. It is always important to evaluate the possibility
that bradycardia is occurring as a result of some primary
cause requiring immediate attention. Hypoxia, exces-
sively deep anesthesia, significant body temperature
abnormalities, electrolyte disturbances (hypokalemia),
and acid-base disorders may be responsible for arrhyth-
mias, and more direct treatment should be carried out
without delay (21). Considering that glycopyrrolate
increases oxygen demand, its use in the presence of
hypoxia could result in significant untoward sequellae
(premature ventricular contractions, cardiac arrest).

It remains to be stated that the use of glycopyrrolate
to increase BP is only warranted when HR is low. There
is no evidence, even in theory, that glycopyrrolate will
increase BP without a significant increase in HR. Since
tachycardia is rare with glycopyrrolate at the doses
used here and associated with anesthesia, HR cannot be
expected to increase unless it is initially low. The defi-
nition of bradycardia in dogs can differ among books,
studies, and circumstances. We chose to design our
own table for definition of bradycardia during anes-
thesia (Table 1). It is consistent with normal awake
HR values in dogs that a smaller dog should have its
HR maintained at a higher level than that of a larger dog.
We also selected to be aggressive in the treatment of low
HR and not wait until it was excessively low in our
patients. This rationale likely reduced the chance of

our showing significance, but with the resultant sig-
nificance in BP change shown, we believe it strengthens
our argument for promoting treatment. We do not
recommend treatment of low HR in awake animals at the
same level chosen for the anesthetized dog. A slow
HR in an awake dog may be secondary to a rise in BP or
a significant reduction in metabolic rate, as in the sleep-
ing animal. During anesthesia, although metabolic rate
may be reduced, most anesthetics are associated with a
reduction in cardiac output and tissue perfusion, even
when HR is in the normal range. To allow the HR to fall
during anesthesia may decrease tissue perfusion fur-
ther and risk compromising important tissues, such as
the heart and kidney. We feel that our study provides
evidence for taking an aggressive approach to low
HR treatment. The guidelines provided in our study
can be used in anesthetized dogs.

In conclusion, there is no relationship between the dose
of glycopyrrolate and the final HR achieved with rever-
sal of bradycardia or the frequency of tachycardia.
Dogs < 10 kg are more resistant to the effects of gly-
copyrrolate and are more likely to require higher than the
standard dose (0.01 mg/kg BW, IV) to reverse brady-
cardia. It may be reasonable to treat small dogs
with 0.01 mg/kg BW glycopyrrolate initially, while
0.005 mg/kg BW glycopyrrolate is usually effective in
larger dogs (> 10 kg). A second dose of 0.005 mg/kg
BW glycopyrrolate may be required in small or large
dogs, and may be reflective of the degree of vagal tone
present. A significant increase in BP is associated with
effective treatment of bradycardia, and this should pro-
vide impetus for treatment. cvi
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