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Background: Muscle relaxant is commonly used in general anesthesia to facilitate surgery. When finishing the operation,
anesthesiologists reverse the muscle relaxant with anticholinesterase, neostigmine, combined with anticholinergic for
prevention of unwanted side effects from neostigmine. The only existed anticholinergic in Thailand is atropine, which has
a more rapid onset than neostigmine resulting in initial tachycardia. Lately, we have glycopyrrolate that cause less increase
in initial heart rate. Therefore, we would like to study the effect of heart rate of the combination between atropine and
glycopyrrolate to counteract the effect of neostigmine.

Objective: Evaluate the different increase in heart rate after the reversal of muscle relaxant with neostigmine combined
with atropine or glycopyrrolate plus atropine.

Material and Method: The study was a randomized controlled trial study. Fifty-one, ASA I or Il patients undergoing elective
gynecological surgery under general anesthesia technique were enrolled in the present study. They were randomly assigned
by computer-generated random sequence into two groups, control group and intervention group. Control group received
neostigmine 2.5 mg and atropine 1.2 mg, intervention group received neostigmine 2.5 mg, glycopyrrolate 0.2 mg and atropine
0.6 mg for reversal of neuromuscular block after finishing the operation. Both groups received the same anesthetic agents
including muscle relaxant. Heart rate was recorded before drugs administration and at 1, 3, 5, and 7 minutes after injection.
We also recorded heart rate in the PACU at 0, 15, 30, 45, and 60 minutes. Secondary outcome was incidence of arrhythmia
during the observation in PACU.

Results: There was no difference in age and baseline heart rate between the two groups. There was no different
increase in heart rate after administration of reversal agent between control group and intervention group at any time
(p-value = 0.496). No incidence of significant arrhythmia in both groups.

Conclusion: There is no significant different increase in heart rate in 0.2 mg glycopyrrolate plus 0.6 mg atropine group
compared to 1.2 mg atropine alone for antagonizing muscarinic effects of 2.5 mg neostigmine. Therefore, atropine 0.6 mg
and glycopyrrolate 0.2 mg is an alternative to antagonize muscarinic effects of neostigmine.
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Muscle relaxant is commonly used in general
anesthesia to facilitate the endotracheal intubation and

synapses in the peripheral nervous system. Thus,
neostigmine has potent parasympatomimetic activity,

surgical relaxation. After finishing the operation,
anesthesiologists reverse the muscle relaxant with
anticholinesterase. In Thailand, the authors currently
have one type of anticholinesterase, neostigmine.
Neostigmine is a quaternary ammonium compound
that inhibits acetylcholine esterase at all cholinergic

Correspondence to:

Pisitsak C, Department of Anesthesiology, Faculty of Medicine
Ramathibodi Hospital, Mahidol University, Bangkok 10400,
Thailand.

Phone: 0-2201-1513

E-mail: chawika_p@hotmail.com

J Med Assoc Thai Vol. 97 No. 7 2014

which is attenuated or abolished by the administration
of an anticholinergic agent, atropine, or glycopyrrolate.
Neostigmine effects many organ systems such as
cardiovascular system resulting in bradycardia,
increase salivation, increase bowel motility, and
increase airway resistance. These effects could be
prevented and reduced by anticholinergic agents®”. In
Thailand, the only anticholinergic agent we have used
for many decades is atropine, which is a tertiary amine
and easily penetrates the blood-brain barrier and
placenta. The intravenous dose of neostigmine and
atropine that the authors routinely use are 0.05 mg/kg
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and 0.02 mg/kg respectively. Many former studies
found that the use of neostigmine combined with
atropine contribute to more initial tachycardia than
neostigmine combined with glycopyrrolate®.

It is more appropriate using glycopyrrolate
instead of atropine combined with neostigmine to
reverse muscle relaxant effect according to their
compatible onset and duration of action. The authors
hypothesized that it will cause less increase in initial
heart rate and incidence of bradycardia at the recovery
room. However, as it is the new medication in Thailand,
we still concern about the different reaction of the
dosage and its pharmacodynamics for our population.
Because the cost of glycopyrrolate is more than
atropine, we thought that it would be cheaper to use
half-dose of the medication. Thus, the authors decided
to use half-dose of glycopyrrolate combined with
atropine to counteract the effect of neostigmine.

Material and Method

After approved by the Institution’s Ethics
Committee, the present study was conducted at
Ramathibodi Hospital. The study was a randomized
controlled trial. The inclusion criteria were the ASA I
or II patients undergoing elective gynecological
surgery between August and December 2013.
The exclusion criteria were patients who received
beta-blockers, anti-arrhythmic agents, patients with
underlying arrhythmia or contraindication to atropine,
glycopyrrolate, and neostigmine such as anaphylaxis,
including narrow angle glaucoma.

The details of the research were explained
to the patients and the informed consents were signed
before the randomization. They were randomized into
two groups, the intervention group and the control
group. All patients were premedicated with 7.5 mg
midazolam in the morning of the surgery. When the
patients arrived at the operating room, we monitored
according to the standard ASA monitoring. After the
sign in process was completed, the patients were
induced by general anesthesia with endotracheal tube.
The anesthetic agents were thiopental, 3-5 mg/kg
0.6 mg/kg atracurium, 0.1 to 0.2 mg/kg morphine,
50% nitrous oxide and oxygen and titration of
sevoflurane between 1 and 2%. The intravenous fluid
was started with isotonic crystalloid to maintain normal
patient hemodynamics and urine output of at least
0.5 ml/kg/hr. Colloids and blood transfusion were
administered if there were any indications. At the end
of the operation, the patients were administered
the reversal agents according to the randomization.
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The patients in control group were received 2.5 mg
neostigmine and 1.2 mg atropine, the patients in the
intervention group were received 2.5 mg neostigmine,
atropine 0.6 mg and glycopyrrolate 0.2 mg. The heart
rate was recorded before the injection of the reversal
agents and at 1, 3, 5, and 7 minutes thereafter. When
the patients arrived at the recovery room, we recorded
the heartrate at 0, 15, 30, 45, and 60 minutes. Pain was
also evaluated by numerical rating scale. If the patients
had pain scores more than 4, the pain treatment would
be provided by the recovery room staff’s order. EKG
monitor to detect arrhythmia was also done in both
groups.

Statistical analysis

The authors used mean + SD for continuous
data (age, body weight, heart rate and operative time)
as well as median, min and max for non-normally
distributed data like blood loss (determined by Shapiro-
Wilk test). Independent T-test or Mann-Whitney U test,
where appropriate, was used to compare numerical
data (age, body weight, heart rate, operative time and
blood loss) and repeated measures ANOVA was used
to compare interval data between groups. The p-value
<0.05 was accepted as statistically significant.

The sample size of 25 and 26 patients per
group were sufficient to achieve 80% power to detect
a difference of heart rate of 19 bpm between the control
and intervention group according to a previous study®
with a significant level of 0.05 and a number added to
prevent unexpected loss of data during the study.

Assessed for eligibility
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c Premedication: midazolam 7.5 mg per oral
S
5 \ 4
= Monitor: NIBP, SpO,, EKG, HR, urine output
é
g Agent: Thiopental 3-5 mg/kg
Atracurium 0.6 mg/kg and additional dose as needed
Morphine 0.1-0.2 mg/kg
0,, N,O FiO, 0.5, Sevoflurane 1-2%
At the end of the operation: Randomized
Allocated to intervention group Allocated to control group
Atropine 0.6 mg+Glycopyrrolate 0.2 mg Atropine 1.2 mg
and Neostigmine 2.5 mg and Neostigmine 2.5 mg
(n =26) (n=25)
Analyzed (n = 26) Analyzed (n = 25)
Fig.1  Flow diagram of the study.
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Table 1. Baseline characteristics between two groups

Control group Intervention group p-value
(atropine) (n = 26) (atropinetglycopyrrolate) (n = 25)
Age (years) 43.12+10.35 47.00+10.53 0.190
Body weight (kg) 62.67£10.11 55.65£7.21 0.006*
Heart rate (bpm) 71.4619.87 68.80+7.72 0.290
Blood loss (mL), median (max-min) 250 (1,200-50) 400 (2,200-50) 0.538
Operative time (min) 142.31£40.48 165.60+46.47 0.062

Data are mean + SD unless otherwise stated
* p-value <0.05

Results

Fifty-one patients were enrolled in the present
study. The patients’ baseline characteristics of age
and heart rate were similar between groups except the
body weight (Table 1). There was no different increase
in heart rate after administration of reversal agent
between the two groups at any time (p-value = 0.496)
(Fig. 2). No incidence of significant arrhythmia
occurred in both groups.

Discussion

The present study found that there was no
significant different of the increase in heart rate in
glycopyrrolate plus atropine group compared to
atropine alone for antagonizing muscarinic effects of
neostigmine. This finding was not consistent with
many previous studies.

The authors used half-dose of atropine with
small dose of glycopyrrolate for the purpose of
avoiding initial tachycardia of high dose atropine,
and prevent the incidence of bradycardia from
the lower dose of atropine especially in the later
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Fig.2  Comparison of heart rate between two groups*.
* Comparison of heart rate between two study
groups performed by repeated measures ANOVA

(p-value = 0.496).
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phase, and reduce the cost of the anesthesia on
using glycopyrrolate alone. However, we could not
demonstrate the benefits except for the cost of
anesthesia.

The dosage of the medicine might be an
important issue. Salem et al® conducted a double
blinded, randomized, controlled study and found that
the only patient who did not show any statistically
significant change in heart rate in the immediate
post reversal period were those receiving 0.9 mg
glycopyrrolate compared with 1.2 mg atropine. If we
compared the dose of glycopyrrolate in that study with
0.2 mg glycopyrrolate and 0.6 mg atropine in the
present study, it could explain the failing of the initial
stability of heart rate in the intervention group due to
the much lesser dose of glycopyrrolate. Tribuddharat
et al® did the double blinded, randomized, controlled
study on 46 patients to compare 0.9 mg with 1.2 mg
atropine to counteract the cholinergic effects of 2.5 mg
neostigmine and found that 0.9 mg atropine could
prevent cholinergic effect and cause lesser increase in
heat rate. Wetterslev et al® conducted a randomized
controlled trial to compare the effects of the heart rate
of'asingle dose 7 mcg/kg glycopyrrolate and two doses
of 8 mcg/kg atropine at an interval of 10 minutes. There
was no significant difference in heart rate and the
cholinergic effects between groups. If we use this dose
in our population, the dose of atropine will equal to
two doses of 0.4 mg. This research also supports the
hypothesis of lesser dose of atropine, which will cause
less initial tachycardia. These evidences influence our
research to use 0.6 mg atropine in the intervention
group. In the present study, the authors decide to use
0.6 mg atropine but the authors still could not
demonstrate the difference of the initial increase in
heart rate between groups. The discrepancy of the result
from other studies might come from the various
techniques of the general anesthesia including the
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choice of anesthetic agents among the hospitals. The
definite result should come from the controlled trial
that use the same technique and possibly in the same
center.

There were also some limitations in the
present study. First, we could not blind the observer in
the operating room, because it is the organization
practice that anesthesiologists need to identify the drug
given to the anesthetized patients. Second, we did not
control the anesthetic management that could affect
the result, especially the cardiovascular response at the
end of the operation such as the onset and duration of
the suction, the depth of the anesthesia before the
extubation.

The authors selected the patients with ASA
physical status I-II. Thus, the present study cannot
apply to the older and high-risk groups that might
have benefit from the lesser dose of atropine™’-®.
Further studies are required to prove the benefits of
the combination of atropine and glycopyrrolate to
reverse the cholinergic effects of neostigmine by
adjusting dose and patient selection.

In conclusion, there is no significant different
increase in heart rate in glycopyrrolate plus atropine
group compared to atropine alone for antagonizing
muscarinic effects of neostigmine. Therefore, atropine
0.6 mg and glycopyrrolate 0.2 mg is an alternative to
antagonize muscarinic effects of neostigmine.

What is already known on this topic?

Anticholinesterase agent, which is used to
reverse muscle relaxant, has several side effects.
Anticholinergic can counteract these unwanted effects.
There is varied combination of these two drugs but
neostigmine and atropine are the only combination in
Thailand. However, the matching onset and duration
of them are problematic because atropine has more
rapid onset and shorter duration of action compared
with neostigmine. Therefore, the initial tachycardia in
the patients who receive these combination agents
are quite common. Although, there is lack of evidence
about the increasing mortality of this practice but
there is better combination agents available overseas.
The suitable agent that is appropriate to combine
with neostigmine is glycopyrrolate.

What this study adds?

Currently, the authors have glycopyrrolate
available in Thailand. The evidence of the better
outcomes especially the initial increase in heart
rate when using full dose of atropine instead of
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glycopyrrolate to counteract the muscarinic effect of
neostigmine is well known.

Therefore, the present study was designed
to use half dose of glycopyrrolate and atropine to
antagonize the effect of neostigmine compared with
atropine alone. In Thailand, the cost of glycopyrrolate
is higher than atropine. The background of the half
dose of both atropine and glycopyrrolate came from
the objective to reduce cost together with the
elimination of the risk of initial bradycardia from
single, small dose of glycopyrrolate.

The authors found that half dose of
glycopyrrolate plus atropine has no significant
difference in initial heart rate compared with
atropine alone for antagonizing muscarinic effects
of neostigmine. If the authors still want to use
glycopyrrolate combined with atropine to antagonize
neostigmine, the authors need to adjust dose of both
drugs in the future study.
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