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Background: Sugammadex reverses rocuronium-induced neuromuscular blockade
quickly and effectively. Herein, we compared the efficacy of sugammadex and pyridostig-
mine in the reversal of rocuronium-induced light block or minimal block in pediatric pa-
tients scheduled for elective entropion surgery.

Methods: A prospective randomized study was conducted in 60 pediatric patients aged
2-11 years who were scheduled for entropion surgery under sevoflurane anesthesia.
Neuromuscular blockade was achieved by administration of 0.6 mg/kg rocuronium and
assessed using the train-of-four (TOF) technique. Patients were randomly assigned to 2
groups receiving either sugammadex 2 mg/kg or pyridostigmine 0.2 mg/kg and glycopyr-
rolate 0.01 mg/kg at the end of surgery. Primary outcomes were time from administra-
tion of reversal agents to TOF ratio 0.9 and TOF ratio 1.0. Time from the administration
of reversal agents to extubation and postoperative adverse events were also recorded.

Results: There were no significant differences in the demographic variables. Time from
the administration of reversal agents to TOF ratio 0.9 and TOF ratio 1.0 were significantly
shorter in the sugammadex group than in the pyridostigmine plus glycopyrrolate group:
1.30 £ 0.84 vs. 3.53 = 2.73 min (P < 0.001) and 2.75 + 1.00 vs. 5.73 + 2.83 min (P
< 0.001), respectively. Extubation time was shorter in the sugammadex group. Adverse
events, such as skin rash, nausea, vomiting, and postoperative residual neuromuscular
blockade (airway obstruction), were not statistically different between the two groups.

Conclusions: Sugammadex provided more rapid reversal of rocuronium-induced neu-
romuscular blockade in pediatric patients undergoing surgery than did pyridostigmine
plus glycopyrrolate.

Keywords: Delayed emergence from anesthesia; Neuromuscular monitoring; Pediatrics;
Pyridostigmine bromide; Rocuronium; Sugammadex.

INTRODUCTION related to muscarinic receptors are not observed when

sugammadex is used to reverse rocuronium-induced neu-

Sugammadex is an alternative to cholinesterase inhibitors romuscular blockade [1]. However, pharmacokinetic and
used in the reversal of neuromuscular blockade. Postopera- pharmacodynamic properties of neuromuscular blockade in
tive residual neuromuscular blockade and adverse effects children differ from those in adults due to the larger volume
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of distribution and the presence of immature neuromuscular
receptors [2]. Therefore, studies on the reversal of neuro-
muscular block in pediatric patients should be conducted
separately from those in adults. A study comparing sugam-
madex with neostigmine was recently published [3-5], but
comparisons of sugammadex with pyridostigmine in pediatric
anesthesia are rare. A previous study has compared the effect
of reversal agents administered at moderate neuromuscular
blockade (Intense block: post-tetanic count 0 and train-of-four
[TOF] count 0, Deep block: post-tetanic count > 1 and TOF
count 0, Moderate block: TOF count 1-3, Minimal block: TOF
ratio 0.1-0.4, Light block: 0.4 < TOF ratio < 0.9) [6]. However, in
short surgery without re-administration of rocuronium, mini-
mal or light neuromuscular blockade is often observed at the
end of surgery [6,7].

This study aimed to compare the efficacy of sugammadex
and pyridostigmine in reversing light block or minimal block

in pediatric patients scheduled for elective entropion surgery.

MATERIALS AND METHODS

This prospective, randomized study was performed after
obtaining approval from the ethics committee of Daegu
Fatima Hospital (no. DFH17MRIO335) and obtaining written
consent from the person legally responsible for each child.
Sixty healthy pediatric patients, as per the American Society
of Anesthesiologists physical status classification I/II, aged
2-11 years and scheduled for entropion surgery were enrolled
in this study. Exclusion criteria were developmental delays,
intellectual disability, anxiety disorder, chronic illness (renal
disease, liver disease, neuromuscular disease, etc.), previous
anesthetic experience, known malignant hyperthermia in the
family history, and upper respiratory infection symptom.

Randomization was performed using a random number
table generated by Microsoft Excel (Microsoft Corp., USA).
Patients were classified into 2 groups each on the basis of the
reversal agent used: sugammadex (Group S) or pyridostig-
mine plus glycopyrrolate (Group P).

A researcher blinded to the 2 types of reversal agents in
syringes containing the same amount (3 ml) injected the re-
versal agents. An anesthesiologist responsible for TOF moni-
toring and data collection was blinded to the administration
of the neuromuscular blockade reversal agents.

Both groups were administered intravenous atropine as

www.anesth-pain-med.org

premedication 30 min before surgery. In the operating room,
basic monitoring was carried out as follows: electrocar-
diogram, noninvasive blood pressure, pulse oximetry, and
capnography. Subsequently, ketamine 2 mg/kg was admin-
istered for induction of general anesthesia. Neuromuscular
monitoring was applied after injection of ketamine to avoid
pain in pediatric patients.

Neuromuscular block was monitored with the TOF Watch
SX (Organon, Ireland) using the acceleromyographic re-
sponse of the adductor pollicis muscle to repetitive TOF
stimulation of the ulnar nerve using surface electrodes. The
peripheral heat sensor was placed on the ventral side of the
hand. The acceleromyographic transducer was positioned
on the palmar side on the top of the thumb. The monitored
arm was immobilized on the operating table. Stabilization
was achieved within 5 s at 50-Hz tetanic stimulation; 1 min
after tetanic stimulation, the fingers—excluding the thumb—
were fixated and completely immobilized. After 1 min of TOF
stimulation, calibration was achieved by pressing the CAL
2 button. After calibration, supramaximal stimulation was
applied (current < 60 mA) with square wave pulses of 0.2 ms
duration that were delivered at 2 Hz at intervals of 15 s during
surgery; at the end of surgery the TOF monitor was removed
after confirmation of TOF ratio = 1.0.

After the application of neuromuscular monitoring, ro-
curonium 0.6 mg/kg was administered. Fentanyl 1 ug/kg was
used for endotracheal intubation in both groups, and dexa-
methasone 0.2 mg/kg was administered to prevent postop-
erative sore throat and spasm. Intubation was performed by
the anesthesiologist after confirmation of TOF count 0.

Anesthesia was maintained with a fraction of inspired oxy-
gen 0.5 and 2-3% sevoflurane. If the surgery was expected to
last longer than 30 min, another bolus dose of rocuronium 0.2
mg/kg was administered after the first 40 min. The total dose
of rocuronium and the time of the last dose of rocuronium
were recorded.

At the end of the surgery, sugammadex 2 mg/kg or the
combination of pyridostigmine 0.2 mg/kg with glycopyrro-
late 0.01 mg/kg was injected after confirming TOF ratio > 0.1
(minimal to light block) and sevoflurane was discontinued.
If neuromuscular blockade degree at the end of surgery was
TOF count 0-3 (intense to moderate block), sevoflurane was
continued with 0.4 minimum alveolar concentration until
reappearance of fourth twitch (T4). If the TOF ratio did not
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reach 0.9 after 10 min of reversal agent administration or
if postoperative neuromuscular blockade symptoms were
present, the rescue dose which is equal to the initial dose was
administered. Time of administration of sugammadex or
pyridostigmine-glycopyrrolate after last rocuronium admin-
istration and TOF ratio at that time were recorded. Tracheal
extubation was performed when TOF ratio > 1.0 and sponta-
neous ventilation (tidal volume > 5 ml/kg) was maintained
with appropriate oxygenation and ventilation as measured
by breathing capnography, hemodynamic stability, and re-
covery of response to verbal commands. Extubation time was
recorded. After extubation, each patient was transferred to
the post-anesthesia care unit (PACU). Propacetamol 30 mg/
kg mixed with 50 ml normal saline was administered for 20
min for postoperative pain control. If the visual analog scale
score was > 6 or the patient was agitated or physical restraint
was required, fentanyl 1 ug/kg was administered.

Primary outcomes were time from administration of re-
versal agents to TOF ratio 0.9 and TOF ratio 1.0. Secondary
outcomes were time from administration of reversal agent
to extubation, TOF ratio 0.9 to extubation, time from TOF
ratio 1.0 to extubation, administration of additional reversal
agents, and adverse events. Adverse events included brady-
cardia (> 20% decrease from baseline heart rate), tachycardia
(increased > 20% from baseline heart rate), hypotension
(mean blood pressure < 50 mmHg), nausea, vomiting, dip-
lopia, fever, skin rash, dry mouth, and postoperative residual
neuromuscular blockade in the PACU. Postoperative neu-
romuscular blockade adverse events included upper airway
obstruction requiring intervention, hypoxemia (< 94% oxygen

saturation), and reintubation.

Statistical analysis

Power and sample calculators (http://www.powerandsam-
plesize.com/Calculators/) were used for sample size calcula-
tion. In a study by Kara et al. [4], recovery time (time to TOF
ratio 0.9) was 0.46 + 0.70 min for the sugammadex group ver-
sus 1.97 + 2.14 min for the neostigmine group. The suggested
minimum sample size was 20 per sugammadex group and 20
per pyridostigmine group at power = 0.9, . = 0.05. Consider-
ing 35% of dropouts and failures, 32 subjects were recruited
in each group.

Student’s t-tests were used to compare variables that were
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normally distributed such as height, weight, age (month),
surgery time, anesthesia time, a dose of rocuronium, the
interval from last rocuronium to reversal agent, TOF ratio,
and time variations. Mann-Whitney U tests were used to
compare variables that were not normally distributed such
as temperature on palm and mid-esophagus. Fisher’s exact
chi-squared tests were used to examine the development of
adverse events in both groups. All statistical analyses were
performed with IBM SPSS statistics version 21.0 (IBM, USA).

Statistical significance was set at P < 0.05.

RESULTS

Sixty-four subjects were recruited in this study from 1 Sep-
tember 2017 to 30 June 2018; 4 patients were excluded after
refusal by patients’ guardians. Patients were classified into 2
groups of 30 patients each on the basis of the reversal agent
used: sugammadex (Group S) or pyridostigmine plus glyco-
pyrrolate (Group P). There were no significant differences in
demographic variables between the groups (Table 1). The
palm temperatures before injection of reversal agents were
not statistically different between the groups (Group S: 35.7°C
[35.4, 35.9°C]; Group P: 35.7°C [35.1, 35.9°C]; P = 0.826) (Table
2). TOF ratios before administration of reversal agents were
not statistically different between the groups (Group S: 23.92
+23.73; Group P: 32.50 + 22.48, P = 0.152) (Table 3). The mean
time from administration of reversal agent to TOF ratio 0.9
was about 2.5 fold shorter for Group S (P < 0.001) than it was
for Group P. The mean time from administration of reversal
agent to TOF ratio 1.0 was also about 2 fold shorter for Group
S than for Group P (P < 0.001) (Table 3). The mean time from
the administration of reversal agent to extubation was about
2 min shorter for Group S (P = 0.022) (Table 3). Mean anes-

Table 1. Demographic Data organized by Group

Variable Group S (n = 30) Group P (n =30)
Sex, M/F 19 (63.3)/11 (36.7) 15 (50.0)/15 (50.0)
Height (cm) 118.7 +17.0 118.0 £ 15.7
Weight (kg) 25.7 +10.6 27.0+13.3
Age (mo) 779 +26.4 776+ 275

Values are presented as number (%) or mean * SD. Student’s t-tests
were performed, with values presented as mean + SD. Chi-squared
and Fisher’s exact tests were performed for sex, with values presented
as number (%). Group S: sugammadex group, Group P: pyridostigmine
group.
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Table 2. Intraoperative Parameters

Variable Group S (n = 30) Group P (n =30) P value
Surgery time (min) 52.48 + 25.67 50.65 + 21.09 0.490
Anesthesia time (min) 76.42 +28.12 81.10 + 26.61 0.819
Dose of rocuronium (mg) 16.5+6.79 16.08 + 7.13 0.818
Additional rocuronium administration 8(26.7) 6 (20) 0.761
Interval from last rocuronium to reversal agent (min) 57.80 + 17.93 62.87 +16.18 0.255
Temperature on palm (°C) 35.7 (35.4, 35.9) 35.7 (35.1, 35.9) 0.826
Temperature on mid-esophagus (°C) 36.9 (36.7, 37.0) 36.9 (36.7, 37.0) 0.407

Values are presented as mean + SD, number (%), or median (1Q, 3Q). Student’s t-tests were performed, with values presented as mean + SD.
Mann-Whitney U test was performed for temperatures on palm and mid-esophagus and are presented as median (1Q, 3Q). Chi-squared and Fish-
er’s exact tests were performed for additional rocuronium administration, with values presented as number (%). Group S: sugammadex group, Group
P: pyridostigmine group.

Table 3. Train-of-Four (TOF) Ratio and Evaluation of Time Variations, by Group

Variable Group S (n = 30) Group P (n =30) P value
Initial TOF (%) 102.2 £ 7.37 99.8 £6.95 0.212
TOF at the administration of reversal agent (%) 23.92 +23.73 32.50+22.48 0.152
Time from reversal agent to TOF ratio 0.9 (min) 1.30+0.84 3.53+2.73 <0.001
Time from reversal agent to TOF ratio 1.0 (min) 2.75+ 1.00 5.73+2.83 <0.001
Time from TOF ratio 0.9 to extubation (min) 494 +3.18 511+3.78 0.864
Time from TOF ratio 1.0 to extubation (min) 410+ 2.75 3.26+2.23 0.202
Time from reversal agent to extubation (min) 6.23 +£3.48 8.58 + 3.89 0.022

Values are presented as mean * SD. Statistical analysis was performed using the Student’s t-test. Group S: sugammadex group, Group P: pyridostig-
mine group.

thesia time was 4.68 min shorter for Group S than for Group P Table 4. Incidence of Adverse Events Organized by Group

but this difference was not statistically significant. . Group S Group P
Variable _ B P value
There was no significant difference in the postoperative (n=30) (n=30)
residual neuromuscular blockade. Upper airway obstruc- Nausea 0(0.0) 2(6.7) 0.492
tions after extubation such as bronchospasm and laryngo- V"m't'”fji _ 133 133 1.000
Upper airway obstruction 3(10.0) 7(23.3) 0.299
spasm occurred in 3 patients in Group S and in 7 patients Skin rash 1(3.3) 1(3.3) 1.000
in Group P. The conditions of 3 patients in Group P did not Bradycardia 0(0.0) 0(0.0) N/A
resolve with positive mask ventilation and improved only Tachyca@a 0(0.0) 0(0.0) N/A
Hypotension 0(0.0) 0(0.0) N/A
after administration of lidocaine 1 mg/kg. However, there Dry mouth 0(0.0) 3(100) 0078
was no significant difference in the incidence of upper airway Fever 0(0.0) 0(0.0) N/A
obstruction between the two groups. There was no additional D'pl_o_p'a o 0(00) 0(00) N/A
Additional administration of 0(0.0) 0(0.0) N/A
reversal agent and no re-intubation in both groups (Table reversal agent
4). Two cases of nausea were reported in Group P, but none Reintubation 0(0.0) 0(0.0) N/A
Hypoxemia (< 94%) 2(6.7) 5(16.7) 0.243

were reported in Group S; vomiting occurred in 1 patient per

group. Three patients in Group P complained of dl'y mouth Values are presented as number (%). Statistical analyses were per-
formed using the chi-squared and Fisher’s exact tests. Group S: sugam-

but there were no such reports in Group S (Table 4). madex group, Group P pyridostigmine group.

DISCUSSION

despite their undesirable effects on the muscarinic receptors.

VdSH

For decades, cholinesterase inhibitors (neostigmine, pyr-

idostigmine, and edrophonium) were used as reversal agents
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In a recent study, a new reversal agent, sugammadex, was

reported which caused no muscarinic effects and had a faster
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recovery time than neostigmine in adults [8]. A meta-analysis
by Guangyu et al. [3] reported that compared to neostigmine
or a placebo, sugammadex may reverse rocuronium-induced
neuromuscular blockade more rapidly with comparable
incidence of adverse events in pediatric patients. However,
the included studies used sugammadex to reverse moderate
or deep neuromuscular blockade and was not available for
the shallow block (TOF ratio 0.25 or 0.5). In fact, at the end
of the surgery, it is common to observe minimal to light neu-
romuscular blockade as well as a moderate neuromuscular
blockade. Therefore, we compared sugammadex with the
pyridostigmine used in our institution in minimal to light
neuromuscular blockade. The onset of action for pyridostig-
mine is 16 min, which is longer than the 7-11 min for neostig-
mine [9].

We expected that the difference in time from administra-
tion of reversal agent to TOF ratio 0.9 between the sugamma-
dex group and pyridostigmine group would be greater than
that seen in previous studies comparing neostigmine and
sugammadex (in which the recovery time was up to 5 times
faster for sugammadex [5]) and that the frequency of post-
operative residual neuromuscular blockade would be higher
[9] because of the delayed onset of pyridostigmine. The onset
of action for pyridostigmine is 16 min, which is longer than
the 7-11 min for neostigmine [10]. Unexpectedly, our results
showed that the time from administration of reversal agent
to TOF ratio 0.9 and TOF ratio 1.0 were only 2 fold faster in
case of sugammadex than pyridostigmine and neither group
exhibited postoperative residual neuromuscular blockade.
In previous studies, additional neuromuscular blockers were
administered to maintain a TOF count < 2, and a reversal
agent was administered when the second twitch (T2) of TOF
was observed at the end of the procedure [5,8]. In our study,
additional rocuronium was not administered unless the sur-
gery was expected to continue > 30 min. Additional rocuroni-
um was administered after the first 40 min. As a result, most
patients, except three, had already reached a light block or
minimal block state at the end of surgery (with the exception
of 2 patients in pyridostigmine group who were at T2 and 1
patient in sugammadex group who was at T0; these 3 patients
received a reversal agent when T4 of TOF appeared). This is
the reason there was less difference in the time from adminis-
tration of reversal agent to TOF ratio 0.9 between the 2 groups

than was observed in the previous study. As in other studies
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which compared sugammadex and neostigmine in moderate
block [5,8,11], use of sugammadex in minimal to light block
state induced effective reversal and reduced the time to TOF
ratio 0.9.

Kara et al. [4] reported that the time from reversal agent to
extubation was 2 fold shorter for the sugammadex group. In
another study, extubation time was 202.5 (45, 515) s in the
sugammadex group and 427 (17.5, 720) s in the neostigmine
group [12]. In our study, time from reversal agent to extuba-
tion was 2 min shorter in the sugammadex group (6.23 + 3.48
min) compared with pyridostigmine group (8.58 + 3.89, P =
0.022). Although the time to extubation was shorter in the
sugammadex group as in previous studies, the difference was
smaller. This is a result of the shallow neuromuscular block-
ade state compared to the previous study. In addition, the
synergistic effect of fentanyl and sevoflurane used at induc-
tion resulted in the extension of extubation time compared
to a previous study [13]. Further, the difference in extubation
criteria may affect extubation time. The mid-esophageal tem-
perature measured at the end of surgery was normal in both
groups, so it did not affect time from TOF 0.9 to extubation
and time from TOF 1.0 to extubation.

This study has certain limitations. First, sugammadex is a
drug that has not yet been approved by the Korean Food and
Drug Administration in pediatric patients under 18 years of
age. Therefore, the study started after the approval of the Ko-
rean Food and Drug Administration for the research. Further
studies are needed to demonstrate the safety of the use of
sugammadex in pediatric patients. Second, the sample size
was obtained from a study comparing sugammadex with
neostigmine. Third, there was difficulty in finding statistical
differences between the 2 groups in terms of adverse effects
because the number of patients participating in the study
was small. Further, dexamethasone administration at induc-
tion may affect the frequency of nausea, vomiting, and upper
airway obstruction. Fourth, the sevoflurane concentration
data was not collected. Sevoflurane may enhance the effect of
rocuronium and affect the reversal of rocuronium-induced
neuromuscular blockade [14]. In addition, it was difficult to
measure adverse events because the subjects were pediat-
ric patients who were not as efficient as adults in reporting
symptoms. Even when patients felt dizzy, nauseous, or in
pain, they could not properly express their symptoms, and

they exhibited nonspecific symptoms such as restlessness,
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grimacing, struggling, and crying. The emergence of agitation
may be the consequence of other etiologies, including hypox-
emia, pain, bladder distension, and nausea [15]. Therefore,
it would be necessary to include the evaluation of postopera-
tive agitation on the pediatric anesthesia emergence delirium
scale in further studies.

Reversal of rocuronium-induced neuromuscular blockade
and extubation time were more rapid with sugammadex than
with pyridostigmine plus glycopyrrolate in pediatric patients
undergoing short surgery with surgery time of around 40-60
min. Overall differences in anesthesia time were statistically
insignificant. There were no statistical differences in frequen-
cy of adverse events between reversal with sugammadex and
reversal with pyridostigmine plus glycopyrrolate. In short-
term pediatric surgery, sugammadex can be used instead of
pyridostigmine and can be useful when needed for fast rever-

sal.
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