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ABSTRACT

Background & objective: The use of muscle relaxants is a routine in most of the pediatric surgeries. At the end of
the surgery, the residual effect of the muscle relaxants needs to be reversed. In most of the countries the reversal
agents used are neostigmine plus atropine. In the previous few decades sugammadex has been introduced for this
purpose. We reviewed the available research regarding efficacy and safety of sugammadex compared with
neostigmine in reversing rocuronium-induced neuromuscular blockade (NMB) among pediatric patients.

Methodology: Using specific keywords, we comprehensively went through the potential articles, comparing efficacy
and safety of sugammadex with neostigmine in reversing rocuronium-induced neuromuscular blockade (NMB)
among pediatric patients. We searched Europe PMC, Cochrane Library, Scopus, Medline, and ClinicalTrials.gov
sources until September 22, 2022. Outcomes were expressed in risk ratio (RR) and mean difference (MD).

Results: A total of 17 randomized controlled trials (RCTs) were included. Our pooled analysis revealed that the use
of sugammadex as NMB agent in pediatric population was associated with faster time to reach train of four (TOF) >
0.9 [MD -10.32 min (95% Cl -12.42, -8.23), P < 0.00001] and shorter time of extubation [MD -9.40 min (95% CI -
11.84, -6.96), P < 0.00001] compared with neostigmine + atropine. Regarding safety, incidence of post-operative
nausea vomiting (PONV) [RR 0.44 (95% Cl 0.25 — 0.78), P = 0.005] and tachycardia [RR 0.13 (95% CI 0.04 — 0.42), P =
0.0006] was significantly lower among children receiving sugammadex than those who received neostigmine +
atropine. Incidence of other adverse events did not differ significantly between the two groups.

Conclusions: Based upon the results of our research, we conclude that sugammadex possesses higher efficacy and
better safety than neostigmine to reverse rocuronium-induced NMB among pediatric populations.

Abbreviations: NMB: neuromuscular blockade, NMBA: neuromuscular blocking agents, PMC: PubMed Central, RCT:
randomized controlled trial, TOF: train of four
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1. INTRODUCTION

In modern anesthesia, neuromuscular blocking agents
(NMBAS) are extensively used for muscle relaxation to
facilitate endotracheal intubation and mechanical
ventilation during surgical procedures.’? However,
NMBA may reside and serve as primary contributors to
postoperative pulmonary and respiratory problems,
hypoxia, upper airway obstruction, and reduced oxygen
saturation, potentially elevating the frequency of tracheal
re-intubation in critical care settings.® Due to this reason,
another agent is needed to accelerate the reverse effect
of NMBAs.* One of the most common to reverse
NMBAs are cholinesterase inhibitor.*

Among cholinesterase inhibitor agents, neostigmine
commonly used as this agent is the most potent and
selective one.* However, neostigmine has some
downsides such as multi-systemic side effect and
adverse effect such as bradycardia, QT-lengthening,
bronchoconstriction, hypersalivation, and increased
motility.* To overcome this issue, anticholinergic agent
was needed in a mixture with neostigmine, such as
sugamadex.>®  Suggamadex is a y-cyclodextrin
compound that counteracts non-depolarizing
neuromuscular  blockade (NMB) caused by
aminosteroids like rocuronium and vecuronium.>¢

Recent years, usage of sugammadex and supporting
evidence of this drug in adult patient have been
established, while in pediatric patients this agent has
been frequently used in recent years by
anesthesiologist.” Sugammadex, being the inaugural
non-competitive antagonist for NMB reversal, possesses
a distinct mechanism that differs from that of
acetylcholinesterase inhibitors.® It swiftly encapsulates
rocuronium or vecuronium by one-to-one molecule
binding, delivering rapid and predictable reversal effects
of NMB, while effectively reducing the occurrence of
residual block.®

In adult patients, sugammadex has been demonstrated to
be a safe and superior drug for NMB reversal in
comparison to neostigmine, but in the pediatric
population the evidence is few. In attempt to enlighten
the effect of sugammadex in pediatric population, some
meta-analyses had been carried out by Won JW et al.®
and Liu G et al.?%, thus concluding that sugammadex is
effective and able reversing NMB in short time with low
incidences of adverse events. Nonetheless, these meta-
analyses are limited by a small number of included
studies (ten or fewer) and a small participant pool (fewer
than 1,000), with some studies exhibiting a high risk of
bias, resulting in low-quality evidence. Therefore,
further meta-analysis that include research papers with
higher quality and larger sample sizes is necessary for
validation. To provide a more comprehensive
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understanding of sugammadex efficacy and safety in
reversing rocuronium-induced NMB in pediatric
patients, we conducted an updated meta-analysis of
RCTs.

2. METHODOLOGY

A systematic review and meta-analysis were performed
using data from randomized controlled trials (RCTS).

2.1. Studies Selection

Records were included in this study if they met the
inclusion criteria established by the Population,
Intervention, Comparison, Outcomes and Study (P1COS)
framework:

1) P-Population: pediatric patients (age < 18 years
old) undergoing surgical procedure with general
anesthesia

2) I-Intervention: receiving sugammadex with
any dose for reversal of NMB after surgical
procedure

3) C-Control: receiving neostigmine with any
dose for reversal of NMB after the surgery was done

4) O-Outcome: reporting the primary outcomes
(time to reach train of four (TOF) > 0.9 and/or time
of extubation), with or without secondary outcome
(adverse events) in the sugammadex and
neostigmine group

5) S-Study design: RCTs

Articles that met any of the following exclusion criteria
were not considered for analysis in this review:

(1) non-randomized interventional studies

(2) observational studies (cohort or case-control), cross-
sectional, and case-series

(3) studies on adult population (ages >18 years)

(4) studies which compare sugammadex with placebo or
other intervention besides neostigmine

(5) studies lacking a comparison group
(6) unpublished study or abstract; and

(7) nonprimary research.

2.2 Search Strategy and Studies
Selection

We evaluated five electronic databases for pertinent
research that were published in any language until

September 22", 2022. These databases include Europe
PMC, Scopus, MEDLINE, Cochrane Database
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(CENTRAL), and ClinicalTrials.gov with following
keywords were used for literature searching:
"(sugammadex OR bridion OR Org 25969) AND
(neostigmine OR prostigmine OR bloxiverz) AND
(pediatric OR paediatric OR children) AND (trial OR
clinical-trial OR RCT)".

Initially, to determine acceptable research for inclusion,
both authors reviewed all retrieved records based on
titles and abstracts. A supplementary assessment of
references from identified relevant research was
performed to identify additional potential papers.
Redundant articles were eliminated. The last step
involved comprehensive screening of the chosen records
according to the established inclusion and exclusion
criteria. Any identified disparities were addressed
through dialogue. The screening software Covidence
was employed to streamline the screening process and

Sugammadex versus neostigmine

Anesthesiologist (ASA) score, as well as the outcome of
interest.

We have divided the outcomes of interest in this study
into the primary and secondary outcomes. The primary
outcomes in this study were time to reach train of four
(TOF) >0.9 and/or time of extubation. Time to reach
TOF >0.9 was defined as time from the start of study
drug administration to a TOF ratio of >0.9. Train of four
(TOF), also known as peripheral nerve stimulator is an
equipment to measure degree of neuromuscular
blockade (NMB) which works with the nerve-muscle
acceleromyometry principle, usually was placed on the
ulnar nerve of all patients to trigger stimulation of the
adductor pollicis muscle.!> Time of extubation was
defined as the time from stoppage of anaesthetic
inhalation until the patient fulfilled global and

eliminate duplicates.

The study utilized

219 Records identified through database searching

the Preferred
Reporting Items for
Systematic Reviews
and Meta-Analyses
(PRISMA)
guideline.!?

2.3. Data
Extraction
and Quality
Assessment

Data extraction was
conducted
separately by two
authors. The
subsequent  items
were retrieved from
each article: first
author, year of
study, country, and
study type, type of
surgery, dosage of
neuromuscular

blocking agent
(NMBA),
sugammadex dose,
neostigmine  dose,
time of reversal
agent

administration,

number of samples
in each study arms,
age, gender,
American Society of

www.apicareonline.com

128 Europe PMC
37 Scopus
36 MEDLINE
10 ClinicalTrials.gov
8 Cochrane Database (CENTRAL)

)

219 Records screened

A\

78 Full-text articles assessed for eligibility

141 Records excluded on the basis of title and abstract

and duplicates removed

Y

17 Studies included in qualitative synthesis

4

17 Studies included in qualitative synthesis
(meta-analysis)

v

61 Full-text articles excluded, with reasons

Populations were adult patients

Did not have control group

Were not randomized clinical trials

Did not have neostigmine as comparison
Were review article

Did not have outcome of interest

Figure 1: Studies selection flow chart
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respiratory criteria for safe extubation. Meanwhile the
secondary outcome in this study was any adverse events
which occur in both groups. Adverse events assessed in
this study may include any of the followings: post-
operative nausea and vomiting (PONV), shivering,
bradycardia tachycardia, hypotension,
bronchospasm/laryngospasm, oxygen desaturation, and
respiratory depression.

The evaluation of research quality was performed
separately by two authors utilizing the Risk of Bias
version 2 (RoB v2) framework from Cochrane
Collaborations.®? This instrument assessed
methodological quality across five domains: (a)
randomization procedure; (b) modifications from
planned treatments; (c) incomplete endpoint data; (d)
endpoint assessment; and (e) selection of results that
were reported. The RCTs were categorized as “low-risk™
of bias (low risk across all domains), “high-risk” (high
risk in one or more domains), or “some-concern risk”
(some concern regarding bias in one or more key areas).

2.4 Statistical Analysis

A meta-analysis was conducted utilizing Review
Manager 5.4 software from the Cochrane Collaboration.
We aggregated the continuous variable outcomes in this
investigation  employing  the  Inverse-Variance
methodology with random-effects models, irrespective
of heterogeneity, to derive the mean difference (MD) and
its standard deviations (SD). The outcomes of the
dichotomous variable were aggregated using the Mantel-
Haenszel approach with random-effects models to derive
the risk ratio (RR) and its 95% confidence interval (95%
Cl). The Cochrane Q test was employed to assess the
heterogeneity of the results, defined by the I-squared
statistic (12, Inconsistency). An 12 score exceeding 50%
indicated statistically substantial heterogeneity between
studies.’* Data submitted as medians with interquartile
ranges or as medians with minimum-to-maximum
ranges were transformed into means and standard
deviations for meta-analysis pooling utilizing the
formula by Wan X et al. (2014).15 Sensitivity analysis
through leave-one-out method was performed for
outcomes with significant heterogeneity. Funnel plot
analysis was employed to evaluate the qualitative risk of
publication bias.

3. RESULTS

3.1 Study Selection and Characteristics

The preliminary database search produced 219 studies,
of which 78 were deemed eligible following the
screening of titles and abstracts and the elimination of
duplicates. Following the full-text screening, 61 articles
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were subsequently excluded because of the following
reasons: twenty three papers were done in adult
populations (age >18 years), fourteen papers lacked a
comparison/control group, eleven papers were not
RCTs, six papers did not utilize neostigmine as the
comparison group, five were review articles, and two
papers did not report the specified outcomes. The final
analysis encompassed a total of 17 studies.'6-32 which
included a total of 1,213 pediatric who undergo surgical
procedures with neuromuscular blockade for the analysis
(Figure 1). Sample sizes ranged from 24 to 276.

Six trials were from Egypt, four trials were from Turkey,
two trials were done in Spain, China, and multi-center,
each respectively, and the remaining one trial were from
Malaysia. The types of surgery were varied from
tonsillectomy to cardiac or gastrointestinal surgery, and
even craniotomy procedure. Almost all of the included
studies use rocuronium at a dose of 0.6 mg/kg as
neuromuscular blocking agent. More than half of the
included studies use 2 mg/kg sugammadex, while the
rest of trials use the sugammadex at 4 mg/kg dose. The
dose of neostigmine used in the included trials ranged
from 0.02 mg/kg to 0.35 mg/kg, combined with atropine.
These reversal agents were mostly administered at the
time of reappearance of T2. Table 1 gives out the details
of each included research.

3.2 Quality of Study Assessment

From the employment of RoB v2 tool, it was revealed
that eleven??20-232526,2829.31.32 oyt of seventeen included
trials have low risk of bias in all five domains which
were assessed. The remaining six trials?%:2223.28:31.34 yere
judged to have some concern risk of bias, one trial?® did
not mention details for randomization method and
whether there is allocation concealment after
randomization, two trials?®>3! did not have enough
blinding during measurement of outcomes which may
cause some bias from the assessors, three trials?®2%:3 did
not describe the details of randomization process and
have lack of blinding during measurement of outcomes.
The summary risk of bias assessment is presented in
Table 2.

3.3 Primary Outcomes

3.3.1. Time to Reach TOF > 0.9

Sixteen trials (n = 1,125) reported the time to reach TOF
> 0.9 outcome. Our pooled analysis revealed that NMB
reversal using sugammadex was associated with faster
time to reach TOF ratio of > 0.9, when compared with
using neostigmine + atropine [Mean Difference -10.32
min (95% CI -12.42, -8.23), P < 0.00001, 12 = 989%,
random-effect model] (Figure 2A). Sensitivity analysis
through leave-one-out method still showed statistically
observed heterogeneity (Supplementary Figure 1).
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Table 2. Risk of Bias version 2 (RoB v2) for assessment of clinical trial studies

Study ID

Alvarez-Gomez
JA (2012)
Ammar AS
(2017)

El sayed M
(2016)

. Low risk

|
?
| Some concerns

High risk

Gaona D (2012)
Ghoneim AA
(2015)

Guzelce D
(2016)

Hussein AA
(2020)

Ibrahim ES
(2022)

-~ -~
l .““ ‘ Measurement of the outcome

.“ ‘.. m . . ‘ “ ‘ ‘ ‘ Selection of the reported result
90-00-00-0000--00 -

Jiang Y (2020)

Kara T (2014)
Korkmaz MO
(2019)

Li L (2021)

Ozgun C (2014)
Saber HIES
(2021)

Veiga RG
(2011)

Voss T (2022)
Zaini RHM
(2016)

DOOOOOOOOOOOOO OO ® osor romineeinernentors
00000000000000000..........
5

00 -00000-0000-00- i

“ .u . ‘ 'v ”

w
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Sugammadex Neostigmine Mean Difference Mean Difference

A. Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Alvarez-Gomez JA et al. 2012 1.2 0.73 49 122 10.9 47 5.9% -11.00[-14.12,-7.88] -

Ammar AS et al. 2017 25 038 30 126 43 30 6.5% -10.10[-11.67, -8.53] =

El sayed M et al. 2016 0.41 0.58 35 1.64 2.59 35 6.7% -1.23 [-2.11, -0.35]

Gacna D et al. 2012 1.11 0.3 15 966 1.2 15 6.7% -8.55 [-9.18, -7.92] C

Ghoneim AA et al. 2015 1.4 12 20 25.16 6.49 20 6.0% -23.76 [-26.65, -20.87] -

Guzelce D et al. 2016 1.68 0.97 16 53 2.98 21 6.6% -3.62 [-4.98, -2.26] =

Hussein AA et al. 2020 2.5 0.92 40 11.1 5.33 40 6.5% -8.60 [-10.28, -6.92] =

Ibrahim ES et al. 2022 1.52 0.89 20 121 2.19 20 6.6% -10.58[-11.62, -9.54]

Jiang Y et al. 2020 1.4 02 30 85 1.8 30 6.7% -7.10 [-7.75, -6.45] C

Kara T et al. 2014 0.46 0.7 40 197 2.14 40 6.7% -1.51[-2.21, -0.81]

LiLetal 2021 3.4 12 30 76.2 20.5 30 3.7% -72.80[-80.15, -65.45] o

0Ozgun C et al. 2014 1.54 1.15 30 6.44 1.63 30 6.7% -4.90 [-5.61, -4.19] .

Saber Hl et al. 2021 1.61 0.5 25 9.23 3.71 25| 6.5% -7.62 [-9.09, -6.15] =

Veiga RG et al. 2011 1.06 0.3 14 115 7.4 10 5.1% -10.44[-15.03, -5.85] aa

Voss T et al. 2022 1.97 0.42 224 7.71 3.4 34 6.6% -5.74 [-6.88, -4.60] K

Zaini RHM et al. 2016 1.4 0.71 40 8.35 1.93 40 6.7% -6.95 [-7.59, -6.31]

Total (95% CI) 658 467 100.0% -10.32[-12.42,-8.23] ¢

Heterogeneity: Tau® = 16.89; Chi’ = 963.64, df = 15 (P < 0.00001); I* = 98% ! i t {

Test for overall effect: Z = 9.68 (P < 0.00001) -100 -50 0 50 100
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Figure 2: Forest plot that demonstrates the time to reach TOF >0.9 (A) and time of extubation (B) outcome
when using sugammadex or neostigmine for neuromuscular blockade reversal in pediatric populations.

Table 3: Secondary outcome of adverse events in both group of interventions

Adverse events Number [ Sugammadex Neostigmine Risk ratio

(o] group group (95% Cl)

studies
PONV 12 53/577 (9.2) 59/372 (15.8) 0.44 (0.25-0.78) K 24 | 0.005
Shivering 2 7/50 (14) 9/50 (18) 0.78(0.31-192) O 0.59
Bradycardia 6 7/391 (1.8) 16/181 (8.8) 0.31 (0.06 —1.75) | 48 | 0.19
Tachycardia 2 3/50 (6) 24/50 (48) 0.13(0.04-0.42) O 0.0006
Hypotension 3 6/95 (6.3) 3/95 (3.2) 1.71(0.47-6.20) | O 0.42
Bronchospasm/ 3 1/114 (0.9) 4/112 (3.5) 0.46 (0.08-2.67) O 0.39
Laryngospasm
Oxygen 4 3/135 (2.2) 5/135 (3.7) 0.66 (0.17—-2.50) O 0.54
desaturation
Respiratory 4 0/121 (0) 1/126 (0.8) 0.33(0.01-791) O 0.50
depression
Data presented as n (%);
ClI = confidence interval; PONV = post-operative nausea and vomiting
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A o SE(MD)

as shivering, bradycardia, hypotension,
bronchospasm/laryngospasm, oxygen
desaturation, and respiratory depression
after surgery did not differ significantly
between sugammadex and neostigmine +
atropine group. The details for each of these
adverse events can be seen in Table 3.

3.5. Publication Bias

We employed Funnel plot analysis to
evaluate publication bias in the primary
outcome. This analysis revealed a fairly
MD symmetrical inverted curve for the time to

5 t L + +
-100 =50 0 50

B - SEMD)

oo

5

0| achieve TOF >0.9 and the extubation
outcome, suggesting the absence of
publication bias (Figure 3A and 3B).

4. DISCUSSION

Sugammadex, a y-cyclodextrin drug is used
to reverse non-depolarizing neuromuscular
blockade caused by aminosteroids such as
rocuronium and vecuronium. It works by
encapsulating them through one-to-one
molecular binding, ensuring fast and
predictable reversal, while efficiently
reducing the risk of residual blockade.>¢®
Sugammadex has been introduced for use in
MD pediatric population due to the unique

2100 -50 0 50

19| physiological characteristics of children,

Figure 3: Funnel plot analysis for the primary outcome: time to

reach TOF > 0.9 (A), and time of extubation (B).
3.3.1. Time to Extubation

Twelve trials (n = 783) reported the time of extubation
outcome. Our pooled analysis revealed that
neuromuscular blockade reversal using sugammadex
was associated with shorter time of extubation when
compared with using neostigmine + atropine [Mean
Difference -9.40 min (95% CI -11.84, -6.96), P <
0.00001, 1?2 = 99%, random-effect model] (Figure 2B).
Sensitivity analysis through leave-one-out method still
showed statistically significant results without
significant changes in the observed heterogeneity
(Supplementary Figure 2).

vomiting (PONV) when compared with neostigmine +
atropine group [RR 0.44 (95% C10.25 - 0.78), P =0.005,
12 = 24%, random-effect model]. Pooled analysis from
two trials also revealed that using sugammadex for
neuromuscular blockade reversal was associated with
lower risk of tachycardia after surgery when compared
with neostigmine + atropine [RR 0.13 (95% CI 0.04 —
0.42), P = 0.0006, 1> = 0%, random-effect model].
Meanwhile, the incidence of other adverse events, such

www.apicareonline.com

such as the immaturity of their
neuromuscular junction receptors, which
alters  the pharmacodynamic and
pharmacokinetic profiles of NMBAs in
children compared to adults. The traditional
cholinesterase inhibitors, like neostigmine, act by
inhibiting the breakdown of acetylcholine, rather than
directly targeting NMBA, which can lead to systemic
side effects and adverse reactions.* This highlights the
need for further research to optimize sugammadex
application particularly in pediatric settings.

Various meta-analyses have been done to analyze
efficacy and safety of sugammadex compared to
neostigmine as the traditional agent for NMBAs, and
found its superiority in providing faster recovery in
children. However, these studies have limited sample
size (253 patients and 575 patients) and the number of
studies included.®° QOur study try to show an updated
finding based on recent studies. Advantage of this study
is that it includes larger studies consisting of 17 RCTs
with over 1,200 pediatrics patients.

This meta-analysis finds sugammadex could be used in
varied types of surgery to help reversing the effect of
NMBAs, including in tonsillectomy to cardiac or
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gastrointestinal surgery, and even craniotomy procedure.
Sugammadex could be used in a dose of 2 mg/kg or 4
mg/kg, 2 mg/kg being more prevalent. These doses
demonstrated that sugammadex is capable of reducing
the duration to reach TOF ratio of > 0.9 in 10.3 min and
extubation time in 9.4 min compared to neostigmine
plus-atropine as the primary outcome of this study. This
result corroborated and reinforced the findings of
previous meta-analyses. It also found that sugammadex
could reverse the effect of moderate NMB (T2 or T3
reappearance) or profound neuromuscular blockade
post-titanic count (PTC) < 2 or 2--3, in pediatric patients,
but explanation whether sugammadex sodium was
equally effective in mild or in intense NMB, is not
described. Another advantage of this study is the analysis
of funnel plot showed a relatively symmetrical inverted
plot for time to reach TOF > 0.9 and time to extubation
outcome, indicating no publication bias.

Secondary outcomes of this study showed that pediatric
patients’ tolerance to sugammadex is better in terms of
PONYV incidence. if compared to neostigmine + atropine.
This finding is in line with previous reviews.%10
Moreover, this study found that sugammadex was
associated with a lower risk of tachycardia after surgery
when compared with neostigmine + atropine. However,
different results were found between studies in terms of
bradycardia. This study found there was no difference in
the incidence of bradycardia, in line with Zhou S et al.
(2023), that found the incidence of bradycardia was not
differ with control group.® Yet, this finding is contrary
with previous review by Liu G et al. (2017), and a
retrospective analysis by Arends J et al. (2020), that
bradycardia is less common with sugammadex than
neostigmine.%3* In terms of other adverse effects, such
as shivering, hypotension, bronchospasm/laryngospasm,
oxygen desaturation, and respiratory depression after
surgery, this study found no significant difference with
neostigmine + atropine group.

5. LIMITATIONS

This study has limitations. Firstly, significant
heterogeneity was identified in several outcomes of
interest, potentially attributable to variations in the type
of surgery performed, differences in the dosage of
neostigmine + atropine administered to patients, and
diverse participant characteristics. This significant
variability suggests that additional research is needed to
understand how sugammadex performs across different
conditions and patient demographics. Secondly, most of
the studies included originated from Egypt and Turkey,
with lack of contributions from the American or

4. Secondary Outcome
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3.4.1. Adverse Events

Pooled analysis from twelve trials revealed that reversal
of neuromuscular blockade using sugammadex was
associated with lower risk of post-operative nausea and

European countries, thereby potentially constraining the
generalizability of the findings from this study. Third,
the included studies primarily evaluate short-term
recovery and immediate post-operative effects with lack
of data regarding long-term impact of sugammadex in
pediatric patients. Thus, studies with longer time of
follow-up duration are still needed to evaluate delayed
adverse effects that may arise from the use of
sugammadex. Ultimately, several included trials
exhibited a "some-concern™ risk of bias, particularly
regarding the randomization sequence and outcome
measurement, necessitating cautious interpretation of the
study's findings.

6. CONCLUSION

Compared with neostigmine, sugammadex may reverse
rocuronium-induced neuromuscular blockade more
rapidly and safely in pediatric patients. Further multi-
center RCTs with large sample sizes should be
conducted to help confirm the efficacy and safety of
sugammadex in this special population.
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