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ABSTRACT

Residual neuromuscular blockade (RNB) is linked to an increased risk of
perioperative adverse events. This study systematically evaluates the impact of
neuromuscular blockade antagonists on postoperative complications and quality of
recovery in surgical patients. We conducted a systematic review and meta-analysis to
compare the efficacy of sugammadex and neostigmine. Comprehensive searches were
performed across medical databases, including Web of Science, PubMed, Embase,
and the Cochrane Library, with a final search date of April.6, 2025. A total of
thirty-five randomized controlled trials (RCTs) involving 4,275 patients; along with
two retrospective studies comprising 49,642 participants, met the inclusion criteria.
The meta-analysis revealed that sugammadex facilitated faster reversal of RNB
compared to neostigmine, as indicated by a quicker recovery to a train-of-four ratio
(TOFR) > 0.9 (standardized mean difference [SMD] -3.45; 95% confidence interval
[CI], -4.42 to -2.48), a shorter extubation time (SMD -1.44; 95% CI, -2.02 to -0.85),
and a decreased incidence of RNB (risk ratio [RR] 0.18; 95% CI, 0.07 to 0.47).
Moreover, sugammadex significantly reduced postoperative complications compared
to neostigmine, including the incidence of postoperative nausea and vomiting (PONV)
(RR 0.64; 95% CI, 0.46 to 0.88), postoperative pulmonary complications (PPCs) (RR
0.62; 95% CI,.0.38 t0.0.99), and bradycardia (RR 0.32; 95% CI, 0.20 to 0.50). In
conclusion, sugammadex provides a faster reversal of neuromuscular blockade
compared to neostigmine and is associated with a reduction in postoperative
complications. However, this expedited reversal does not result in measurable
improvements in overall recovery quality, nor do either sugammadex or neostigmine

significantly affect postoperative cognitive function.

Keywords: Sugammadex, neostigmine, recovery, TOF, PONV, PPCs, cognitive

function.



INTRODUCTION

Each year, over 230 million major surgical procedures are performed globally, with
the majority requiring general anesthesia[ 1 ].Neuromuscular blocking agents (NMBAs)
are essential in this context, facilitating endotracheal intubation, muscle relaxation,
and optimal surgical field conditions. However, the use of NMBAs has been linked to
adverse postoperative outcomes, particularly residual neuromuscular blockade
(RNB)[2-4]. This condition has been associated with increased risks of pulmonary
complications, higher mortality rates, prolonged hospital stays,. elevated healthcare

costs, and greater overall medical burden[5].

Neostigmine, a cholinesterase inhibitor, is widely used as a reversal agent for residual
neuromuscular blockade, enabling faster recovery after general anesthesia. Despite its
clinical importance, residual blockade persists in approximately 40% of patients even
after neostigmine administration[6].This residual blockade, even when mild, can
impair respiratory function, swallowing, and the ability to maintain a patent airway,
particularly in elderly individuals. These impairments substantially increase the risk
of postoperative complications, including pneumonia, aspiration, and atelectasis[7-9].
Sugammadex, introduced.in 2008, is a gamma-cyclodextrin that selectively binds
rocuronium,  facilitating rapid and complete reversal of neuromuscular blockade
without adversely affecting the activity of upper airway dilators[10, 11]. Compared to
neostigmine, sugammadex offers superior efficacy in achieving a Train-of-Four Ratio
(TOFR) greater than 0.9[12]. However, its impact on broader clinical outcomes
remains uncertain. While some studies suggest potential benefits of sugammadex for

postoperative recovery, others report inconclusive or conflicting findings[13].

While numerous meta-analyses have compared sugammadex and neostigmine for

specific postoperative outcomes (e.g., pulmonary complications, PONV, train-of-four
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recovery)[14-16], key gaps persist: (1) insufficient evidence in high-risk populations
(e.g., bariatric patients, patients with high American Society of Anesthesiologists
[ASA] status, the elderly); (2) lack of integrated assessment of multidimensional
recovery; (3) unaddressed methodological heterogeneity. To overcome these
limitations comprehensively, we conducted the most comprehensive systematic
review and meta-analysis to date. Our study uniquely: (i) compares.the agents in
underrepresented high-risk cohorts using subgroup analyses; (i) synthesizes evidence
across critical recovery domains (PPCs, PONV, recovery scores, cognitive function,
discharge metrics) for a holistic view of convalescence. This provides tailored
evidence for complex clinical decisions where choice impacts tecovery, advancing

precision anesthesia practice beyond broad efficacy comparisons.

MATERIALS AND METHODS

The study protocol has been registered in advance with the PROSPERO database
(registration number CRD42024561006). The design of this research adhered to the
guidelines established by the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA), thereby ensuring thorough and comprehensive reporting
[17].

Inclusion and exclusion criteria

This systematic review employed the PICOS framework to define eligibility. We
included studies involving patients (P) undergoing general anesthesia and requiring
reversal of neuromuscular blockade. The interventions (I) and comparators (C) were
defined as follows: for trials evaluating sugammadex, the comparison was
neostigmine; for trials evaluating neostigmine, the comparison was either placebo or

standard care (without active reversal agent). Eligible studies were required to report



at least one primary outcome (time to train-of-four [TOF] ratio > 0.9 or extubation
time) or secondary outcome (e.g., incidence of residual neuromuscular blockade
[RNB], hospital length of stay, recovery room/operation room duration, quality of
recovery scores, incidence of postoperative nausea and vomiting [PONV],
postoperative pulmonary complications [PPCs], or bradycardia, 30-day hospital
readmission, or cognitive outcomes assessed by tools such as Mini-Mental State
Examination [MMSE] or Montreal Cognitive Assessment [MoCA]). Regarding study
design (S), we included randomized controlled trials (RCTs) comparing sugammadex
versus neostigmine or neostigmine versus placebo/control. Recognizing the potential
scarcity of RCTs specifically measuring cognitive outcomes,  high-quality
retrospective cohort studies (as determined by the Newcastle-Ottawa Scale [NOS])
were also included exclusively for the analysis of cognitive outcomes. Studies were
excluded if research data were unavailable or non-extractable, if they were deemed
low-quality by standardized assessment tools (Cochrane RoB 2.0 for RCTs; NOS
score < 5 for cohort studies), or.if they were non-human studies, case reports, reviews,

or conference abstracts.

Search strategy

Comprehensive literature searches were conducted across several databases, including
Web of Science, PubMed, EMBASE, and the Cochrane Libraries, up until April 6,
2025, encompassing both published works and preprints. The complete search

strategy is detailed in the Supplementary material 1.

Data extraction and quality assessment

Data extraction from the selected articles was carried out using a data collection table
by one investigator and then independently verified by a second investigator. Each

study included in this review was assessed for risk of bias by two independent
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investigators, who utilized the Cochrane quality assessment tool specifically designed
for evaluating randomized controlled trials. The Newcastle-Ottawa Scale (NOS) was
performed to evaluate the quality of retrospective cohort studies. The studies were
classified into two categories: 'low risk' or 'high risk'. Initial disagreements were
resolved through structured discussion between screeners with reference to
pre-defined inclusion/exclusion criteria, while persistent disagreements (<5% of cases)

were adjudicated by a senior investigator whose decision was final.

Statistical analysis

For the continuous variables, we assessed the available data by aggregating it to
determine the mean difference (MD) using a random effects model, supplemented by
a 95% confidence interval (CI). Conversely, for dichotomous variables, we compiled
the data by estimating a pooled risk ratio (RR) accompanied by a 95% CI, again
employing a random effects model. To assess heterogeneity across the studies, we
employed the Cochran-based I? statistic and the chi-square test; a p-value greater than
0.10 and an I? statistic below 50% were interpreted as indicative of low heterogeneity.
In instances where more than 10 studies were included, we conducted Egger’s and
Begg’s tests to evaluate potential publication bias. Statistical analyses were performed

using Stata software (version 15.0; StataCorp LLC, College Station, TX, USA).

RESULTS

Study selection

The procedure for retrieving results and selecting research articles is illustrated in the
flowchart presented in Figure 1. Initially, a total of 375 potentially relevant articles
were identified through the literature search. Ultimately, 37 studies were included in

the review for analysis.



Study characteristics

The characteristics of the included studies are summarized in Supplementary material
2. A total of 37 articles were considered for the meta-analysis, comprising thirty-five
randomized controlled trials (RCTs) involving 4,275 patients and two retrospective
studies encompassing 49,642 participants. Among these 37 studies, 11 focused on the
time required to achieve a train-of-four (TOF) ratio of 0.9[7, 12, 18-26], 14 examined
extubation time[5, 7, 12, 19, 20, 23, 24, 26-32], 5 assessed the incidence of residual
neuromuscular block (RNB)[8, 9, 25, 33, 34], 9 reported on the length of hospital
stay[5, 7-9, 23, 24, 28, 35, 36], 7 investigated PACU duration[7, 20, 24, 28,35-37], 3
analyzed operating room (OR) time[24, 28, 36], 3 evaluated the quality of recovery
scores[27, 32, 35], 16 addressed the incidence of postoperative nausea and vomiting
(PONV)[5, 8, 19, 23, 26, 28, 30, 32-34, 36-41], and 6 studied the occurrence of
pulmonary complications (PPCs)[5, 7-9, 23, 33]. Additionally, only 2 studies reported
the incidence of 30-day hospital readmissions[7, 8], 6 focused on the prevalence of
bradycardia[23, 31, 33, 40, 42, 43], and 7 evaluated postoperative cognitive
impairment[33, 44-49]. Among the 7 studies reporting cognitive outcomes, 3 studies
assessed postoperative delirium (POD) (using Confusion Assessment Method [CAM]/
brief Confusion Assessment Method [bCAM] daily within postoperative days 1-7),
while 4 studies assessed postoperative cognitive dysfunction (POCD) (using
MMSE/MoCA, "with impairment defined as postoperative Z-scores < -1.96;

measurementsvaried but commonly occurred at days 1, 3, and 7).

Risk of bias and quality assessment

The evaluation of bias indicated a minimal risk of bias for most of the studies
incorporated in this analysis. Comprehensive information about the individual studies,

their results, and the risk of bias can be found in Supplementary material 3.



Results of pooled analysis

A summary of the key results is presented in Table 1. The pooled outcome analyses
demonstrated comparable recovery profiles between sugammadex and neostigmine
for several parameters: PACU duration, OR time, hospital length of stay,
postoperative cognitive function, and recovery scores all showed no_statistically
significant differences. However, sugammadex demonstrated significant advantages
in critical recovery metrics: patients achieved TOF ratio > 0.9 faster, had shorter
extubation times, and exhibited lower rates of postoperative complications including

PONV, PPCs, and bradycardia.

Comparison of speed and quality of recovery

Sugammadex reversed neuromuscular blockade more rapidly than neostigmine on
TOF > 0.9 (11 trials, SMD -3.45 [-4.42 to -2.48]), and extubation time (14 trials,
SMD -1.44 [-2.02 to -0.85])< Sugammadex could significantly reduce the risk of RNB
compared with neostigmine (5 trials, RR 0.18 [0.07- 0.47]). (Figure 2) However,
pooled analysis indicated that hospital stay (9 trials, SMD -0.32 [-0.70 to 0.07]),
recovery room duration (7 trials, SMD -0.20 [-0.62 to 0.23]), operation room
duration(3 trials, SMD -0.60 [-1.20 to 0.01]), and quality of recovery scores (3 trials,
SMD -0.12 [-0.43 to 0:19]) were similar between sugammadex and neostigmine.

(Figure S1)

Comparison of the incidence of postoperative complications

Sugammadex significantly reduced the risk of postoperative complications on
incidence of PONV (16 trials, RR 0.64 [0.46-0.88]), incidence of PPCs (6 trials, RR
0.62 [0.38-0.99]), and incidence of bradycardia (6 trials, RR 0.32 [0.20-0.50]). (Figure
3)



Comparison of cognitive function and long-term outcomes

Sugammadex versus neostigmine regarding the occurrence of cognitive impairment
were similar (4 trials, RR 1.09 [0.77-1.54]). However, sugammadex was associated
with a lower 30-day readmission rate than neostigmine (2 trails, RR 0.39 [0.17-0.92]).
Neostigmine versus placebo did not promote better cognitive outcomes (3 trials, RR

0.66 [0.36-1.21]). (Figure 4)

Results of the subgroup analysis

Due to high heterogeneity observed in our primary outcomes (time to TOF ratio >
90% and extubation time), we performed subgroup analyses stratified by age,
American Society of Anesthesiologists (ASA) physical status classification, and body
mass index (BMI). The results demonstrated that the findings within the subgroups
were consistent with the overall results: Sugammadex achieved a faster time to TOF
ratio 90% compared to neostigmine(Figure S2a-c). Lower heterogeneity was observed
in the subgroups of age < 14 years, ASA class > 3, and BMI 3040 kg/m?. Similarly,
the extubation time was shorter in the'Sugammadex group than in the neostigmine
group(Figure S3a-c), with reduced heterogeneity specifically noted in the BMI > 40

kg/m? subgroup.

Analysis)of publication bias

The analysis™ conducted using Egger's and Begg's tests revealed no significant

publication bias for any of the primary outcomes, with a p-value >0.05.

DISCUSSION

We performed a systematic review and meta-analysis to assess the impact of

neuromuscular blockade antagonists on postoperative complications as well as the

9



overall quality of patient recovery. The compiled data demonstrated that sugammadex
exhibited greater efficacy than neostigmine in the reversal of neuromuscular blockade
and was linked to a decrease in postoperative complications. Nevertheless, this
expedited reversal did not inherently result in notable differences in overall recovery.
Additionally, the use of sugammadex and neostigmine seemed to have minimal effect
on postoperative cognitive function, and neostigmine did not demonstrate any

significant improvement in cognitive outcomes.

The findings of this study corroborated those of earlier systematic reviews[ 15, 16,
50], which also indicated a comparable decrease in peostoperative \complications
associated with sugammadex. However, these prior studies did not evaluate its effects
on various factors including the duration of hospital stays, Postanesthesia care unit
(PACU) stays, patient-reported satisfaction, cognitive function, or the incidence of
residual neuromuscular blockade (RNB). This study contributes valuable insights by
demonstrating that sugammadex is more effective than neostigmine in reversing
neuromuscular blockade and is associated with a reduction in postoperative
complications. Nevertheless, this enhanced reversal speed does not inherently
translate into variations in overall recovery efficiency[16]. Liu et a/[48]. found no
significant differences in theincidence of mortality within a 6-month period between
the neostigmine group and the placebo group. Similarly, Lebowski et al[5]. reported
no notable difference in 30-day postoperative mortality between the sugammadex and

neostigmine.

The administration of sugammadex can reduce the incidence of residual muscle
block(RNB), which is beneficial for patient recovery. However, perioperative
outcomes are the result of the interaction of multiple factors. Age, frailty, and ASA
classification are interrelated factors that collectively and significantly determine

patient prognosis, especially under surgical or physiological stress[51, 52].
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Furthermore, advancing age reduces physiological reserves, lowering tolerance,
recovery capacity, and immune function. While often linked (age predisposing to
frailty and higher ASA class), each factor independently contributes. Frailty
represents a state of increased vulnerability arising from a decline in the physiological
reserves of multiple systems, predisposing individuals to adverse health outcomes
even in response to minor stressors, such as minor surgery or mild infection[53-56].
ASA classification exhibits a strong positive correlation with complication and
mortality rates[57]. Crucially, their co-occurrence exponentially inereases risk, rather
than merely additively. Thus, prognosis rests on this ‘multifactorial basis. These
factors may account for the large heterogeneity observed in the meta-analysis results.
Our study mainly included patients with ASA ¢lass 1-2, which may have contributed
to the lack of difference in recovery outcomes due to the better preoperative physical
tolerance of the patients. While rapid reversal of neuromuscular blockade is an
important part of enhanced recovery, but it does not play a decisive role in the

patient's recovery.

The effect of neuromuscular blockade antagonists on perioperative neurocognitive
function in patients is still controversial[46-48]. Earlier research has indicated that
cholinesterase inhibitors may decrease the occurrence of postoperative cognitive
dysfunetion or postoperative delirium[47, 49]. Emerging evidence demonstrates that
neostigmine modulates immune-inflammatory activity via the cholinergic
anti-inflammatory pathway (CAP), with potential implications for perioperative
neurocognitive outcomes[58-62]. However, the precise mechanisms underlying
CAP-mediated effects remain incompletely characterized. While preclinical
investigations have demonstrated the compound's dual capacity for inflammation
regulation and cognitive protection in surgical settings, translational gaps persist[63].

Notably, current evidence predominantly originates from animal models, leaving
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critical questions regarding optimal dosing strategies, patient-specific responses, and
long-term neurological consequences unresolved in human populations. Our
systematic review revealed no significant cognitive protective advantage of
sugammadex versus neostigmine or neostigmine versus placebo. The included
studies primarily consist of single center randomized controlled trials or extensive
retrospective analyses, and they generally lack multi-center validation. ~Additionally,
the population under investigation is focused on patients undergoing surgery for
specific diseases, which limits their representativeness of the broader population[49].
Variability in the diagnostic scales employed for cognitive assessment and in the
timing of patient assessments across studies could also contribute to the

heterogeneity in the results.

Notably, sugammadex incurs substantially higher per-dose costs compared to
neostigmine (e.g., 20-30-fold price differences in.some healthcare systems), thereby
directly increasing perioperative ‘expenses. Prior studies in bariatric surgery[64],
hospital cost analyses[65], and single-center cost-effectiveness evaluations[66]
confirm this economic disadvantage, although sugammadex’s faster recovery profile
may partially “offset these costs in select populations. These findings collectively
underscore ~two imperatives: (1) sugammadex represents a pharmacologically
advanced option for the high-risk patients where rapid recovery is critical, and (2)
definitive  cost-effectiveness analyses—particularly those assessing long-term
recovery outcomes and context-specific value—are urgently needed to optimize its

strategic implementation.

High heterogeneity in our primary outcomes represents an important limitation of this
study, necessitating cautious interpretation of the results. This indicates that the effect
of the intervention (e.g., different neuromuscular reversal strategies) may vary

depending on patient characteristics, surgical type, or specific anesthesia practices;
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thus, our pooled effect estimates should be interpreted as an average effect.
Consequently, individualized clinical decision-making is warranted, and the findings
should not be indiscriminately generalized to all patient populations. However, the
direction of the primary effect remained consistent across most subgroups, supporting

the robustness of our main conclusions.

CONCLUSION

Sugammadex demonstrated superior efficacy in reversing neuromuscular. blockade
compared to neostigmine, with a notable reduction in postoperative complications.
However, this faster reversal did not translate into measurable improvements in
broader recovery outcomes, such as hospital length of stay or overall recovery
efficiency. Moreover, neither sugammadex nor neostigmine has been shown to
significantly affect postoperative cognitive function, and neostigmine was not
associated with improved cognitive outcomes. When economic considerations are set
aside, sugammadex appears to offer a safer and more effective pathway for patient
recovery than neostigmine, owing to its rapid and complete reversal of neuromuscular
blockade. These findings highlight the clinical advantages of sugammadex while
underscoring the need for further research to evaluate its cost-effectiveness and its

potential influence on long-term recovery outcomes.
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TABLES AND FIGURES WITH LEGENDS

Table 1. Pooled analysis of comparative outcomes between sugammadex and

neostigmine

Time of TOF >0.9 11 700 MD=-3.45 -4.42t0-2.48 94.4
Extubation time 14 1312 MD=-1.44 -2.02t0-0.85 95.5
PACU stay 7 565 MD=-0.20 -0.62t00.23  83.5
OR stay 3 260 MD=-0.60 21.20t0 0.01  80.8
Hospital length of stay 9 991 MD=-0.32 -0.70 t0 0.07  88.6
Recovery scores 3 443 MD=-0.12 -0.43t00.19 50.2
RNB incidence 5 608 RR=0.18 0.07-0.47 73.3
PONV incidence 16 1986 RR=0.64 0.46-0.88 53.6
PPCs incidence 6 802 RR=0.62 0.38-0.99 30.3
Bradycardia incidence 6 948 RR=0.32 0.20-0.50 0.0
30-day readmission rate . 2 300 RR=0.39 0.17-0.92 0.0
Cognitive  impairment 4 49953 RR=1.09 0.77-1.54 35.2
rate

(S versus N)

Cognitive  impairment 3 635 RR=0.66 0.36-1.21 54.8
rate

(N versus C)

Notes: TOF, Train-of-Four (neuromuscular monitoring); PACU, post-anesthesia care

unit; OR, operating room; RNB, residual neuromuscular blockade; PONYV,
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postoperative nausea and vomiting; PPCs, postoperative pulmonary complications;

MD, mean difference; RR, risk ratio; CI, confidence interval.
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Databases (n = 375)
PubMed (n = 92)

Web of Science (n = 37)
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Cochrane Library (n = 194)
Registers (n = 0)

|
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Records removed before
screening:
Duplicate records removed
(n=248)

(n=127)
!

Reports sought for retrieval

(n=50)
!

Reports assessed for eligibility
(n=43)

Records excluded (n = 77) :
Obvious irrelevance

Reports not retrieved (n =7) :
Not resuilt data (n = 6)
Small sample size (n = 1)

v

[

Studies included in review
(n=37)

Reports excluded (n = 6) :
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Without available data (n = 3)
Low quality reports (n = 2)

Figure 1. Flowchart illustrating the study selection process
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a

Study Sugammadex versus Neostigmine on the time to TOF > 90% %
ID SMD (95% Cl) Weight
Yu, Y. 2022 e E -8.56 (-9.82, -7.30) 8.38
Piskin, . 2016 - -2.49 (-3.05, -1.93) 9.45
Mohamad Zaini, R. H. 2016 —_—— -4.78 (-5.65, -3.91) 9.05
Carron, M. 2013 —— -3.57 (-4.58, -2.55) §.82
Farag, E. 2021 L .- -1.23 (-1.75,-0.71)  9.49
Gaszynski, T. 2012 | - -2.11(-2.70, -1.53) 942
I
lliman, H. L. 2011 —— _2.89 (-3.71, -2.06) 9.12
Li, L. 2021 —— E -5.01 (-6.06, -3.97) 8.77
I
Mraovic, B. 2021 | —— -1.74(-2.48, -1.01) 9.24
Niu, L. 2020 — -4.07 (-4.91,-3.22) 9.09
Sacan, O. 2007 E — -2.23 (-3.03, -1.44) 9.16
Overall (I-squared = 94.4%, p = 0.000) <> -3.45 (-4.42, -2.48) 100.00
NOTE: Weights are from random effects analysis :
T T
b. -9.82 0 9.82
Study  Sugammadex versus Neostigmine on the time to extubation %
ID SMD (95% ClI) Weight
Ledowski, T. 2021 H—~ -0.39 (-0.70, -0.09) 7.60
Yu, Y. 2022 - -1.31 (-1.75, -0.88) 7.45
Abola, R. E. 2020 = -0.15 (-0.65, 0.35) 7.35
h
Ajetunmabi, O. 2024 T -0.25 (-0.61, 0.11) 7.54
Mohamad Zaini. 2016—#— 6.29(-737,-521) 615
Carron, M. 2013 | ~0.61 (-1.24, 0.03) 7.12
Farag, E. 2021 I 0.00 (-0.48, 0.48) 7.39
Hakimoglu, S. 2016 e -0.83 (-1.35, -0.30) 7.30
Korkmaz, M. O. 2019 —_— —2.86 (-3.53, -2.19) 7.05
Koyuncu, O. 2015 | - -0.59 (-0.99, -0.19) 7.49
Li, L. 2021 —_— E -5.93 (-7.12, -4.74) 5.88
Mraovic, B. 2021 —‘:— -1.50 (-2.20, -0.79) 6.98
Sacan, 0. 2007 —— -1.26 (-1.95,-058)  7.03
Paech, M. J. 2018 I 0.00 (-0.22, 0.22) 7.68
Overall (I-squared = 95.5%, p = 0.000) <Y> -1.44 (-2.02, -0.85) 100.00
NOTE: Weights are from random effects analysis 1
T T
-7.37 0 7.37
C.
Study Sugammadex versus Neostigmine on postoperative residual neuromuscular blockade %
ID RR (95% Cl) Weight
Alday, E. 2019 ' - 0.44 (0.29, 0.65) 33.34
Togioka, B. M. 2020 —_ 0.20 (0.10, 0.38) 30.24
Brueckmann, B. 2015 ——— &+ 0.02 (0.00, 0.25) 8.59
Lu, L. 2024 _ 0.11 (0.01, 2.04) 8.11
Niu, L. 2020 —o-— 0.14 (0.04, 0.58) 19.73
Overall (I-squared = 73.3%, p = 0.005) <> 0.18 (0.07, 0.47) 100.00
:
NOTE: Weights are from random effects analysis E
T T
00096 ‘ 1046

Figure 2. Comparative assessment of recovery speed between sugammadex and

neostigmine, evaluated through Train- of- Four (TOF) ratios and extubation times.
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a.

Study Sugammadex versus Neostigmine on the incidence of PONV %
ID RR (95% Cl) Weight
Castro, D. S. 2014 T 0.38 (0.11, 1.32) 4.58
Ding, X. 2023 —_— 0.19 (0.08, 0.45) 7.52
Paech, M. J. 2018 :—0— 1.18 (0.77, 1.82) 12.28
Tas Tuna, A. 2017 — 0.86 (0.56, 1.33) 12.32
Yagan, 0. 2017 — 0.30 (0.10, 0.84) 5.86
Ledowski, T. 2021 —— 0.81 (0.37, 1.78) 8.12
Togioka, B. M. 2020 —_—— 0.82 (0.43, 1.58) 9.56
Ajetunmobi, O. 2024 - 0.95 (0.71, 1.27) 13.99
Mohamad Zaini. 2016 - 0.07 (0.00, 1.13) 1.18
Brueckmann, B. 2015 — 0.21 (0.02, 1.74) 1.98
Korkmaz, M. O. 2019 —_— 0.11(0.01, 0.83) 2.18
1
Li, L. 2021 +— 0.33 (0.04, 3.03) 1.85
Lu, L. 2024 -~ 0.34 (0.01, 8.13) 0.96
Putz, L. 2016 —— 1.00 (0.26, 3.78) 4.23
Sacan, 0. 2007 —4—'— 0.67 (0.22, 2.01) 5.49
Wu, X. 2014 - 0.95 (0.43, 2.13) 7.91
Overall (I-squared = 53.6%, p = 0.006) 0 0.64 (0.46, 0.88) 100.00
NOTE: Weights are from random effects analysis :
T T
.00394 1 254
b.
Study Sugammadex versus Neostigmine on postoperative pulmonary complications %
ID RR (95% CI) Weight
|
Alday, E. 2019 —_— 0.77 (0.47, 1.28) 36.24
Ledowski, T. 2021 _— e 1.46 (0.25, 8.54) 6.46
Togioka, B. M. 2020 —_— 0.76 (0.45, 1.29) 34.70
Yu, Y. 2022 —o—i— 0.29 (0.10, 0.81) 15.50
Brueckmann, B. 2015 —o—— 0.26 (0.03, 2.27) 4.43
Li, L. 2021 0.08 (0.00, 1.31) 2.68
Overall (I-squared = 30.3%, p = 0.208) Q 0.62 (0.38, 0.99) 100.00
NOTE: Weights are from random effects analysis é
T T
c. 00453 1 221
Study Sugammadex versus Neostigmine on the incidence of bradycardia %
ID RR (95% CI) Weight
Herring, W. J. 2021 + 0.18 (0.04, 0.78) 9.42
Yagan, O. 2017 : 0.19 (0.01, 3.90) 223
Brueckmann, B. 2015 € - 0.12(0.01, 2.11) 2.40
Koyuncu, O. 2015 —_— 0.14 (0.02, 1.12) 4,78
Voss, T. 2022 —_—— 0.37 (0.23, 0.61) 81.17
Li, L. 2021 ; (Excluded) 0.00
Overall (I-squared = 0.0%, p = 0.639) @ 0.32 (0.20, 0.50) 100.00

NOTE: Weights are from random effects analysis

T
.00633 1

Figure3. Comparative

incidence of postoperative complications

between

sugammadex and neostigmine. A study reporting zero events in both arms was

omitted from the analysis.
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a.

Study Sugammadex versus Neostigmine on postoperative cognitive function %

ID RR (95% Cl)  Weight
RCT i

Batistaki, C. 2017 —_— 0.53 (0.16, 1.68) 8.05
Brueckmann, B. 2015 3.12(0.13, 75.39) 1.18
Subtotal (I-squared = 6.4%, p=0.301) <[~ 0.68 (0.20, 2.29) 0.23
Retrospective study

Oh, C. S. 2016 e 0.91 (0.61, 1.38) 36.67
Réssler, J. 2024 1.33 (1.04, 1.70) 54.11
Subtotal (l-squared = 58.1%, p = 0.122) 1.14 (0.80, 1.64) 90.77

Overall (I-squared = 35.2%, p = 0.201) 1.09 (0.77, 1.54) 100.00

NOTE: Weights are from random effects analysis

T 1
b. .0133 1 75.4

Study Neostigmine versus Control on postoperative cognitive function %

D RR (95% CI) Weight
Deng, C. 2024 ‘ 0.69 (0.21, 2.32) 17.91
Liu, F. 2022 Y - 0.92 (0.63, 1.37) 49.05

Zhu, B. 2020 ——— 0.38 (0.19, 0.79) 33.05

Overall (I-squared = 54.8%, p = 0.109) C> 0.66 (0.36, 1.21) 100.00

NOTE: Weights are from random effects analysis

C. .187 1 5.34
Study Sugammadex versus Neostigmine on 30-day hospital readmission rate %
ID RR (95% CI) Weight
Togioka, B. M. 2020 _ e 0.33 (0.13, 0.88) 76.28
Yu, Y. 2022 0.67 (0.12, 3.82) 23.72

Overall (I-squared = 0.0%, p = 0.496)0 0.39(0.17,092)  100.00

NOTE: Weights are from random effects analysisé

116 1 8.6

Figure 4. Comparison of sugammadex and neostigmine regarding postoperative
cognitive function and long-term recovery outcomes, illustrating their respective

impacts on cognitive performance and extended health indicators.
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