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Purpose: Sugammadex is a novel selective relaxant binding agent for aminosteroid neuromuscular blocking agents (NMBAs). 
However, existing literature reveals major knowledge gaps regarding its current applications and emerging research trends. Therefore, 
this study employed bibliometric analysis to map the evolutionary trajectory and research frontiers in sugammadex studies over the 
past 15 years.
Methods: Publications on sugammadex (2009–2024) along with neostigmine studies (1993–2008) were retrieved from the Web of 
Science Core Collection. Data aggregation was performed using Microsoft Excel, while bibliometric visualizations were generated 
through the Bibliometrix package in R software. Additional network analyses were conducted using VOSviewer and CiteSpace.
Results: The analysis encompassed 765 articles. Sugammadex-related research exhibited a notable upward trend, particularly from 2017 to 
2021. The United States of America (USA) emerged as the most productive country in publication output (186 articles) and demonstrated 
superior quality (h-index: 16). Among institutions, Merck & Co. contributed the highest number of publications (74). Similar to 
neostigmine, key research areas for sugammadex have included: pharmacokinetics and pharmacodynamics, adverse reactions, clinical 
applications, and specific patient populations. This focus is evidenced by substantial common references and keywords.
Conclusion: Sugammadex surpasses neostigmine in rapidly, effectively, and safely reversing NMB induced by rocuronium/vecuronium 
across all depths. Its use expands to reversing residual NMB from NMBAs in various patient groups (hepatic/renal impairment, obese, 
neuromuscular disease, elderly, pediatric) and scenarios like difficult airways. Future research will focus on adverse reactions, effects in 
special populations, establishing quantitative NMB monitoring standards, and understanding NMBA antagonism failure mechanisms.
Keywords: Sugammadex, org25969, bibliometric analysis, neuromuscular blockade, specific populations, research trends

Introduction
In surgeries under general anesthesia, neuromuscular blocking agents (NMBAs) optimize tracheal intubation and surgical 
exposure. However, undetected residual neuromuscular blockade (NMB) carries perioperative mortality risks.1 

Preventing residual NMB requires: precise NMBA dosing, intraoperative monitoring, and postoperative antagonism.2 

Neostigmine (a cholinesterase inhibitor) and sugammadex are common antagonists. Table 1 compares their profiles.1–3 

Neostigmine, a common neuromuscular blockade antagonist and cholinesterase inhibitor, has been widely used in clinical 
settings since the 1950s to reverse postoperative residual neuromuscular blockade.4 Nonetheless, the incidence of 
residual neuromuscular blockade remains significantly elevated.5 In July 2008, the European Medicines Agency 
(EMA) approved sugammadex. Sugammadex, a novel altered γ-cyclodextrin, is utilized to antagonize the steroid non- 
depolarizing neuromuscular blockers, specifically rocuronium and vecuronium. Unlike conventional antagonists such as 
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neostigmine, sugammadex reduces the concentration of non-depolarizing neuromuscular blockade in the bloodstream by 
encapsulating them and forming complexes, thereby reversing NMB induced by rocuronium or vecuronium. In 
comparison to neostigmine, sugammadex presents several significant clinical advantages, including swift and reliable 
reversal of NMB at any depth, improved patient safety and decreased occurrence of residual NMB during recovery and 
more efficient utilization of healthcare resources.6 Bibliometrics involves the application of mathematical and statistical 
techniques to analyze publications across various fields, enabling the evaluation of contributions and collaborations 
among various countries/regions, institutions, journals, and authors. This approach encompasses clustering and burst 
detection of keywords and references, which aid in identifying research focal points, assessing academic productivity, 
and determining trends in clinical research.7,8 While sugammadex is broadly acknowledged as an innovative neuromus
cular blocking agent, there is a scarcity of information in the literature concerning present and future trends. Since the 
approval of sugammadex in 2008, we identified and analyzed studies conducted over the subsequent 15 years (from 2009 
onward) and compared these findings with those from neostigmine-related studies published between 1993 and 2008. 
Therefore, the aim of this study was to explore future research trends and significant issues related to sugammadex by 
performing a bibliometric analysis and comparing it with the keyword co-occurrence analysis of neostigmine.

Methods
Data Sources and Search Strategies
This research utilized the Web of Science Core Collection (WoSCC) as its main database. WoSCC is widely acknowledged as 
a leading literary resource and is considered the most appropriate choice for performing bibliometric analyses.9,10

The employed search strategy encompassed the following terms: (TS=sugammadex) OR (TS=org25969), spanning 
publications from 2009 to 2024.

Inclusion and Exclusion Criteria
The criteria for inclusion were established as follows: (1) Original research articles, (2) Publications in English language, 
(3) Research articles published between January 1, 2009 and November 11, 2024.

Exclusion criteria included: (1) Studies unrelated to sugammadex; (2) articles where sugammadex was not the 
primary focus; (3) abstracts, editorials, conference proceedings, meeting summaries, letters, book chapters, retracted 

Table 1 A Comparative Analysis of Neostigmine and Sugammadex

Parameter Neostigmine Sugammadex

Drug Category Cholinesterase inhibitor Modified γ-cyclodextrin

Mechanism of Action Acetylcholinesterase, increasing acetylcholine levels at 

synaptic junctions to competitively reverse non- 
depolarizing neuromuscular blockers

Binds and encapsulates aminosteroidal neuromuscular 

blockers (eg, rocuronium) via molecular encapsulation, 
forming inactive complexes excreted renally

Indication Reverses non-depolarizing blockade Specific reversal of aminosteroidal neuromuscular blockers 
(eg, rocuronium, vecuronium)

Onset of Action 9–10 minutes 1–2 minutes

Duration of Effect 1–2 hours 2–4 hours

Dosing 30 −50µg/kg 2 mg/kg (TOFC=2,3or 4,TOFR<0.9); 4 mg/kg (PTC=2 to 

TOFC=1);16mg/kg (PTC=0)

Adverse Effects Bradycardia, hypersalivation, increased bowel motility, 

Requires co-administration with atropine

Allergic reactions (rare but severe),Dysgeusia, hypotension

Costs Low High

Abbreviations: PTC, post-tetanic count; TOFC, train-of-four count; TOFR, train-of-four ratio.
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publications, or notices of concern; (4) articles lacking an abstract or a digital object identifier (DOI); (5) articles that are 
not available in their entirety. All literature compilation and data gathering were finalized by November 11, 2024.

Statistical Analysis and Visualization
Data pertaining to sugammadex were transformed into txt format and exported for bibliometric analysis using CiteSpace (6.3. 
R3), R 4.3.3 “bibliometrix” (https://www.bibliometrix.org), and VOSviewer. CiteSpace, a visualization tool created by 
Professor Chaomei Chen and built on Java, proficiently highlights significant scientific institutions, key authors, and essential 
keywords, while also mapping out research trends and trajectories.11,12 In the visual maps produced by CiteSpace, each node 
represents a country, institution, author, journal, or keyword. Node dimensions represent the frequency of occurrence or 
citation, while color indicates the year. In the visualization map, the outermost purple ring represents the centrality of each 
node, where a thicker ring signifies a greater degree of centrality. Nodes exhibiting high centrality (> 0.1) generally regarded as 
pivotal or critical points in a field.13 The evaluation of the network’s overall structural properties through cluster analysis 
employed both modularity (Q value) and mean silhouette scores (S value). A cluster quality was considered acceptable when 
the conditions Q > 0.3 and S > 0.5 were met. The “Bibliometrix package”, a tool designed for bibliometric analysis in R, 
provides a range of functions and visualization tools that facilitate the monitoring of research themes across different time 
periods and the evaluation of journals.13 The tools VOSviewer (version 1.6.20) and an online bibliometric platform (accessible 
at https://bibliometric.com) were employed to produce a visual network analysis illustrating the collaborative interactions 
among various countries, as well as to create a density visualization map of the keywords.

Results
From January 1, 2009 to November 11, 2024, 1,518 publications on sugammadex were identified. Upon the removal of 
conference abstracts, editorials, publications in languages other than English, as well as other categories of documents 

Figure 1 PRISMA flowchart of the study.
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deemed irrelevant, 765 articles remained for further evaluation. These articles were then carefully reviewed by two 
research teams, who examined the titles and abstracts to eliminate any studies irrelevant to sugammadex. Ultimately,765 
articles satisfied the eligibility criteria and were incorporated into in the final analysis (Figure 1).

Annual Publications and Annual Citations
This bibliometric analysis encompasses a total of 765 publications that have garnered a cumulative total of 13,492 
citations, resulting in an average of 16.45 citations per individual publication, and the analysis indicates an h-index of 55 
as of the year 2024. As illustrated in Figure 2, during the first two years, no research results were published. 
Subsequently, the number of publications gradually grew each year, but it was not until 2019 that the annual publication 
counts surpassed 50. In parallel, annual citations steadily increased from 2011 to 2024, peaking in 2023 with a total of 
1,795 citations.

Publications by Countries/Regions
The number of sugammadex-related publications by countries/regions from 2009 to 2024 is illustrated in Figure 3A. 
Over this period, the United States of America (USA) generated the largest quantity of publications (n=186, 24.31%), 
followed by South Korea (n=98,12.81%) and China (n=84,10.98%). The USA has maintained a significant lead since 
2020, while the number of China annual publications overtook that of South Korea by 2021. Figure 3B illustrates the 10 
leading countries/regions with the highest total number of publications (Np), total citations (Tc), and total link strength 
(TLS), with the USA leading in both academic output and scholarly contributions to sugammadex research. Figure 3C 
distinguishes between Single Country Publications (SCP), characterized by authors hailing from a single nation, and 
Multiple Country Publications (MCP), which involve contributions from authors across various countries. Notably, the 
Netherlands and France have the largest number of international co-authors in sugammadex research, while the USA has 
shown a stronger tendency toward internal collaborations.

Publications by Institutions
To evaluate the academic impact of institutions, we identified the top 10 based on publication counts. The leading 
institutions ranked by the quantity of their publications were Merck & Co. (USA, n = 49), Seoul National University 
(South Korea, n = 27), Harvard University (USA, n = 23) and Massachusetts General Hospital (USA, n = 15) 
(Figure 4A). Merck & Co. achieved the highest centrality score of 0.39 among international institutions, underscoring 
its prominent role in global sugammadex research, as shown in Figure 4B and C. Meanwhile, Merck & Co. has been 

Figure 2 Trend Analysis of Sugammadex-related Publications and Citations: 2009–2024.
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Figure 3 Visualization Map of Countries/Regions. (A) Sugammadex-related articles published from 2009 to 2024 by countries/regions. (B) The top 10 countries with the 
most Sugammadex-related articles published from 2009 to 2024. (C)The top 10 countries with the most corresponding authors.

Figure 4 Cooperation Between Institutions on Sugammadex. (A) Cooperation networks between different institutions; (B) The top 10 institutions in count; (C) The top 10 
institutions in centrality.
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instrumental in pioneering research and fostering collaborations that have significantly boosted overall research produc
tivity. Researchers from institutions in the USA and South Korea have also made substantial contributions, particularly in 
advancing key areas of sugammadex research.

Analysis of Authors and Cited Authors
The analysis of 765 screened publications revealed that 200 authors contributed to sugammadex-related research. Table 2 
presents the top 10 cited authors according to their total citations and publications, while Figure 5A shows annual 
variations in their research output. In this figure, authors’ names are plotted on the vertical axis and publication years are 
shown on the horizontal axis. The dimensions of the circles denote the volume of publications, with larger circles 
indicating higher output, while the color intensity reflects the average annual citation count, with darker colors signifying 
greater citations. Manfred Blobner from University of Ulm leads both in publication counts (12 articles) and citation 
counts (178 citations), as shown in Figure 5B. Professor Suzuki Takahiro has contributed to sugammadex research since 
2011, continuing through 2022.

Analysis of Journals
The authority and influence of journals are mainly measured by its citation count. Table 3 presents the 10 most active 
journals, ranked according to various metrics, including Journal Citation Reports (JCR) quartile, impact factor (IF), 
h-index, g-index, m-index, total number of citations (Tc), total number of publications (Np), and the year of publication 
start (PY_start). The British Journal of Anaesthesia, with 43 publications, ranks first, receiving a total of 1,998 citations. 
The journals with the highest impact factors were the British Journal of Anaesthesia (9.1) and Anesthesiology (9.1), 
followed by Anaesthesia (7.5) and Anesthesia and Analgesia (4.6). According to Bradford’s law, nine core source 
journals are categorized in Zone 1 (Figure 6A). Regarding centrality, Acta Anaesthesiologica Scandinavica achieved the 
highest score (0.18) among all journals (Figure 6B). These journals are widely regarded within the anesthesia field, 
known for their significant impact and esteemed reputation.

Analysis of References
● Analyzing cited references is a key method for identifying emerging trends and uncovering research opportunities 

in any academic field. The co-citation graph of references (Figure 7A) includes 106 nodes and 177 edges. The nodes 
are color-coded by publication date, while the dimensions of each node correspond to frequency with which 
a reference is cited. A purple circle surrounding a node indicates its centrality, highlighting its importance within the 

Table 2 The Top 10 Most-Cited Authors in Sugammadex

Rank Author h_index g_index m_index TC NP PY_start

1 Blobner Manfred 10 12 0.909 603 12 2014

2 Eikermann Matthias 10 12 0.769 528 12 2012

3 Woo Tiffany 9 10 0.818 407 10 2014

4 Oh Ah-young 8 12 0.889 213 12 2016

5 Saito Shigeru 8 9 0.571 237 9 2011

6 Suzuki Takahiro 8 14 0.571 287 14 2011

7 Dahan Albert 7 8 0.583 390 8 2013

8 De Kam Pieter-Jan 7 11 0.538 181 11 2012

9 Koo Bon-Wook 7 8 0.778 191 8 2016

10 Takazawa Tomonori 7 8 0.636 287 8 2014

Abbreviations: TC, total citation; TP, total publication; PY_start, start of publication year.
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network of references. The most cited reference is “Post-Anesthesia Pulmonary Complications After Use of Muscle 
Relaxants (POPULAR): A Multicenter, Prospective Observational Study” by Eva Kirmeier, which has a centrality 
score of 0.30 and 238 citations. The reference with the highest centrality, “Retrospective Investigation of 

Figure 5 Authors Analysis on Sugammadex. (A) Authors’ productions over time; (B) Most local cited authors.

Table 3 The Top 10 Journals with the Most Sugammadex-Related Articles

Rank Source JCR IF 
(2022)

h-index g-index m-index TC NP PY_start

1 British Journal Of Anaesthesia 1 9.1 27 43 1.929 1998 43 2011

2 Anaesthesia 1 7.5 15 17 1.071 594 17 2011

3 Anesthesia And Analgesia 2 4.6 15 26 1.071 734 40 2011

4 Anesthesiology 1 9.1 14 19 1 926 19 2011

(Continued)
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Postoperative Outcome After Reversal of Residual NMBAs (Neuromuscular Blockades): Sugammadex, 
Neostigmine, or No Reversa” by Thomas Ledowski (centrality = 0.60), is recognized as a critical node in the co- 
citation network, marking it as a pivotal work in the field.

Figure 6 Journals Analysis on Sugammadex. (A) Core Journals by Bradford’s law. (B) The top 10 cited journals in centrality.

Table 3 (Continued). 

Rank Source JCR IF 
(2022)

h-index g-index m-index TC NP PY_start

5 Journal Of Clinical Anesthesia 2 5 14 19 1.077 380 23 2012

6 Acta Anaesthesiologica Scandinavica 4 1.9 12 15 0.857 416 15 2011

7 Journal Of Anesthesia 3 2.8 12 17 0.857 333 30 2011

8 BMC Anesthesiology 3 2.3 11 15 1 300 36 2014

9 European Journal of Anaesthesiology 2 4.2 11 22 0.786 508 26 2011

10 Canadian Journal of Anesthesia-Journal Canadien 

D Anesthesie

3 3.4 9 16 0.643 256 16 2011

Abbreviations: JCR, Journal Citation Reports; IF, impact factor; TC, total citation; NP, number of publication; PY_start; Publication Year Start, indicating the year the journal 
started publication.;h_index, The h-index of the journal; which measures both the productivity and citation impact of the publications. g_index, The g-index of the journal, which 
gives more weight to highly cited articles; m_index, The m-index of the journal, which is the h-index divided by the number of years since the first published paper.
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Cluster analysis of cited references identified eleven key research clusters (Q value = 0.6548, S value = 0.8634), 
which are as follows: #0 postoperative pulmonary complications, #1 rocuronium-induced neuromuscular blockade, #2 
surgical condition, #3 a critical appraisal, #4 real problem, #5 neuromuscular blockade and #6 current practice 
(Figure 7B). These clusters represent the primary areas of focus within sugammadex research.

References exhibiting high “burst intensity” have a greater impact on shaping future research directions. Burst 
intensity is a measure of how frequently a reference is cited in a short time, reflecting its sudden influence. The two 
references with the highest burst strength were “Sugammadex versus Neostigmine for Reversal of Neuromuscular 
Blockade and Postoperative Pulmonary Complications (STRONGER): A Multicenter Matched Cohort” (burst 
strength=28.35) and “Efficacy and safety of sugammadex versus neostigmine in reversing neuromuscular blockade in 
adults” (burst strength = 19.79) (Figure 7C).

Keywords Analysis
Table 4 presents the top 20 keywords pertaining to sugammadex research, ranked by total link strength (TLS), a measure 
of their impact. Among these, sugammadex appears most frequently, with 360 occurrences, followed by NMBAs (143), 
rocuronium (136), and neostigmine (90).

Keywords serve as the central themes of research articles. To identify the current research hotspots, we conducted a co- 
occurrence analysis of keywords that appeared more than eight times using VOSviewer. This analysis produced a keyword 
co-occurrence network (Figure 8A), which were classified into 9 clusters. The main cluster are cluster 1 (red, n = 28) 

Figure 7 Cited References Analysis on Sugammadex. (A)The network map of cited references; (B) The clustering of cited references; (C) The top 20 cited references with 
the strongest citation bursts.
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primarily focuses on comparisons between sugammadex and neostigmine in reversing NMBAs after general anesthesia. 
Cluster 2 (green, n = 20) examines postoperative pulmonary complications caused by residual NMB. Cluster 3 (blue, n = 18) 
focuses on reversing the residual NMBAs following general anesthesia. Cluster 4 (yellow, n = 12) focuses on using NMBAs 
during thyroid surgery under general anesthesia. Cluster 5 (purple, n = 11) focuses on the anaphylaxis or hypersensitive 
reactions while applying sugammadex or NMBAs. Cluster 6 (light blue, n = 6) focuses on study on the pharmacokinetics of 
cyclodextrins. In Figure 8B, the keywords are color-coded based on their average occurrence time. Specifically, words 
highlighted in blue denote an earlier appearance, whereas those represented in yellow signify a more recent occurrence. The 
average publication year (APY) indicated that the most recent keywords were postoperative pulmonary complications 
(Cluster 2, APY: 2021.7), postoperative nausea and vomiting (Cluster 9, APY: 2021.12), and “glycopyrrolate” (Cluster 1, 
APY: 2022.6). These topics are closely associated with the investigation of sugammadex effects on residual neuromuscular 
blockades and its clinical applications in special populations. Figure 8C displays the frequency of keywords within each 
cluster, with red indicating high frequency and blue indicating lower frequency.

Utilizing the citation burst detection feature in CiteSpace, we uncovered emerging trends through keyword analysis. 
Over the past 15 years, the relaxant binding agent exhibited the strongest citation burst (burst strength = 7.61), reflecting 
a sustained and intensified research focus in this domain. Keywords such as pulmonary complications, residual 
neuromuscular blockade, and postoperative pulmonary complications have recently garnered significant attention, 
establishing themselves as key areas of research (Figure 8D).

Table 4 The Top 20 Keywords Related to Sugammadex

Rank Keyword Occurrences Total Link Strength

1 Sugammadex 360 624

2 Neuromuscular blockade 143 321

3 Rocuronium 136 320

4 Neostigmine 90 213

5 Neuromuscular blocking agent 55 123

6 Anesthesia 42 83

7 Neuromuscular monitoring 34 82

8 Reversal 17 50

9 Postoperative pulmonary complications 21 49

10 Laparoscopy 18 46

11 Anaphylaxis 24 39

12 Succinylcholine 13 30

13 Vecuronium 11 30

14 Glycopyrrolate 11 27

15 Cyclodextrin 12 24

16 Surgery 7 23

17 Electroconvulsive therapy 7 21

18 General anesthesia 11 20

19 Laparoscopic surgery 6 20

20 Pharmacokinetics 10 18
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Finally, Tables 4 and 5 present the top 20 keywords for sugammadex and neostigmine research, respectively. 
Sugammadex remains the most frequent keyword in both groups, as it is a key antagonist of neuromuscular blockers.

In neostigmine-related research, the most frequent keywords include neostigmine (134 occurrences), acetylcholine 
(80), microdialysis (30), and acetylcholinesterase (27).

Figure 8 Keywords Analysis on Sugammadex. (A) The network visualization of keywords analysis; (B) The overlay visualization of keywords analysis; (C) The density 
visualization of keywords analysis. (D) The top 20 keywords with the strongest citation bursts.

Table 5 The Top 20 Keywords Related to Neostigmine

Rank Keyword Occurrence Total Link Strength

1 Neostigmine 134 165

2 Acetylcholine 80 133

3 Microdialysis 30 62

4 Acetylcholinesterase 27 45

5 Analgesia 20 40

6 Striatum 13 33

7 Muscarinic receptors 18 32

(Continued)
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Funding Analysis
A total of 765 publications (97.4% of all analyzed studies) received funding from 200 distinct agencies. As shown in 
Table 6, Merck & Co. (USA) was the leading funder, supporting 48 publications. Geographically, seven of the top 10 
funding agencies were based in the United States, three in China and Japan collectively, and one in the Netherlands. The 

Table 6 The Top 10 Funding Agencies for Sugammadex Researches

Rank Funding Agencies Country Count (%)

1 Merck Company USA 48 26.37

2 National Natural Science Foundation Of China Nsfc China 19 10.43

3 Ministry Of Education Culture Sports Science And Technology Japan Mext Japan 17 9.34

4 National Institutes Of Health Nih USA USA 15 8.24

5 United States Department Of Health Human Services USA 15 8.24

6 Grants In Aid For Scientific Research Kakenhi Japan 14 7.69

7 Japan Society For The Promotion Of Science Japan 14 7.69

8 Morgan Stanley Emerging Markets Debt Fund Inc USA 9 4.94

9 Merck Sharp Dohme Corp A Subsidiary Of Merck Co Inc Whitehouse Station Nj USA USA 7 3.84

10 Investigator Initiated Studies Program Of Merck Sharp Dohme Corp USA 6 3.29

Ministry Of Science And Technology Taiwan China 3.29

Netherlands Government Netherlands 3.29

Wu Jieping Medical Foundation China 3.29

Table 5 (Continued). 

Rank Keyword Occurrence Total Link Strength

8 Pain 14 32

9 Spinal cord 19 28

10 Nicotinic receptors 9 26

11 Nicotine 12 24

12 Hippocampus 9 23

13 Dopamine 9 22

14 Physostigmine 10 22

15 Rat 13 22

16 Clonidine 12 20

17 Antinociception 11 19

18 Cholinesterase 13 19

19 Cholinesterase inhibitors 7 18

20 Postoperative 5 17
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concentration of research funding in the United States mirrors its leading role in sugammadex studies, a position 
bolstered by substantial investments in biopharmaceutical innovation.

Discussion
This bibliometric analysis systematically assessed 765 articles on sugammadex published over the past 15 years. Using 
CiteSpace and VOSviewer, we mapped and analyzed prevailing research trends, examined their evolution, and identified 
potential avenues for future exploration in sugammadex research.

Basic Information Analysis
Based on the CiteSpace bibliometric analysis, the number of publications on sugammadex has consistently risen over the last 
15 years, with a notable surge around 2019, which followed the approval of sugammadex in China in 2017. In terms of global 
contributions, the USA and its institutions maintain a dominant position, reflected in their high centrality, which underscores 
their pivotal role in sugammadex research and international collaboration. This preeminence is probably due to the USA’s 
advanced research infrastructure, significant investment in scientific innovation, and a setting that fosters groundbreaking 
discoveries. Manfred Blobner from Ulm University is the most prolific and most referenced author in this domain. His 
extensive body of work has significantly shaped our understanding of sugammadex, particularly through studies addressing its 
optimal dosage for reversing the neuromuscular blockade effects of rocuronium and vecuronium, comparisons with neos
tigmine, postoperative pulmonary complications, and its application in specific populations, as well as in perioperative 
neuromuscular monitoring.14–18 The British Journal of Anaesthesia was the most cited journal in the field, followed by 
Anaesthesia and Anesthesia & Analgesia. These journals are highly influential within anesthesiology. Additionally, the most 
cited reference was “post-anesthesia pulmonary complications after use of muscle relaxants (POPULAR): a multicenter, 
prospective observational study”, authored by Eva Kirmeier. This study provided critical insights into the recommended 
dosing of sugammadex for reversing moderate and deep muscle relaxation caused by rocuronium and vecuronium.

Comparative Analyses of Sugammadex and Neostigmine Based on Keywords
Neostigmine, commonly used to reverse NMBAs, is linked to various adverse effects. When administered with antic
holinergic drugs, adverse effects including tachycardia, postoperative urinary retention, blurred vision, and sedation. 
While sugammadex does not require the use of anticholinergics, it is also linked to several potential complications, 
including postoperative residual NMB, allergic reactions, coagulopathy, cardiovascular effects, bronchospasm, laryngos
pasm, nausea, vomiting, prolonged renal excretion, mitochondrial neural cell apoptosis, and a metallic taste. In clinical 
practice, neostigmine is typically administered when a Train of Four (TOF) T2 response is observed upon completion of 
the surgery. The recovery time from NMBAs with neostigmine varies depending on the dosage and combination of 
anticholinergic agents. The recovery time from muscle relaxation following an injection of neostigmine at 0.02 mg/kg 
and atropine at 0.01 mg/kg, or neostigmine at 40 μg/kg and atropine at 0.02 mg/kg, or neostigmine at 70 μg/kg and 
glycopyrrolate at 14 mg/kg, ranges from 35.7 to 65.6 minutes. In comparison, sugammadex offers a faster and more 
reliable reversal of NMBAs. For moderate block (with at least one twitch after TOF), a dose of 2 mg/kg of sugammadex 
is recommended, achieving a TOF ratio of 0.9 within approximately 2 minutes. For deep block (no twitch after TOF but 
at least one twitch after tetanic stimulation), the recommended dose is 4 mg/kg, which restores a TOF ratio of 0.9 within 
1.6 to 3.3 minutes. In emergency situations requiring immediate return to spontaneous ventilation, a higher dose of 
16 mg/kg is recommended. Although sugammadex offers a quicker and more efficient reversal of NMB, particularly in 
complex airway management scenarios, it is important to note that further clinical evidence is needed to fully confirm its 
efficacy. There have been instances where sugammadex has failed to reverse NMB effectively, underscoring the need for 
more extensive studies to establish its reliability and broaden its clinical applications.

Advantages of Sugammadex for Specific Populations
The Elderly
In older adults aged 65 years and above, the administration of sugammadex to reverse NMBAs induced by rocuronium 
typically results in a delayed recovery to a Train of Four (TOF) ratio of 0.9, with the process taking approximately 

Drug Design, Development and Therapy 2025:19                                                                             https://doi.org/10.2147/DDDT.S519235                                                                                                                                                                                                                                                                                                                                                                                                   6369

Yin et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



1–2 minutes longer compared to younger populations.19 In a study by Dr. McDonagh and his team, patients were 
categorized into three age groups: adults (18–64 years), younger elderly (65–74 years), and older elderly (75 years and 
above). While sugammadex (2 mg/kg) effectively reversed the blockade in all age groups, elderly patients required 
more time to recover to TOF 0.9. Importantly, this delay did not notably impact the effectiveness of sugammadex or 
result in an increased incidence of adverse effects.20 Dosing considerations for elderly patients are further supported 
by the findings of Shin et al, who observed that the effective dose of sugammadex to rapidly reverse deep NMB 
(within 2 minutes) was slightly higher in elderly individuals compared to younger patients (5.4 mg/kg versus 4.4 mg/ 
kg, respectively). This suggests that increasing the dose of sugammadex in elderly patients may be necessary for 
achieving a faster reversal of the blockade.21 Further investigation by Muramatsu et al indicated that elderly patients, 
particularly those with renal impairment, are more susceptible to residual NMB when administered lower doses of 
sugammadex. Therefore, it is critical to adjust the dose based on neuromuscular monitoring, ensuring that elderly 
patients receive an adequate dose to fully reverse the blockade.22 A study by Williams III et al also highlighted that 
a 4 mg/kg dose of sugammadex for deep NMB may not fully eliminate the risk of residual blockade, further 
emphasizing the need for individualized dosing. In summary, while sugammadex is generally effective for elderly 
patients, careful consideration of patient age, renal function, and the degree of NMB is essential. Adjusting the dose 
based on clinical monitoring can aid in reducing the risk of residual blockade and ensure a more complete reversal of 
NMB in this population.23

In Child
Residual NMB after extubation in pediatric anesthesia are a significant concern, with studies showing a prevalence of up 
to 48.2%.24 This underscores the necessity for vigilant monitoring and the appropriate use of NMBAs antagonists 
following general anesthesia in children. Currently, sugammadex is approved by the European Medicines Agency for use 
in children aged 2 to 17 years, with the Cochrane Collaboration recommending a dose range of 2–4 mg/kg for reversing 
moderate NMB induced by rocuronium in pediatric patients aged 2 to 18. However, the US Food and Drug 
Administration (FDA) has yet to grant approval for its use in children.25 In a retrospective study involving over 200 
pediatric patients, sugammadex (2–4 mg/kg) was found to be more rapid and effective than neostigmine in reversing 
moderate NMB caused by rocuronium.26 Additionally, sugammadex is favored in pediatric populations due to its lower 
incidence of postoperative nausea and vomiting, which are common side effects of other NMBAs antagonists. Despite 
these benefits, the administration of sugammadex in children younger than 2 years old has been largely confined to case 
reports, particularly involving neonates and infants. In these cases, the typical dosages for reversing moderate to deep 
muscle relaxation range from 2 to 4 mg/kg, while higher doses of 16 mg/kg are recommended in emergency situations, 
such as “can’t intubate, can’t ventilate” (CICV) scenarios.27,28 However, some studies have reported instances of 
recurrent NMBAs following sugammadex administration in children. Jean-Philippe’s research suggests that these issues 
may be linked to factors such as excessive use of rocuronium, inadequate neuromuscular monitoring, or incorrect dosing 
of sugammadex.29 Given these considerations, further clinical investigation is essential. Multicenter, large-scale trials 
involving children, particularly those under 2 years old, are essential to verify the safety and effectiveness of sugamma
dex in this patient group. At present, the lack of comprehensive pediatric studies limits the widespread endorsement of 
sugammadex for children, necessitating further research before it can be universally recommended.

In Obesity
Obese patients tend to have an increased apparent volume of distribution, higher cardiac output, greater blood volume, and 
altered local blood flow, all of which can affect the peak plasma concentration, clearance rate, and elimination half-life of 
various anesthetics.30–32 Additionally, obesity is associated with reduced lung function and diminished functional residual 
capacity, increasing the risk of pulmonary complications postoperatively.33 As a result, the residual effects of anesthetic 
agents, particularly muscle relaxants, can significantly heighten the risk of perioperative complications such as upper airway 
obstruction, aspiration, and pneumonia.34 Numerous studies have highlighted the potential benefits of sugammadex in 
improving both safety and recovery in obese surgical patients. Sugammadex has demonstrated a faster reversal of NMBAs 
compared to neostigmine, leading to shorter extubation times,35 reduced postoperative hospital stays, and overall faster 
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recovery. Furthermore, when combined with other rapid recovery strategies—such as preoperative nutritional support, 
intraoperative warming, and early postoperative feeding and mobilization—its use can further expedite recovery, enhance 
early postoperative physical and mental well-being, and reduce the incidence of complications, thereby improving overall 
surgical outcomes.36 One critical area of investigation in sugammadex use in obese patients revolves around the optimal 
dosing strategy, particularly whether the dose should be based on total body weight (TBW) or ideal body weight (IBW). 
Early clinical trials during the development of sugammadex suggested that dosing based on TBW provides a constant molar 
ratio between the drug and neuromuscular blocking agents, thereby effectively minimizing residual blockades.37,38 

Inadequate dosing, on the other hand, may lead to extended recovery durations and a heightened risk of residual NMB or 
recurarization.39,40 A study by Van Lancker et al compared the extubation times of sugammadex dosed according to TBW, 
IBW, IBW+20%, and IBW+40% in patients with morbid obesity. Their findings indicated that a dose of 2 mg/kg based on 
IBW+40% was optimal for ensuring safe and effective recovery from NMB.41 In contrast, Llauradó et al reported that IBW- 
based dosing was insufficient to reverse deep or moderate NMB in patients with morbid obesity.42 Badaoui et al further 
suggested that the required dose for reversing deep NMB in obese patients should be between 130–150% of the weight-based 
dose (4 mg/kg of IBW).43 Sanfilippo et al, for instance, concluded that IBW-based sugammadex dosing alone is both safe and 
effective for the rapid reversal of NMBAs.44 More recent studies have corroborated this, showing that 1.5 mg/kg of IBW- 
based sugammadex can successfully reverse moderate NMB in obese patients.45 Duarte et al also reported that IBW-based 
dosing is effective for reversing moderate NMB in patients with morbid obesity.46 A meta-analysis conducted by Lu 
confirmed that, in obese patients, the reversal of muscle relaxation using IBW-based dosing of sugammadex took approxi
mately 56 seconds longer than when based on TBW. However, no significant difference in reversal times was found when 
comparing IBW, TBW, or corrected body weight (CBW) dosing. These findings suggest that a lower-dose regimen based on 
CBW may be more suitable for morbidly obese patients.47 Considering the current body of evidence, the recommended 
dosing for sugammadex in obese patients is 1.5–2 mg/kg based on IBW (or IBW+40%) for the reversal of moderate NMB, 
and 4 mg/kg of IBW+30%-50% for the reversal of deep NMB.

In Patient with Brugada Syndrome
Brugada syndrome (BrS) is an inherited cardiac disorder that renders individuals susceptible to ventricular arrhythmias 
and abrupt cardiac arrest. The principal interventions include implantable cardioverter-defibrillators (ICDs) and 
quinidine.48 When administering general anesthesia to patients with Brugada Syndrome, some scholars avoid using 
neostigmine due to concerns about its cardiovascular adverse reactions when reversing NMB.49 Although some cases 
have not shown adverse reactions when using neostigmine,50 it still needs to be used cautiously. Ebru Biricik and Rita 
Conde discovered that 2 mg/kg of sugammadex can be administered safely and effectively to reverse NMB in patients 
with Brugada Syndrome, and no adverse reactions were observed during postoperative monitoring and follow-up.51,52 

Junpei Konishi et al reported that 10mg/kg of sugammadex was used to reverse the deep muscle relaxation induced by 
1.2mg/kg of rocuronium in patients with Brugada Syndrome.53

In Patients with Myasthenia Gravis (MG)
Myasthenia gravis (MG) is a disorder affecting the transmission of signals at the neuromuscular junction. It is caused by 
autoantibodies that target important proteins on the muscle cell’s membrane, specifically the acetylcholine receptor and 
muscle-specific kinase. This targeting disrupts normal communication between nerves and muscles, resulting in impaired 
neuromuscular signal transmission.54,55 MG can impact all skeletal muscles, manifesting as variable muscle weakness 
and abnormal fatigue, with symptoms typically milder in the morning and intensifying throughout the evening. 
Frequently affected regions include the extraocular muscles, medullary muscles, limb muscles, and respiratory muscles. 
The involvement of respiratory muscles may result in a myasthenic crisis (acute respiratory failure), representing the 
most serious complication of MG, with a mortality rate ranging from 10% to 20%.56 Patients with myasthenia gravis are 
particularly vulnerable to postoperative residual NMB and respiratory complications due to their heightened sensitivity to 
non-depolarizing muscle relaxants.57 A study by Tomas Vymazal involving 117 MG patients demonstrated that a 2–4 mg/ 
kg dose of sugammadex effectively reversed NMB rapidly in all patients, with no significant adverse events 
documented.58 Additionally, a substantial cohort study involving 506 patients in Japan undergoing thymoma resection 
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indicated that the use of sugammadex was linked to notable decreases in postoperative myasthenic crises and overall 
hospitalization expenses in comparison to the control group.59 A retrospective analysis by Hyun-Joung No et al also 
found that MG patients treated with sugammadex had shorter postoperative hospital stays compared to those treated with 
neostigmine.60 Furthermore, several case reports have highlighted the successful use of sugammadex in MG patients, 
with rapid reversal of rocuronium-induced muscle relaxation observed, and minimal postoperative complications.61–70 

Notably, one case involved a 3-week-old infant diagnosed with transient MG, who underwent laparoscopic pyloromyot
omy for pyloric stenosis.61 In addition, two parturients undergoing cesarean sections under general anesthesia also 
experienced successful reversal of NMB with sugammadex.67,68 Despite these promising results, there have been reports 
of incomplete reversal in some cases. For instance, in one MG patient, the administration of 200 mg of sugammadex in 
four divided doses resulted in a TOFR of only 60%. Full recovery (TOFR = 100%) was ultimately achieved after 
administering 2 mg of neostigmine and 0.5 mg of atropine 10 minutes later.71 A similar failure of reversal was 
documented in another MG patient, indicating the need for caution in these cases.72

It is important to note that both the US FDA and the Korean Ministry of Food and Drug Safety caution against the use 
of sugammadex in patients with severe renal impairment (creatinine clearance <30 mL/min) or those undergoing dialysis. 
L. M. Staals’ pharmacokinetic study demonstrated that sugammadex clearance is significantly slower in patients with 
renal failure, leading to prolonged plasma concentrations compared to healthy individuals.73 A number of studies have 
investigated the use of sugammadex in patients with end-stage renal disease (ESRD) or those who have received kidney 
transplants.73–83 These studies, including case-control and retrospective analyses, have shown that doses of 2.0 mg/kg 
and 4.0 mg/kg of sugammadex are effective in reversing both moderate and deep NMBAs induced by rocuronium in 
these patients. However, recovery times may be longer than in healthy individuals due to the reduced plasma clearance of 
sugammadex in patients with ESRD. Therefore, careful monitoring of neuromuscular recovery is critical to avoid 
residual blockade. In patients who have undergone kidney transplantation, sugammadex has been shown to reverse 
NMB safely and effectively, with no adverse effects on kidney function.

Further Research
The study of residual neuromuscular blockade and postoperative pulmonary complications continues to be a vital area of 
focus in modern clinical research. A substantial prospective observational study carried out in 28 European nations, 
including 22,803 patients undergoing general anesthesia, failed to identify a significant association between the reversal 
of NMBAs and improved clinical outcomes.84 In a similar vein, a randomized controlled trial led by Brandon M. Togioka 
and colleagues, which assessed older adults undergoing prolonged surgeries, did not demonstrate a significant reduction 
in in-hospital pulmonary complications with sugammadex as compared to neostigmine.85 These findings are consistent 
with other studies,86,87 such as those by Leslie et al, who questioned the efficacy of sugammadex in reducing 
perioperative pulmonary complications and emphasized the need for higher-quality observational trials to substantiate 
these effects.88 However, despite these mixed findings, a body of large-scale clinical trials has consistently supported 
sugammadex’s role in reducing perioperative pulmonary complications, suggesting that it may be beneficial in certain 
patient populations.89

One major challenge in interpreting these studies is the variability in the observation criteria for perioperative 
pulmonary complications. Furthermore, elements such as age, body mass index (BMI), smoking habits, and pain 
management approaches may significantly influence the recovery of pulmonary function and hypoxemia during the 
postoperative period.90 Future clinical trials should control for these confounding variables. Nearly all studies 
conducted thus far have employed neuromuscular monitoring, with the train-of-four (TOF) ratio of 0.9 being the 
preferred threshold for monitoring neuromuscular recovery. However, there is still no consensus on the ideal 
neuromuscular monitoring threshold. Notably, extubation at a TOF ratio of 0.9 has not consistently been linked to 
a reduction in postoperative pulmonary complications.84 Although a TOF ratio of less than 0.9 is generally recognized 
as a reliable marker for residual NMB, emerging research suggests that a higher threshold of 0.95 may be more 
effective in reducing the incidence of postoperative pulmonary complications.91 This highlights the necessity for 
further studies to investigate the efficacy of recovery to a TOF ratio greater than 0.9. The absence of uniformity in 
neuromuscular monitoring protocols emphasizes the need for standardized methodologies in future trials. Additionally, 
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while there have been reported cases of sugammadex failure to reverse NMBAs, the underlying causes of these failures 
and the mechanisms behind sugammadex-induced allergic reactions remain poorly understood. These gaps in knowl
edge represent critical areas for further investigation to elucidate the complexities surrounding sugammadex’s clinical 
use and improve patient safety.

Limitations
This study has several important limitations that must be considered. First, the analysis was conducted solely using the 
WoSCC database, thereby excluding potentially relevant research from other comprehensive academic databases. This 
limitation could have led to the omission of pertinent studies that may contribute valuable insights to the field. Second, 
the growing body of sugammadex-related research in anesthesiology presents another challenge. As the volume of 
publications in this area continues to increase rapidly, it is possible that some relevant studies were overlooked during the 
data collection process. Consequently, this may have resulted in an incomplete overview of the current landscape of 
sugammadex research. Third, while bibliometric analysis offers valuable quantitative insights into publication trends, it 
does not inherently assess the quality of the studies it reviews. Unlike qualitative evaluation methods, such as the 
Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) system, which appraises the 
strength of evidence, bibliometric analysis primarily focuses on publication volume, citation frequency, and other 
bibliometric indicators. Therefore, this method does not account for crucial factors such as the rigor of research design 
or the validity of experimental methodologies, both of which play a significant role in the reliability and impact of 
research findings. Additionally, bibliometric analysis is prone to the “rich-get-richer” phenomenon. This could potentially 
bias the representation of emerging or less-prominent research topics, thereby skewing the overall findings of the 
analysis.

Conclusion
In conclusion, this research employed sophisticated bibliometric tools, such as CiteSpace, VOSviewer, and the 
Bibliometrix package in R, to perform a thorough and impartial analysis of the research landscape related to 
sugammadex. Sugammadex, an innovative selective relaxant binding agent in modern anesthesiology, exhibits 
significantly enhanced reversal efficacy for NMB relative to conventional anticholinesterase agents such as neostig
mine, while demonstrating accelerated recovery profiles and reduced incidence of parasympathetic activation-related 
adverse effects. Over the past decade, the volume of publications on sugammadex has nearly tripled, underscoring its 
growing significance and laying a robust theoretical foundation for ongoing and future research. Recent studies 
mainly concentrate on investigating sugammadex’s ability to decrease the occurrence of residual NMBAs and 
postoperative pulmonary complications across a variety of patient populations. Furthermore, its use in specific 
demographic groups is an area of active investigation. Moving forward, the frontier of research will likely concentrate 
on a more granular understanding of sugammadex, including its safety and efficacy in special populations, its 
integration with neuromuscular monitoring, and the underlying mechanisms of allergic reactions and antagonism 
failure. Additionally, future studies should aim to elucidate the association between sugammadex use and post
operative complications.
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