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Aim. We aim to evaluate the efficacy and safety of adamgammadex, a new modified y-cyclodextrin, in revers-
ing rocuronium-induced neuromuscular blockade compared with sugammadex or placebo.

Material and methods. We comprehensively searched three electronic databases (PubMed, Scopus, and Sci-
enceDirect) from inception until February 2024 to detect all randomised controlled trials comparing adam-
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gammadex versus sugammadex or placebo. STATA software 17 and RevMan version 5.4 were used for net-
work and pairwise meta-analyses, respectively. The study protocol was prospectively registered in PROSPE-
RO (CRD42024516623).

Results. Five randomised controlled trials comprising 530 patients were included in our study. There was a
statistically significant difference between adamgammadex and sugammadex compared to placebo in the
recovery time of neuromuscular function. A dose-response relationship was observed except for adamgam-
madex 7 mg/kg, which ranked first. Sugammadex was found to be more effective than a similar dose of
adamgammadex. There was a non-significant difference between adamgammadex and sugammadex com-
pared to placebo in the incidence of adverse events.

Conclusions. Adamgammadex or sugammadex can be a safe and effective therapeutic option in reversing
rocuronium-induced neuromuscular blockade. More clinical trials with larger sample sizes should be con-

ducted to obtain better evidence regarding these two drugs’ most effective and safe doses.

Introduction

Neuromuscular blocking agents (NMBAs) were
introduced in anesthesia in 1942 [1]. Their use
facilitates tracheal intubation and mechanical
ventilation, enhancing surgical intervention qual-
ity [2,3]. However, a residual persistence in the
neuromuscular blocking effect beyond the end of
surgery is a common problem. This may prolong
the recovery time and lead to various adverse
events, including respiratory complications, air-
way obstruction, and upper airway dysfunction
[4,5]. Therefore, postoperative neuromuscular
monitoring is recommended. Additionally, nov-
el therapeutic agents were suggested to ensure
adequate recovery of neuromuscular function
and the early detection of the need to administer
relaxant binding agents such as adamgammadex
sodium or sugammadex [6,7].

The traditional neuromuscular block antago-
nists (neostigmine and edrophonium) are anti-
cholinesterase drugs and have limited efficacy in
reversing profound levels of NMB. Moreover, their
non-selective action on the muscarinic acetylcho-
line receptors can lead to various adverse effects
due to the interaction of the drug with the musca-
rinic receptors in other tissues [8]. Consequently,
these medications are usually administered with
atropine, which may cause untoward events, such
as tachycardia, dry mouth, and blurred vision [9].
Thus, more research was directed toward other
selective relaxant medications such as adamgam-
madex sodium and sugammadex.

Sugammadex, the selective relaxant binding
agent (SRBA), effectively and quickly restores
neuromuscular function from NMBA [10]. Howev-

er, the concerns about sugammadex associated
with hypersensitivity reactions and anaphylaxis
restrict its approval in some countries [11]. Fur-
thermore, this SRBA increases the risk of postop-
erative bleeding [12].

The new medication Adamgammadex sodium,
a modified y-cyclodextrin derivative, has a simi-
lar mechanism of action to sugammadex and
shows, in pre-clinical animal studies, a similar
efficacy to sugammadex but with fewer potential
side effects [13,14]. New clinical trials have been
done that evaluate the safety and efficacy of
Adamgammadex in humans by comparing it with
sugammadex or a placebo.

Aim

In this systematic review and network meta-anal-
ysis (NMA), we aim to evaluate the efficacy and
safety of Adamgammadex or Sugammadex in
reversing rocuronium-induced deep neuromus-
cular blockade in patients undergoing surgery.

Material and methods

We conducted our systematic review and net-
work meta-analysis strictly adhering to the Pre-
ferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) guideline and the
extension statement for network meta-analysis
[16]. The study protocol was prospectively regis-
tered in the International Prospective Register of
Systematic Reviews (PROSPERO) with the regis-
tration number CRD42024516623.
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Eligibility criteria

Our inclusion criteria were randomised con-
trolled trials that evaluated the efficacy or safety
of Adamgammadex or Sugammadex in revers-
ing rocuronium-induced neuromuscular block-
age in healthy adults or patients undergoing sur-
gery with 1-3 American Society of Anesthesiolo-
gists (ASA) physical status. We excluded review
articles, case reports, conference abstracts, ani-
mal studies, observational studies, case series,
and data analysis based on these publications.
Additionally, we excluded articles if there was no
available English full-text version.

Literature search

A comprehensive search was conducted across
PubMed, Scopus, and Science Direct to find per-
tinent published RCTs from inception until Febru-
ary 22,2024. This date reflects when the literature
search was conducted and completed, ensuring
consistency and reproducibility. The following
search terms were used:

((Adamgammadex) OR (cyclodextrin-based
selective reversal agent) OR cyclodextrin)) AND
((rocuronium) OR (neuromuscular blockade) OR

(caused deep neuromuscular blockade)).

Manual research was carried out using back-
ward citation analysis on Google Scholar to find
all pertinent papers, and the studies' references
were screened for possible articles to include.

Screening of the literature

Titles and abstracts from retrieved citations
were imported into Rayyan, a web-based tool
designed to help researchers organise and man-
age systematic reviews [17]. EndNote, a reference
management software, was used to identify and
exclude duplicate citations. Then, two indepen-
dent authors blindly assessed the retrieved cita-
tions in two stages: the first involved checking all
extracted publication titles and abstracts, and the
second involved examining full-text screening of
all eligible abstracts and assessing their suitabil-
ity for conducting meta-analysis. A third author
helped to resolve any conflict.

Data extraction

Two independent reviewers extracted data from the
eligible studies into a data extraction Google sheet.
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Discrepancies were cross-checked and addressed.
For each included randomised controlled trial, the
following data were extracted if present: population
characteristics (age, sex, BMI, weight, and height),
study characteristics (Study design, country, num-
ber of centers, total participants, follow-up dura-
tion, main inclusion criteria, primary outcomes, and
conclusion), primary outcomes which assessed
the start of adamgammadex drug to the recovery
of Train-of-Four ratio (TOFr) 0.9 and the percent-
age (%) of patients with TOFr =0.9.In addition to
secondary outcomes, which summarised TOFr 0.7,
TOFr 0.8, and percentage (%) of patients with (TOFr
>0.7 and =0.8) and adverse effects, which includ-
ed (drug-related severe adverse effects, serious
adverse effects, anaphylactic reaction, bradycar-
dia, and urinary tract infection).

Quality assessment

Using the Cochrane Collaboration's Risk of Bias
tool (version 2, RoB2) [18], two blinded authors
assessed the quality of the included studies.
The randomisation process, deviation from the
intended interventions, missing outcome data,
outcome assessment, and choice of the reported
result are the five primary categories that make
up the composite score used by this tool. The
investigators' conclusions are classified as "low
risk,” "some concerns,” or "high risk” of bias for
each of these topics. A third investigator reanal-
ysed the disagreements and resolved them. The
RoB2 tool summary and graph were produced
using the Robvis [19].

Synthesis of results

Network meta-analysis was performed using STA-
TA software 17 for Mac (StataCorp, 2021) [20], and
pairwise meta-analyses were conducted using
ReviewManager software (RevMan version 5.4)
[21]. The network plots were used to represent the
different interventions included in each outcome.
Eachintervention is represented as a circle, and the
lines connecting them represent the randomised
comparisons between these interventions. The
nodal size represents the sample size included
in each intervention group. The TOFr (0.9,0.7,0.8)
outcomes were used to evaluate the efficacy out-
comes, which were then presented as mean differ-
ence and 95% confidence interval. Dichotomous
outcomes, such as adverse events, were pooled as
risk ratio (RR) with its confidence interval.



Continuous data were pooled as Cohen's d
with its 95% CI, whereas dichotomous data were
pooled as odds ratio (OR) with its 95% confidence
interval (Cl). The Wan et al. approach was used to
transform data from the median (or interquartile
range) to the mean and standard deviation (SD)
in any study that reported the data. The pooled
effect size for all outcomes was determined using
the Der Simonian Laird random effects model,
which gives weight to a small number of stud-
ies at the expense of larger studies. This allowed
for the provision of pooled estimates with a wid-
er standard error to account for any inconsistent
effect sizes.

Assessment of heterogeneity

Visual inspection of the forest plots was used to
assess statistical heterogeneity between trials.
Higgins and Thompson I> and a chi-square test
(CoPlotse Q test) were used to measure it. The
equation used is I” = ((Q - df)/Q) x 100% [23]. Het-
erogeneity was classified as low, moderate, or

high if the I was less than 25%, between 25% and
75%, or greater than 75%. It was considered sig-
nificant if the p-value of the chi-square test was
less than 0.1, as noted in [23].

Publication bias and funnel plots

For the reporting bias assessment, we arranged to
assess the publication bias using the funnel plot
method. However, the evaluation was not statisti-
cally feasible due to the limited number of includ-
ed studies. According to Egger et al., bias assess-
ment requires at least ten pooled studies [24].

Results

Characteristics of the included studies

Our literature search retrieved a total of 2031
records from online medical databases. We
removed 67 duplicates, and the remaining stud-
ies underwent title and abstract screening. One
thousand nine hundred fifty-three papers were

Table 1. Summary of the studies evaluating adamgammadex in reversing neuromuscular blockage.

Study ID Follow up Main inclusion criteria Primary outcomes Conclusion
(days)
Zhao et al. 2024 2 18-64-year-old patients, grade 1 or 2 ASA, ToF 0.9 ratio. Adamgammadex 7, 8, 9 mg/kg
(RCT, China, 7 underwent elective surgery under general > sugammadex in TOF
centers) anesthesia with rocuronium recovery, tolerance, and low
n=80 incidence of adverse events
[26]

Jiang et al. 2022 1 Patients aged 18-64 years with grade 1 or ToF 0.9 ratio. Adamgammadex was safe,
(RCT, China, 2 (ASA), if muscle relaxation was necessary effective, and tolerable
multicenter) to be used in surgery more than for

n=52 intubation
[27]
Zhao et al 2021 7 Patients aged 18-64 years, ASA 1-2, (BMI) ToF 0.9 ratio. Adamgammadex enabled rapid
(RCT, China, 1 <30 kg m?, weight 50 kg for men and 45 kg TOF recovery and good
center) for women underwent elective surgery tolerance
n=36 under general anesthesia using rocuronium
[28] to facilitate tracheal intubation and
maintain muscle relaxation
Jiang et al. 2020" 8 Male and female subjects aged 18-40 with ~ Adverse events. Adamgammadex may be
(RCT, China, 1 (BMI) of 19-26 kg/m’ and weight of a novel and safe option
center) 50-90 kg for males and 45-85 kg for
n=52 females
[29]

Zhang et al. 2023
(RCT, China, 15

Patients aged 18-65 years had an ASA The proportion of
physical status 1-3, had freely given written subjects with a ToF

centers) informed consent, were scheduled to ratio returning to

n =326 undergo elective surgery with a tracheal 0.9 within 5 min.

[25] tube or laryngeal mask airway, and were Recovery time to
expected to receive rocuronium during the ToF 0.9.

surgical procedure

Adamgammadex was non-
inferior to sugammadex with
a possible lower incidence of

adverse drug reactions
compared with sugammadex

TOF 0.9 - Recovery time of the TOF ratio to 0.9; ASA — American Society of Anesthesiologists; TOF — Train-Of-Four; BMI - Body Mass Index
" Shown in figures as Jiang et al. 2019
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excluded in title and abstract screening. The
remaining studies underwent full-text screening,
after which we included five records. A detailed
description of the selection process is shown in
Supplementary Figure 1.

Five randomised controlled trials comprising
530 patients were included in our study, [25—-29].
Most of the studies included patients sched-
uled for elective surgery and expected to receive
rocuronium during the surgical procedure to facil-
itate intubation and muscle relaxation. It is worth
noting that the Jiang et al. 2020 study was con-
ducted on healthy volunteers, and the Jiang et al.
2022 study included patients if rocuronium was
necessary for the surgery rather than the intuba-
tion. Among the included studies, four interven-
tion groups were included with rocuronium doses
of 4 mg/kg and 8 mg/kg. Three studies included
a rocuronium dose of 2 mg/kg, and two includ-
ed a rocuronium dose of 6 mg/kg. Rocuronium
doses of 7, 9, 16, 24, or 32 were only used in one

Table 2. Baseline characteristics of patients.

study. Moreover, some studies used sugamma-
dex as an intervention with a 2 or 4 mg/kg dose.
A detailed description of the baseline character-
istics and a summary of the included studies are
shown in Tables 1 and 2, respectively.

Risk of bias assessment

Based on the Cochrane risk of bias assessment
tool 2 (ROB-2), all included papers had a low risk
of bias. The risk of bias graph and summary of
the quality assessment domains are shown in
Figure 1. The network plots are shown in the Sup-
plementary Figures 2 and 3.

The recovery time (minutes) of the TOF ratio
to 0.9 (Tof 0.9)

A summary of the characteristics of the network
meta-analysis is shown in Supplementary Table 1.
Our network meta-analysis found that TOF 0.9
was significantly faster in adamgammadex 2 mg/
kg (MD = -36.25, 95% Cl = [-44.54: -27.95]), 4 mg/

Study ID Groups Dose Age(Years), Sex(male) Weight(kg), Height(cm), BMI (kg/m?),
(mg/kg) Mean (SD) N (%) Mean (SD) Mean (SD) Mean (SD)
Zhaoetal. Adamgammadex 7 418(1117)  5(25%)  66.28(12.08)  165(10.10)  24.28(3.12)
2024 8  436(11.36) 9 (45%) 65.23(8.91)  166.2(8.92)  23.61(2.35)
[26] 9  40.3(13.73) 9(45%)  62.88(12.96) 165.3(10.06) 22.88 (3.55)
Sugammadex 4  497(11.34) 10(50%)  62.75(8.93)  163.6(7.63)  23.38(1.94)
Jiang et al. Adamgammadex 2 38.5(10.9) 5 (50%) 63(12) 161 (9) 24.4 (4)
2022 4 46.4(106) 6 (55%) 68 (11) 162 (8) 25.8(3)
[27] 6  417(111)  4(33%) 61 (6) 162 (5) 231(2.7)
8 389(10.1)  3(30%) 64 (11) 161 (10) 24.8 (3.1)
Placebo NA 32.7(7.7) 6 (67%) 60 (16) 164 (9) 22 (3.6)
Zhao et al. Adamgammadex 2 475 (13.63) 3 (50%) 64 (10) 163.3 (8.76) 23.8(2.32)
2021 4 45(13.45)  1(16.6%)  6417(11.37)  163.2 (6.31) 24 (2.61)
[28] 6  40.2(14.47)  3(50%) 66.5(11.91)  168.3(6.38)  23.5(3.21)
8  358(11.82) 3(50%)  67.67(13.49) 166.3(9.85)  24.5(2.81)
10 395(11.67) 4(66.6%) 69 (17.7) 168.2 (9.45)  23.8(3.87)
Sugammadex 4 52.2(10.4) 5(83.3%)  67.75(519)  166.2(6.52)  24.8(2.04)
Jiang et al. Adamgammadex 0.5 27 (2.5) 2 (50%) 59 (5.9) 166 (3) NA
2020’ 2 21.6(1.5) 4 (50%) 57 (8.3) 164 (6) NA
[29] 4 231(36) 4(50%  559(10.8) 161 (8) NA
8 25.4(3.9) 4 (50%) 59.4 (9.9) 165 (11) NA
16 249 (1.7) 4 (50%) 60.8 (13.1) 165 (10) NA
24 25 (1.5) 4 (50%) 61.6 (8.6) 166 (9) NA
32 23.9(2.6) 4 (50%) 60.6 (9.4) 164 (9) NA
NA NA NA NA NA NA NA
Zhang et al. Adamgammadex 4 42 (3) 60 (38.7%) 65 (10) 163 (8) 24 (3)
2[%]3 Sugammadex 4 37(3.33) 46 (29.7%) 62 (10) 162 (8) 24 (3)

BMI - Body Mass Index; SD - standard deviation; N — number; NA - not available
" Shown in figures as Jiang et al. 2019
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Bias arising from the randomization process

Bias due to deviations from intended interventions
Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result

Overall risk of bias
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Risk of bias domains

Judgement

D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data.
D4: Bias in measurement of the outcome.

= Some concerns

. Low

D5: Bias in selection of the reported result.

Figure 1. Risk of bias graph and Summary of the Rob-2 domains.

Comparison: other vs 'Placebo’

Treatment

Adamgammadex_10mg
Adamgammadex_2mg
Adamgammadex_4mg
Adamgammadex_6mg
Adamgammadex_7mg
Adamgammadex_8mg
Adamgammadex_9mg
Placebo
Sugammadex_2mg
Sugammadex_4mg

J LI 1T

1

(Random Effects Model) MD

95%-Cl

-38.82 [-47.23;-30.40]
-36.25 [-44.54;-27.95]
-37.03 [45.31;-28.75]
-37.29 [-45.56;-29.03]
-39.62 [-48.24;-30.99]
-37.64 [-45.90;-29.39]
-38.93 [-47.61;-30.26]

0.00
-37.58 [-46.02;-29.04]
-38.86 [47.23;-30.50]

-100 -60

0

50 100

Figure 2. Train-of-Four ratio 0.9 comparison with placebo.

kg (MD = -37.03, 95% CI = [-45.31: -28.75]), 6 mg/
kg (MD = -37.29, 95% Cl = [-45.55: -29.03]), 7 mg/
kg (MD = -39.62, 95% Cl = [-48.24: -30.99]), 8 mg/
kg (MD = -37.64, 95% Cl = [-45.90: -29.39]), 9 mg/kg
(MD = -38.93, 95% CI = [-47.61: -30.26]), 10 mg/kg
(MD = -38.82, 95% CI = [-47.23: -30.40]) compared
to placebo. Moreover, both included Sugammadex
doses (2 mg/kg, 4 mg/kg), which led to significantly
faster Tof recovery than placebo (see Figure 2). The
pairwise comparison revealed that sugammadex 2
mg/kg led to a quicker recovery of ToF when com-
pared to adamgammadex 4 mg/kg (MD = -0.50,95%
Cl =[-0.53: -0.47]). Moreover, there was a significant
difference in favor of sugammadex 4 mg/kg when
compared to adamgammadex 6 mg/kg (MD = 0.88,
95% Cl = [0.15: 1.61]) and adamgammadex 8 mg/

kg (MD = -4.87, 95% CI = [-8.16: -1.58]). Adamgam-
madex 4 mg/kg, 8 mg/kg, and 10 mg/kg had a sig-
nificantly faster recovery of ToF when compared to
adamgammadex 2 mg/kg (see Figure 3).

To confirm the effectiveness of these interven-
tions on ToF 0.9, a cumulative ranking curve was
used to rank the different interventions. The rank-
ing showed a dose-response relationship, except
for adamgammadex 7 mg/kg, which achieved
the highest ranking. Regarding sugammadex,
the 2 mg/kg dose was positioned between the
adamgammadex 6 mg/kg and 8 mg/kg groups.
In contrast, the sugammadex 4 mg/kg dose was
positioned between the adamgammadex 10 mg/
kg and 7 mg/kg groups, as shown in Supplemen-
tary Figure 4.
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Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI| IV, Random, 95% ClI
1.1.1 Adamgammadex VS Sugammadex
Yanhua Zhao 2021 935 B.81 19 4.479 275 20 21.0% 4.87[1.58,8.16) ==
Yanhua Zhao 2024 288 049 8 2.79 0.44 5 357% 0.09 [-0.49, 0.67] :
Yujun Zhang 2023 225 0166 155 1.75 0037 155 36.5% 0.50[0.47,0.53]
Subtotal (95% CI) 179 180 93.3% 0.55 [-0.22,1.31]
Heterogeneity: Tau®*=0.28; Chi*=8.71,df=2 (P=0.01); F=77%
Test for overall effect: Z=1.40 (P =0.16)
1.1.2 Adamgammadex VS Placebo
YingYing Jiang 2022  1.975 0.388 10 39.475 11.634 8 B7% -37.50[-4557,-29.43] =
Subtotal (95% CI) 10 8  6.7% -37.50[45.57,-29.43] i
Heterogeneity: Mot applicable
Test for overall effect: Z=9.11 (P =< 0.00001})
Total (95% CI) 189 188 100.0% -1.28 [-3.60, 1.03] q

it 2 . 2= — - R = 'l 'l 1 1
Heterogeneity: Tau®*= 3.82; Chi*=93.98, df=3 (P < 0.00001); F=97% 20 35 b 75 50

Test for overall effect: £=1.09 (P = 0.28)
Test for subaroup differences: Chi*=84.72, df= 1 (P < 0.00001). F= 88.8%

Figure 3. Train-of-Four ratio 0.9, individual study result.

Favours [experimental] Favours [control]

Comparison: other vs 'Placebo’

Treatment

Adamgammadex_0.5mg
Adamgammadex_10mg
Adamgammadex_16mg
Adamgammadex_24mg
Adamgammadex_2mg

Adamgammadex_32mg
Adamgammadex_4mg

(Random Effects Model)  RR

95%-CI

0.84 [0.22;3.21]
0.67 [0.24:1.85]
054 [0.15;2.00]
0.96 [0.36;2.55]
1.60 [0.76;3.37]
141 [059;3.37]
1.03 [0.46;2.29]

Adamgammadex_6mg e 1.41 [0.65;3.04]

Adamgammadex_8mg — 1.11 [0.48;2.55]

Adamgammadex_9mg - 1.19 [0.45;3.16]

Placebo | 1.00

Sugammadex_4mg l : l—lv—l | | 1.07 [0.41;2.76]
001 01 0512 10 100

Figure 4. Adverse events comparison with placebo.

Direct pairwise meta-analysis showed no sig-
nificant difference between adamgammadex and
sugammadex (see Supplementary Figure 5).

The recovery time (minutes) of the TOF ratio
t0 0.7 (ToF 0.7)

Our direct pairwise meta-analysis showed
a non-significant difference regarding ToF 0.7.
Based on the intervention time, subgroup-
ing showed a statistically significant difference
between adamgammadex and placebo in favour
of adamgammadex (MD = -23.85,95% Cl = -28.40:
-19.30). However, there was no statistically sig-
nificant difference between adamgammadex and
sugammadex (MD = -3.53, 95% Cl = -11.59: 4.52).
The test for subgroup differences showed sub-
stantial results (I = 94.6%, P < 0.0001) (see Sup-
plementary Figure 6).

Adverse events

The network meta-analysis showed a non-sig-
nificant difference in adverse effects among any

Journal of Medical Science 2025 June;94(2)

intervention group compared to placebo, indi-
cating that adamgammadex or sugammadex
could be a safe intervention for inducing mus-
cle relaxation in elective surgeries (see Figure
4). A summary of the individual study results is
shown in Supplementary Figure 7. The ranking
of risk ratios of the different intervention groups
and placebo is shown in Supplementary Table 3.
Our direct pairwise comparison showed no sig-
nificant difference between adamgammadex and
sugammadex in the incidence of adverse events.
No heterogeneity was observed in any of the sub-
groups (see Supplementary Figure 8).

Discussion

Significance of the study

Our findings indicate that adamgammadex and
sugammadex significantly expedite the recov-
ery of neuromuscular function, as measured by
ToF 0.9. The analysis revealed that higher doses



generally resulted in faster recovery of muscular
function, except for the adamgammadex 7 mg/kg
dose, which exhibited the highest efficacy. Fur-
thermore, our study determined that the 4 mg/kg
dose of sugammadex did not show a statistically
significant difference in efficacy compared to the
7 mg/kg dose of adamgammadex. Additionally,
the 2 mg/kg dose of sugammadex was associ-
ated with a significantly faster recovery of neu-
romuscular function compared to an equivalent
dose of adamgammadex.

Explanation of our findings

Neuromuscular blocking agents such as rocuro-
nium are widely used during surgical procedures
to facilitate tracheal intubation and mechanical
ventilation and optimise surgical conditions [30].
However, a high percentage of patients may expe-
rience persistent residual neuromuscular block-
ade postoperatively, which may put the patients at
an increased risk of postoperative complications
such as hypoxia, airway obstruction, aspiration,
or prolonged hospital stay [31,32]. Thus, selective
relaxant binding agents such as Sugammadex and
Adamgammadex were suggested as a therapeutic
option to reverse the rocuronium-induced neuro-
muscular blockade [10]. Literature indicates that
sugammadex can be safe and effective. However, it
was reported that it may be associated with arisk of
bleeding due to its anticoagulant effect and a risk of
hypersensitivity reaction, up to anaphylaxis [33,34].

On the other hand, adamgammadex is a new-
ly synthesised selective relaxant-binding agent.
Structural modifications of the core of sugam-
madex were synthesised. Pores studies found
that adamgammadex reverses the neuromuscu-
lar blocking effect of rocuronium in a concentra-
tion-dependent manner. Moreover, it was sug-
gested to have a lower risk of bleeding or hyper-
sensitivity [9,13]. We conducted this network
meta-analysis to assess the difference in efficacy
and safety of different doses of adamgammadex
or sugammadex in reversing the rocuronium-in-
duced neuromuscular blockade.

All of the included studies assessed neuromus-
cular function recovery using the train of four mea-
sure, which is the simple count of muscle twitch-
es resulting from neuromuscular stimulation. The
ToF ratio is the ratio between the amplitude of the
fourth and the first twitch. Adequate recovery is
considered when the TOF ratio is 20.9 [13].

Our study found that adamgammadex and
sugammadex significantly accelerated recov-
ery from neuromuscular blockade compared to
placebo. The cumulative ranking curve revealed
a dose-response relationship consistent across
all included clinical trials [35]. This dose-response
effect may be attributed to the competitive inhibi-
tion mechanism of adamgammadex and sugam-
madex against rocuronium. Although the cumu-
lative ranking curve indicated a dose-response
relationship, the 7 mg/kg dose of adamgammadex
ranked higher than the 8, 9, and 10 mg/kg doses.
However, a statistically significant difference was
only observed between the 7 mg/kg and 8 mg/kg
doses of adamgammadex. No statistically signif-
icant difference was found between the 7 mg/kg
dose of adamgammadex and the 4 mg/kg of sug-
ammadex. The lack of significance in many cases
could be due to the small number of included tri-
als, which might have limited the ability to detect
significant differences between the interventions.
Zhao et al. supported our findings by reporting
no intergroup differences between the 7, 8, and 9
mg/kg doses of adamgammadex. They also not-
ed that adamgammadex led to a slightly longer
recovery time than sugammadex, although the
results did not reach statistical significance [29].

Implications of these findings for clinical
practice

The development of adamgammadex appears
mainly targeted toward the Chinese market, and
it remains unclear whether this drug will become
popular enough globally to replace sugammadex
[36]. Clinically, adamgammadex was expected to
perform similarly to sugammadex [36]. Our study
supports this idea, showing that adamgammadex
and sugammadex are safe therapeutic options
for reversing rocuronium-induced neuromuscu-
lar blockade during surgery. Both drugs provided
rapid recovery of neuromuscular function, with
no significant difference in adverse events com-
pared to placebo.

Strengths and limitations

This is the first meta-analysis to investigate the
efficacy and safety of adamgammadex and sug-
ammadex for reversing neuromuscular blockade,
primarily during surgery. However, this study is
not without limitations. First, the limited num-
ber of included studies may lead to imprecision

Journal of Medical Science 2025 June;94(2)

151



152

and an inability to detect statistically significant
differences among the various doses. Second,
there was heterogeneity in the study populations;
four included patients undergoing elective sur-
gery, while one involved healthy volunteers. This
variability could affect patient characteristics or
baseline neuromuscular function, influencing the
efficacy and risk of adverse events. Third, most
included studies focused on elective surgery
patients, introducing variability in surgery dura-
tion, potential complications, and anaesthet-
ic techniques, which could impact the efficacy
and timing of adamgammadex or sugammadex
administration. This also limits the generaliz-
ability of our results to emergency surgeries or
other types of elective surgeries not assessed in
our study. Fourth, all included studies were con-
ducted in China, which may limit the generaliz-
ability of our findings to populations with differ-
ent demographics and health conditions. Finally,
due to the limited number of included studies,
we could not perform a publication bias assess-
ment, potentially affecting the robustness of our
meta-analysis.

Recommendations for future research and
clinical practice

Further well-conducted clinical trials are needed
to establish the evidence regarding the use of
Adamgammadex or Sugammadex for rocuroni-
um-induced neuromuscular blockade. This will
lead to a deeper understanding of these patients’
most effective and safe doses.

Conclusion

Our study indicates that Adamgammadex/Sug-
ammadex can be a safe and effective interven-
tion in reversing the neuromuscular blockade
caused by rocuronium during surgical proce-
dures. Although a dose-response relationship is
noted, few studies have drawn a solid conclusion.
Further studies using multiple doses should be
conducted to establish this effect.
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Yanhua Zhao 2024 1 19 1 20 25% 1.06[0.07,15.66]

YingYing Jiang 2019 5 6 8 12 63.1% 1.25[0.73,2.14]

YingYing Jiang 2022 4 10 4 8 17.2% 0.80[0.29, 2.24]

Subtotal (95% CI) 35 40 82.8% 1.13[0.71,1.81]

Total events 10 13

Heterogeneity: Tau*=0.00; Chi*=0.68, df=2 (P=0.71); F=0%
Test for overall effect: Z=0.52 (P = 0.60)

1.2.2 Adamgammadex VS Placebo

YingYing Jiang 2022 4 10 4 8 17.2% 0.80[0.29,2.24] e
Subtotal (95% CI) 10 8 17.2% 0.80[0.29, 2.24] o
Total events 4 4

Heterogeneity: Not applicable
Test for overall effect: Z=0.43 (P = 0.67)

Total (95% CI) 45 48 100.0% 1.07 [0.70,1.63] S 2

Total events 14 17

Heterogeneity: Tau®*=0.00; Chi*=1.11,df=3 (P=0.77); F=0% f t t

Testf Il effect Z= 0.30 (P = 0.76 L 0.1 10 100
. noguigl g ec,' =S § T ) Favours [experimental] Favours [control]

Test for subaroup differences: Chi*= 0.37, df=1 (P = 0.55), F= 0%

Supplementary Figure 8. Direct pairwise meta analysis adverse events.

Supplementary Table 1. Summary characteristics of all studies reporting ToF 0.9.

Characteristic Value
Number of Interventions 10
Number of Studies 4
Total Number of Patients in Network 464
Total Possible Pairwise Comparisons 45

Total Number of Pairwise Comparisons With Direct Data 25

Is the network connected? TRUE
Number of Two-arm Studies 1
Number of Multi-Arms Studies 3
Average Outcome 3.498

Supplementary Table 2. Ranking Tof 0.9.

Adomgommoadex_fmg  0.06(-2.39; 2.52] -0.68[-3.22; 1.86] -4.81(-8.54;-1.07]

0.75[-2.00; 1.59) Sugammodex_img 044 [-1.63;2.49] 0.75[-2.26; 1.87] 1.10[-2.84;0.64] 0.88(-2.89; 1.13] 5.32[-11.64; 1.00] 1052(-21.32;0.28]

-0.80[-3.75; 2.16] -0.04(-2.04;1.95] Adamgammadex_10mg . -0.53[-2.59; 1.53] 1.32-3.42:0.78] 5.76[-12.11;0.59] -1096[-21.77;-0.15]

0.68[-2.22; 1.86] 0.07[-2.43; 2.57] 0.11[-2.98; 2.20] Adamgommadex_9mg 4.12[-7.97;-0.28]

1.97[ -4.61; 0.66] 122(-2.86;042] 1.18[-2.07;0.72) 1.29[-4.0%; 1.49) Adomgammodex_8mg 0.59 [ -1.98;0.81] 0.70 (-2.54; L.15) 1.40(-3.35; 0.59) 37.50 (-45.78; -29.22]

2,00 -5.68; 1.50] 1.34( 425 1.57) [-4.33; 1.74] 141[-6.13;2.29) 0.12 [ -2.69; 2.45) Sugammadex_2mg . 0,50 -2.37; 1.37)

-233[-5.10; 0.45] 3.48; 0.42) -1.64[-456; 1.27] -035[-1,73;1,03) -0.24[-2.82;2,35) 0,27 -2,15; 1.60) -1.00[-2.97; 098] 28.81]
L.79[ ~4.19; 0.60] 1.91[+5.10; 1.28] 0.62 [ -2.37; 1.14] 0.50[ 1371 Adamgammadex_amg  -0.94 [ -2.91; 1.04] 1+26.94]

3.37[-6.49; 0.25] 2,62 [-0.92; :0:32) 2.57[-5.04;-0.11] 2.69[-5.93; 0.55] 140 -2.24;0.44) 1.26[ -4.00; 1.44] 1.04 [ -2.90;0.81] 0.78 [ -2.75; 1.19] Adamgommadex_2mg 3640 [-44.70; -26.10]

39.62 [+48.24; -30.99] 3686 (+17.23;-30.50]  -38.62 (-47.23; -20.40] -38.93 [+47.61; -30.26] 37.64 [+15.90;-29.39] 31.53(+46.02;-29.04) 3729 [+45.55; -29.02) 37.03(-4531;-26.75]  -36.25[44.54;-27.95)  Plocebo

Supplementary Table 3. Ranking Adverse events.

Adamgammadex_16mg 0564[0.16;261] 056015 163] 100025, 356] 038[0.15;1.02]
Adamgammadex_tomg 0563026, 1.36] 0563026 1.51] 0.47[021;1.06] 042[0.13;091]
0.80[0.23;2.96] Adamgammades 0.5mg  0.88[025,2.64] 156[0.38,6:35]
o0[027;175] 0.85[025;2.64] Adsmgsmmadex_ 24mg  178[0.61; 5.16] 0.81]0.47:135)
0.53[0.27:1.61] 0.65[030; 143 0.82[026;2.61] 0.93[0.46; 1.50] Adsmgsmmadex 4mg 120055 100[043;2.31] 0.33(0.55;1.58] 3 0.51 (045133 0.38(0.15; 1.02 072[0.45;1.24]
28]
0:54[0.25,2.00] 0.67[024; 1.85] 084022321 0.96[0.26;2.55] 10310.46;2.29] Flacsbo . 125[045:349) 3 0.71[0.82 1.58] 062[02%;134]
0351[0.15;175) 0:63[0.26;1.51] 0.73[0.22,281] 0:50[0.38;,2.17] 0.57[0.48; 155] 054[036; Sugammadex_&mg  100045;223) 085[0.74; 1.08] 0.75[0.36; 1.56] 087[0:33;133]
243]
04308 136] os1027;135] o7 [026;220] 087051, 1.45] 093055 157] 0s0[03s; 095[0.47;1.57] Adamgammsdex_smg 067038 1.17] s (061 117] 033[0:35; 1.00]
208]
043015 1.58] 0:36[02%;1.37] 071[020;2.55] 0.81[0.33; 1.58] 0.88[0.42, 1.75] 084033 0.83[0.74; 1.08] 0.33[0.44;1.54] Adamgammadex_Smg
221]
038[0.42:115] 0.48[023;1.01] 0.60[0.19; 1.53] 0:68[033; 1.41] 0.73[0.45 1.18] 071[033; 0.75[0.35;143] 073[047;132] 085[042; 1.70) Adamgammadex_Bmg 0.88[0.60; 1.30]
153
038(0.15:1.02) 0.48[021;1.20] 0:60[0.22 1.65] 0.68[0.44; 1.05] 0731042, 128] 0.71[0.35; 0.76[035; 1.62] 0.79[0.57;1.08] 085[0.35; 1.86) 1.00(0.56; 1.73] Adsmgsmmadex_32mg
170]
0.34[0.21:104] 0:42[020;0.88] 0.53[0.47; 1.67] 0.60[0.20; 1.22] 0:64[0.4% 1.00] 0.53[0.35; 0.57[035;1.28] 0.55042:1.13] 0.73[0.35; 1.47) 0.58(0.60; 1.30) 0.88(0.50; 1.33] Adsmgsmmadex_2mg
122)
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