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Abstract
Background: There have been conflicting results regarding clinical dexamethasone-sugammadex interactions in adults and
pediatric patients under general anesthesia.

Methods: This study used a systematic review with meta-analysis of randomized controlled trials and non-randomized studies
based on the Cochrane ReviewMethods. A comprehensive literature search was conducted to identify clinical trials that investigated
the effect of dexamethasone on sugammadex reversal of rocuronium-induced neuromuscular blockade in surgical patients
undergoing general anesthesia.

Results: Among the 314 patients in the 6 studies, 147 received intravenous dexamethasone (dexamethasone group), and 167
received intravenous saline or other antiemetics (control group). The primary outcome, the time to recovery after sugammadex
administration (the time to recovery of the train-of-four ratio to 0.9 after sugammadex administration; s) was comparable between the
2 groups, the weighted mean difference (95% confidence interval [CI]) being –2.93 (–36.19, 30.33) (I2=94%). The time to extubation
after sugammadex administration (s) and incidence of postoperative nausea and vomiting was not different between the 2 groups,
the weighted mean difference (95% CI) being 23.31 (�2.26, 48.88) (I2=86%) and the pooled risk ratio (95% CI) being 0.25 (0.03,
2.11), respectively. The time to recovery after sugammadex administration might be different according to the study design or study
region.

Conclusion: This meta-analysis showed that use of dexamethasone in the perioperative period neither delayed nor facilitated the
reversal of rocuronium-induced neuromuscular blockade with sugammadex in patients undergoing elective surgery with general
anesthesia. However, given that the results showed high heterogeneity, further randomized controlled trials are needed to confirm
these findings.

Abbreviations: CI = confidence interval, IV = intravenous, MeSH =medical subject headings, NMB = neuromuscular blockade,
NMBAs = neuromuscular blocking agents, PONV = postoperative nausea and vomiting, PTC = post-tetanic count, RCTs =
randomized controlled trials, ROBINS-I = Risk of Bias in Non-randomized Studies - of Interventions, SR = systematic review, TOF =
train-of-four, WMD = weighted mean difference.

Keywords: adverse drug event, anesthesia recovery period, dexamethasone, general anesthesia, neuromuscular blockade,
rocuronium, sugammadex, surgery, tracheal extubation
Editor: Ibtesam Hilmi.

This work was supported by a Korea University Grant (K2005171).

The authors have no conflicts of interest to disclose.

Supplemental Digital Content is available for this article.

The datasets generated during and/or analyzed during the current study are available from the corresponding author on reasonable request.

Department of Anesthesiology and Pain Medicine, Korea University Guro Hospital, Korea University, Seoul, Republic of Koreas.
∗
Correspondence: Heezoo Kim, Department of Anesthesiology and Pain Medicine, Korea University Guro Hospital, 148, Gurodong-ro, Guro-gu, Seoul 08308, Republic

of Korea (e-mail: kimheezoo@hotmail.com).

Copyright © 2021 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the terms of the Creative Commons Attribution-Non Commercial License 4.0 (CCBY-NC), where it is permissible to
download, share, remix, transform, and buildup the work provided it is properly cited. The work cannot be used commercially without permission from the journal.

How to cite this article: Lim BG, Won YJ, Kim H. The effect of dexamethasone on sugammadex reversal of rocuronium-induced neuromuscular blockade in surgical
patients undergoing general anesthesia: a systematic review and meta-analysis. Medicine 2021;100:5(e23992).

Received: 27 April 2020 / Received in final form: 25 November 2020 / Accepted: 27 November 2020

http://dx.doi.org/10.1097/MD.0000000000023992

1

https://orcid.org/0000-0002-3302-1831
https://orcid.org/0000-0002-3302-1831
https://orcid.org/0000-0003-4046-0020
https://orcid.org/0000-0003-4046-0020
https://orcid.org/0000-0002-4754-9776
https://orcid.org/0000-0002-4754-9776
mailto:kimheezoo@hotmail.com
http://creativecommons.org/licenses/by-nc/4.0
http://dx.doi.org/10.1097/MD.0000000000023992


Lim et al. Medicine (2021) 100:5 Medicine
1. Introduction

Sugammadex reverses neuromuscular blockade (NMB) by
binding with aminosteroidal nondepolarizing neuromuscular
blocking agents (NMBAs) such as rocuronium.[1,2] Although
sugammadex appears to be highly selective, it can interact with
other drugs, especially corticosteroids, including dexametha-
sone.[3] Dexamethasone is one of the most widely used
corticosteroids for treating many clinical conditions, such as
laryngeal, cerebral, and surgical edema, as well as in combination
with analgesics for multimodal analgesia, and for the prevention
of postoperative nausea and vomiting (PONV).[4–7] It shares with
rocuronium the same cyclopentanoperhydrophenanthrene struc-
ture and has very similar molecular dimensions. These character-
istics could lead to a possible antagonistic interaction of
dexamethasone with rocuronium to alter sugammadex bind-
ing.[6] Some experimental studies have demonstrated that
dexamethasone inhibits in vitro neuromuscular reversal activity
of sugammadex in innervated primary human muscle cells and
concluded that the efficacy of sugammadex for reversal of
rocuronium-induced NMB might be diminished by dexametha-
sone.[3,8]

In contrast, someclinical studies have reported conflicting results
regarding in vivo clinical dexamethasone-sugammadex interac-
tions in adults or pediatric patients undergoing surgeries under
general anesthesia. Some clinical reports suggest that dexametha-
sone does not significantly affect NMB antagonism of sugamma-
dex,[9–12] while some suggest that dexamethasone significantly
extends or shortens sugammadex action times.[13,14] However, a
meta-analysis of the topic has not yet been reported.[15]

Therefore, we performed a systematic review to determine the
clinical relevance of the findings regarding the effect of
dexamethasone on sugammadex reversal of rocuronium-induced
NMB in surgical patients undergoing general anesthesia. We
compared the time to recovery from NMB after sugammadex
administration (primary endpoint) and the time to extubation
after sugammadex administration, and incidence of PONV or
other postoperative adverse events (secondary endpoints)
between the dexamethasone group and the control group. This
comparison was accomplished by performing a systematic review
(SR) with meta-analysis of randomized controlled trials (RCTs)
and non-randomized studies. We hypothesized that the times to
recovery and extubation after sugammadex administration might
be longer in the dexamethasone group than in the control group.

2. Methods

Since this SR and meta-analysis was performed using existing
published literature and did not involve new human data, ethical
approval was not required. We prospectively registered the
protocol for this review with the UMIN clinical trials registry
(unique trial number: UMIN000039035; registration number:
R000044514; date of registration: December 30, 2019).
This SR and meta-analysis compared the recovery times and

the time to extubation after sugammadex administration and
PONV or other postoperative adverse events between the
dexamethasone group and the control group undergoing
administration of sugammadex for NMB reversal after surgery
under general anesthesia. The primary outcome of this SR was
the time to recovery (of the train-of-four [TOF] ratio to 0.9) after
sugammadex administration. It was defined as the time from
sugammadex administration (time=0s) to the recovery of the
TOF ratio to 0.9. The secondary outcomes were the time to
2

extubation after sugammadex administration and the incidence
of PONV or other postoperative adverse events.
We conducted and reported this SR based on the Cochrane

Collaboration methodology[16] and PRISMA statement.[17]
2.1. Data source & literature source

We searched PubMed, EMBASE, the Cochrane Library, the Web
of Science, Scopus, Koreamed, and ClinicalTrials.gov, from
inception to December 31, 2019, using medical subject headings
(MeSH) and free-text terms without language restrictions.
The following keywords were searched using Medline:

dexamethasone; corticosteroid; sugammadex; rocuronium; neu-
romuscular blockade; general anesthesia; surgery; tracheal
extubation; adverse drug event; anesthesia recovery period.
Search strategies were designed for each database (Supplementa-
ry Table 1, http://links.lww.com/MD/F495). To identify unpub-
lished or ongoing studies, we also searched the WHO
International Clinical Trials Registry Platform and the Clinical
Trial.gov website. After the original electronic search, we
reviewed the bibliographies from identified studies.

2.2. Study selection

Potentially eligible studies were screened and selected by 2
independent reviewers (BG Lim andHKim) using the pre-defined
inclusion criteria. Two reviewers independently determined
which of the identified studies were suitable for inclusion. Final
selection was based on a screen of full texts. Discrepancies
between reviewers were resolved by discussion.
Studies were included in our meta-analysis if they
1.
 included patients undergoing administration of sugammadex
for reversal of neuromuscular blockade after surgery under
general anesthesia,
2.
 administered intravenous (IV) dexamethasone as the inter-
vention pretreatment (dexamethasone group) and placebo (IV
saline) or other IV antiemetics as the control pretreatment
(control group),
3.
 reported the time to recovery after sugammadex administra-
tion in the dexamethasone and control group, and
4.
 were RCTs or non-randomized studies.

2.3. Data extraction

Two reviewers independently extracted data from each study
using a pre-specified data extraction form. The following
variables were extracted from the reviews:
1.
 the mean and standard deviation of the times to recovery and
extubation after sugammadex administration, and dichoto-
mous data on the incidence of PONV or other postoperative
adverse events in the intervention and control groups, and
2.
 demographic, clinical, and treatment characteristics (e.g., the
study population [pediatric or adult], the number of patients in
the intervention and control groups).

Disagreements between reviewers were resolved in consulta-
tion with a third reviewer (YJ Won).
2.4. Assessment of methodological quality

The methodological quality of the included studies was evaluated
by 2 blinded reviewers (H Kim and BG Lim). Quality assessment
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for the included RCTs was performed using the Cochrane
Collaboration risk of bias tool, which provides for selection,
performance, attrition, detection, and reporting bias through the
assessment of the mentioned random sequence generation,
allocation concealment, blinding of participants, personnel and
outcome assessments, incomplete outcome reporting, selective
outcome reporting, other bias, and overall risk of bias.[18] For
assessing the risk of bias in the included non-randomized studies,
ROBINS-I (Risk Of Bias In Non-randomized Studies - of
Interventions) was applied.[19] We evaluated the possible
existence and direction of the bias and whether it is likely to
have an impact on the effects of interventions.
Figure 1. Flow diagram of included and excluded studies.
2.5. Statistical analysis

The primary outcome of our review was the time to recovery (of
the TOF ratio to 0.9) after sugammadex administration. It was
defined as the time from sugammadex administration (time=0
second) to the recovery of the TOF ratio to 0.9, as measured by
the authors of the included studies. The secondary outcomes were
the time to extubation after sugammadex administration and the
incidence of PONV or other postoperative adverse events. The
time to extubation after sugammadex administration was defined
as the time from sugammadex administration (time=0second) to
tracheal extubation. The incidence of PONV or other postoper-
ative adverse events was defined as the number of patients
complaining of or showing adverse events in the post-anesthesia
care unit for 2hour postoperatively.
Analysis of the times to recovery and extubationafter sugammadex

administration—understood here as continuous variables—was
performed using the weighted mean difference (WMD) with a
95% confidence interval (CI). The incidence of PONV or other
postoperative adverse events, defined in the study as a dichotomous
variable, was analyzed using the risk ratio with a 95% CI.
We examined the heterogeneity between studies by scrutinizing

the forest plots and quantifying the impact of heterogeneity using
the I2 statistic. If heterogeneity between studies was identified (I2

statistic>50% or any clinical heterogeneity), a random-effects
model was conducted.
Initially, subgroup analyses were preplanned to compare

different age groups (e.g., pediatric vs adult group), pretreated
drugs in the control group (IV saline vs other IVantiemetics),NMB
degrees at sugammadex administration (e.g., moderate vs deep
NMB) or the doses of sugammadex (e.g., 2mgkg�1 vs 4mgkg�1)
and dexamethasone (e.g., high vs others), the timing of IV
dexamethasone pretreatment (during or after anesthesia induction
vs 5–10minutes before sugammadex injection) or the time
intervals between dexamethasone and sugammadex administra-
tion (e.g., long vs short), and types ofmain anesthetics (sevoflurane
vs desflurane). Also, we conducted sensitivity analysis according to
themethodological quality (risk of bias) (e.g., low vs others), study
design (e.g., RCT vs non-randomized studies), and the region in
which the study was performed (e.g., Europe vs Africa).
Publication bias (used for at least 10 studies) was not analyzed
because of the small number of included studies.We usedRevMan
version 5.3 and STATA version 13.0 for these analyses.

3. Results

3.1. Identification of studies

Searches of the databases yielded 411 articles (Fig. 1). Of these,
400 publications were excluded, as parts of themwere duplicated
3

articles, or it was clear from the title and abstract that they did not
fulfill the selection criteria. For the remaining 11 articles, we
obtained full manuscripts, and following scrutiny of these, we
identified 6 potentially relevant studies; 5 publications were
excluded because they were either
1.
 a review article,

2.
 a withdrawn trial, or

3.
 a redundant publication. Therefore, the total number of

studies included in the review was 6 (Fig. 1).

3.2. Study characteristics and patient populations

The details of the selected 6 studies are summarized in Table 1.
The included studies compared the times to recovery and
extubation after sugammadex administration, or the incidence of
postoperative adverse events including PONV between the
dexamethasone control groups undergoing administration of
sugammadex for NMB reversal after surgery under general
anesthesia. In the 6 studies, a total of 314 patients including 147
patients who received IV dexamethasone (dexamethasone group)
and 167 patients who received a placebo (IV saline) or other IV
antiemetics (control group) were evaluated for the time to
recovery after sugammadex administration.
The included studies were RCTs (n=4) or non-randomized

studies (n=2), and trial sizes ranged between 30 and 80 patients.
One study was conducted in an African country,[14] and 5 studies
were conducted in European countries.[9–13] The patients usually
underwent surgeries that required anti-edema or antiemetic
prophylaxis or deep NMB application such as laparoscopic
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cholecystectomy (n=1), adenoidectomy or tonsillectomy (n=1),
direct laryngoscopy and biopsy (n=1), abdominal or urological
surgery (n=1), strabismus surgery (n=1), and others (n=1). Two
studies included pediatric patients aged 1 to 8 years.[11,14] Two
studies included adult patients, except for elderly patients aged
above 65 years,[10,13] and 2 studies included adult patients with
elderly patients up to 75 years of age.[9,12] The selected studies
generally excluded patients with American Society of Anesthesiol-
ogy (ASA) physical status classification IV and thosewith a history
of difficult intubation, current treatment with steroids or
hormones, drugs interacting with neuromuscular blockers (e.g.,
magnesium and anticonvulsants), or allergy to NMBAs.
Only one study was performed with inhalational anesthetic

(sevoflurane) induction,[11] and 5 studies were performed with
intravenous anesthetic (propofol, thiopental, or etomidate)
induction. In 5 studies, general anesthesia was maintained with
sevoflurane, and in the other study, general anesthesia was
maintained with desflurane.[9] All studies used rocuronium as an
NMBA and performed the following neuromuscular monitoring
method to assess the NMB state during surgery, at the end of
surgery, and to accurately measure the recovery times from the
NMB after sugammadex administration. Neuromuscular moni-
toring was initiated with an acceleromyograph (TOF-Watch S or
SX; Organon Ireland Ltd., Dublin, Ireland), which measures the
function of the adductor pollicis muscle after the induction of
anesthesia. A transducer was attached over the thumb. Two
electrodes were placed on cleaned skin corresponding to the ulnar
nerve trajectory at the wrist. Stabilization and calibration were
performed for the TOF-Watch according to the Good Clinical
Research Practice guidelines in pharmacodynamic studies of
NMBAs.[20] After calibration, TOF stimulations were applied
repetitively every 15 second during the whole monitoring period.
In 4 studies, the NMB degree at sugammadex administration was
moderate (TOF count 1 or 2). Thus, the dose of sugammadex
administered was 2mgkg�1 in the studies,[10,11,13,14] and in 1
study, the NMB degree was deep (TOF count 0, post-tetanic
count [PTC] 1–2), thus, the dose of sugammadex was 4mg
kg�1.[9] One study administered 200mg of sugammadex in the
range of TOF count 0–2 (median TOF count 0; deep NMB).[12]

Four studies included adult patients administered 5mg (n=1),
8mg (n=2), and 0.15mgkg�1 (n=1), respectively, and the other
2 studies, which included pediatric patients injected with 0.5mg
kg�1, a relatively high dose[11,14] as the dose of dexamethasone in
the intervention group. Some studies used saline (n=2) or no
treatment (n=1), while other studies used other antiemetics,
including ondansetron, granisetron, or metoclopramide (n=1,
respectively) as the pretreatment in the control group. In 4
studies, the timing of intervention (IV dexamethasone) was
during or after anesthesia induction. In other words, a time
interval between dexamethasone and sugammadex was as long
as the period from anesthesia induction until the end of surgery
(above 30–60minutes). In the other 2 studies, the timing of the
intervention (IV dexamethasone) was 5–10minutes before
sugammadex injection, which means that a time interval between
dexamethasone and sugammadex was as short as 10
minutes.[12,13]

All studies (n=6) reported the time to recovery of the TOF
ratio to 0.9 after sugammadex administration, the primary
outcome for this review. Of the secondary outcomes, the time to
extubation after sugammadex administration was reported in
three studies (50%) and the incidence of PONV or other
postoperative adverse events was reported in 2 studies (33%).



Figure 2. Time to recovery after sugammadex administration. SD = standard deviation, IV = inverse variance, CI = confidence interval.
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3.3. The primary outcome

The time to recovery after sugammadex administration (the time
to recovery of TOF ratio to 0.9 after sugammadex administra-
tion; s) was comparable between the dexamethasone and control
groups, the WMD of which was �2.93 (95% CI: –36.19, 30.33;
P= .86; I2=94%) (Fig. 2). This result showed high heterogeneity.

3.4. The secondary outcomes

The time to extubation after sugammadex administration (s) was
comparable between the 2 groups. The WMD was 23.31 (95%
CI: �2.26, 48.88; P= .07; I2=86%) (Fig. 3). This result showed
high heterogeneity. The incidence of PONV was not different
between the 2 groups, and the pooled risk ratio was 0.25 (95%
CI: 0.03, 2.11; P= .20) (Fig. 4). Heterogeneity in these results was
not applicable because the incidence of PONV was reported in 2
studies, and the incidences in the 2 groups of one study were zero
(%). The incidence of postoperative adverse events other than
PONV was reported as zero (%) in the 2 studies. Thus, a meta-
analysis for the outcome also was not applicable.

3.5. Subgroup analysis

After we had performed the meta-analysis for all outcomes, we
found that the number of the included studies only for the
primary outcome (the time to recovery after sugammadex
Figure 3. Time to extubation after sugammadex administration SD =

Figure 4. Incidence of postoperative nausea and vomiting (P

5

administration)—6 studies—were enough to identify each
subgroup analysis. Also, after we conducted planned subgroup
analyses for the primary outcome, we found that the subgroup
analyses did not show a specific significance in the primary
outcome (Table 2). Nevertheless, the subgroup analysis with
different age groups showed that the time to recovery in the
pediatric studies tended to be delayed in the dexamethasone
group compared with the control group (WMD: 22.96, 95% CI:
–6.74, 52.67; P= .13; I2=92%), although the time to recovery
was not significantly different between the 2 groups regardless of
whether the subjects were adults or children (Fig. 5). In addition,
the subgroup analysis with different doses of dexamethasone
showed the same results as those of the subgroup analysis with
different age groups.
The tests for subgroup differences according to the pretreated

drugs in the control group, NMB degrees at sugammadex
administration, and the time interval between dexamethasone
and sugammadex administration showed there were no signifi-
cant differences in heterogeneity between the subgroups (P= .47,
I2=0%; P= .37, I2=0%; P= .22, I2=33.8%, respectively).
3.6. Sensitivity analysis

We found that there were significant differences in heterogeneity
according to the study design (e.g., RCT vs non-randomized
studies) and the study region (e.g., Europe vs Africa) in the
standard deviation, IV = inverse variance, CI = confidence interval.

ONV). M-H = Mantel–Haenszel, CI = confidence interval.
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Table 2

Summary of subgroup and sensitivity analysis for weighted mean difference (WMD) of primary outcome (time to recovery after
sugammadex administration) among subgroups.

Primary outcome or subgroups N participants WMD (95% CI) P value for heterogeneity I2, %

The time to recovery after sugammadex administration
All 6 314 –2.93 (–36.19, 30.33) <.00001 94

Subgroup or sensitivity analysis
Age of population
Adult 4 174 –17.53 (–64.54, 29.48) <.00001 86
Pediatric 2 140 22.96 (–6.74, 52.67) .0003 92

Dose of dexamethasone in the intervention group
Others (5 or 8mg, 0.15mg kg�1) 4 174 –17.53 (–64.54, 29.48) <.00001 86
High (0.5mg kg�1) 2 140 22.96 (–6.74, 52.67) .0003 92

Pretreated drugs in the control group
IV saline (or none) 3 144 –14.96 (–75.82, 45.90) <.00001 93
Other IV antiemetics

∗
3 170 10.94 (–24.46, 46.35) .002 84

Study design
RCT 4 244 19.86 (–2.29, 42.01) .0005 83
Non-randomized studies 2 70 –50.13 (–105.88, 5.62) .02 81

Study region
Europe 5 234 –12.42 (–47.87, 23.02) <.00001 86
Africa 1 80 37 (36.05, 37.95) NA NA

Risk of bias
Low 1 60 4 (–25.87, 33.87) NA NA
Others (unclear, high and moderate) 5 254 –4.4 (–42.89, 34.09) <.00001 95

NMB degrees at sugammadex administration
Moderate 4 210 –11.5 (–55.74, 32.73) <.00001 96
Deep 2 104 11.59 (–13.3, 36.48) .37 0

Time interval between DEXA and sugammadex administration#

Long 4 214 15.65 (–9.9, 41.2) <.00001 86
Short 2 100 –36.63 (–115.99, 42.72) .0001 93

∗
Indicates ondansetron, granisetron, or metoclopramide.

# Long, an interval from anesthesia induction until the end of surgery (above 30–60 minutes); Short: an interval within 10 minutes.
95% CI = 95% confident interval, DEXA = dexamethasone, N = the number of studies, NA = not applicable, NMB = neuromuscular blockade, RCT = randomized controlled trial, WMD = weighted mean
difference.
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primary outcome of time to recovery. Although the time to
recovery was not significantly different between the dexametha-
sone group and the control group regardless of the study design
and study region (Table 2), the tests for subgroup differences
according to the study design and study region showed significant
differences in heterogeneity between the RCT and non-random-
ized studies subgroups (P= .02, I2=80.9%) (Fig. 6), and between
Figure 5. Subgroup analysis for the time to recovery after sugammadex administra
the time to recovery within and between adult and pediatric subgroups. SD = st

6

the Europe and Africa subgroups (P= .006, I2=86.6%) (Fig. 7),
respectively. These results indicate that the time to recovery after
sugammadex administration may be different according to the
study design or the study region.
The test for subgroup differences according to the risk of bias

(e.g., low vs others) showed no significant difference in
heterogeneity between the subgroups (P= .74, I2=0%).
tion according to age of study population. This figure shows the comparisons for
andard deviation, IV = inverse variance, CI = confidence interval.



Figure 6. Sensitivity analysis for the time to recovery after sugammadex administration according to study design. This figure shows the comparisons for the time to
recovery within and between RCT (randomized controlled trial) and non-randomized studies subgroups. SD = standard deviation, IV = inverse variance, CI =
confidence interval.
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3.7. Quality of the included studies (risk of bias in the
included studies)

See Fig. 8 and Table 3.

3.7.1. Risk of bias in the 4 RCTs. All of the 4 included studies
reported that the study was randomized, and three studies (75%)
reported the method used for applying random sequence
generation. Allocation concealment was adequately reported in
only one study (Rezonja 2016). Given that all interventions were
performed after anesthesia induction, participants were effec-
tively blinded to the study intervention. All 4 studies were
assessed as having a low risk of bias because each reported
blinding of the outcome assessors, or it was not likely that
assessment of the outcome was influenced by knowledge of the
intervention received. All 4 studies that reported the completeness
of outcome data for each primary outcome were assessed as
having a low risk of bias. All 4 studies that had no selective or
incomplete reporting of a specific outcome were assessed as
having a low risk of bias. Two studies (Batistaki 2019, Saleh
2017) in which there were insufficient information related to the
sample size calculation were assessed as having an unclear risk of
Figure 7. Sensitivity analysis for the time to recovery after sugammadex administra
recovery within and between Europe and Africa subgroups. SD = standard devi

7

bias. Based on the judgments regarding each risk of bias item, 1
study (Rezonja 2016) was assessed as having an overall low risk
of bias, and the other 3 studies (Batistaki 2019, Gulec 2016, Saleh
2017) were assessed as having an overall unclear risk of bias.

3.7.2. Risk of bias in the 2 non-randomized studies. Of the 2
non-randomized studies, one was a prospective observational
study and the other was a retrospective case-control study. They
had an overall moderate risk of bias, as shown in Table 3.
4. Discussion

The purpose of this SRwas to reveal the effects of dexamethasone
on the reversal of NMB by sugammadex by comprehensively
analyzing previous studies. Six relevant studies were identified
using a comprehensive search strategy.
The main finding of this SR is that intraoperative dexametha-

sone administration does not significantly affect the sugammadex
reversal of NMB. Sugammadex completely binds the amino-
steroidal NMBAs in a 1: 1 ratio to remove them through the
kidney, thus eliminating the effect of NMB.[1,2] Dexamethasone,
with its steroid ring molecular structure, is similar to NMBAs and
tion according to study region. This figure shows the comparisons for the time to
ation, IV = inverse variance, CI = confidence interval.
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Figure 8. Quality assessment of the included studies. (A) Risk of bias summary of randomized controlled trials (RCTs): a review of authors judgments about each
risk of bias item for each included RCT. Green circle: low risk of bias; yellow circle: unclear risk of bias; red circle: high risk of bias. (B) Risk of bias graph: review
authors judgments about each risk of bias item presented as percentages across all included RCTs. Green color: low risk of bias; yellow color: unclear risk of bias;
red color: high risk of bias.
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can bind to sugammadex, which may affect the reversal of NMB
by sugammadex.[6] Therefore, several clinical studies have been
conducted on whether dexamethasone affects sugammadexs
reversal ability. In those studies, sugammadexs ability to reverse
Table 3

Quality assessment of non-randomized studies. Summary of domain

Study
Bias due to
confounding

Bias in
selection of
participants
into the study

Bias in
classification
of intervention

Bi
devi

i
int

Buonanno, 2016 Moderate Low Low
Ozer, 2018 Moderate Low Low
∗
ROBINS-I: a tool for assessing risk of bias in non-randomized studies of interventions. BMJ. 2016; 3

8

NMB was primarily assessed by the time to reach TOF 0.9, and
the extubation time after sugammadex administration. All 6
studies included in this SR presented the time to recovery of the
TOF ratio to 0.9 after sugammadex administration as the
-level and overall risk of bias judgements using ROBINS-I
∗
.

as due to
ations from
ntended
erventions

Bias due
to missing

data

Bias in
measurement
of outcomes

Bias in
selection of
the reported

results
Overall
bias

Low Low Low Low Moderate
Moderate Low Low Low Moderate

55: i4919.
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primary outcome, and it was concluded that intraoperative
administration of dexamethasone does not affect the time to
recovery of the TOF ratio to 0.9. Collectively, this finding
objectively indicates that dexamethasone does not significantly
affect NMB antagonism of sugammadex, unlike the hypothesis of
our study.
However, the result of the primary outcome showed high

heterogeneity (I2=94%), and thus subgroup and sensitivity
analyses were performed to investigate the reason for the high
heterogeneity.
First of all, we focused on the study design (RCTs vs non-

randomized studies) of the included studies as a cause of the high
heterogeneity. As a result of the sensitivity analysis, although the
time to recovery was not significantly different between the
dexamethasone and control groups regardless of the study
design, the test for the subgroup differences according to the
study design showed a significant difference in heterogeneity
between the RCTs and non-randomized studies subgroups. In the
case of RCTs, the time to recovery of the TOF ratio to 0.9 tended
to be prolonged in the dexamethasone group, whereas in the non-
randomized studies, it showed an opposite trend. Therefore,
inclusion of more high-quality RCTswill make the results clearer.
Also, in terms of the study region (Europe vs Africa), the test for

subgroup differences showed a significant difference in the
heterogeneity of the time to recovery of the TOF ratio to 0.9
between the Europe and Africa subgroups, as only one African
study showed the opposite trend for the results of other studies
from Europe. Nevertheless, even if analyzing only the 5 European
studies and omitting the 1 African study, there is no change in the
overall result that dexamethasone does not affect the time to
recovery of the TOF ratio to 0.9. Therefore, the impact of the
African study indicating opposite results compared to the overall
results may not be significant.
In the sensitivity analysis regarding the risk of bias (low vs

others), the test for the subgroup differences showed there was no
significant difference in the heterogeneity of the time to recovery
of the TOF ratio to 0.9 between the low subgroup and other (risk
of bias) subgroup, which could be caused by a comparable risk of
bias among all included studies. In this SR, an assessment of the
risk of bias to evaluate the quality of RCTs or non-randomized
studies was performed with different tools that depend on the
study design. The Cochrane Collaboration’s risk of bias tool was
applied to the RCTs, whereas ROBINS-I was applied to the non-
randomized studies. There was no high (or serious) risk for each
domain of bias in all included studies. The overall risk of bias of
one RCT was low and unclear in the other 3, and the 2 non-
randomized studies had a moderate overall risk of bias. Herein,
the reason why the risk of bias was not high is that the study
outcomes such as the time to recovery, extubation time and
incidence of PONV could be objectively evaluated with
measurement of time or by presence or absence and thus, the
risk in some domains of bias was decreased and homogenized.
Therefore, a comparable risk of bias among all included studies
could lead to no significant difference in heterogeneity between
the low subgroup and other (risk of bias) subgroup.
Two of the 6 studies included in this SR were performed in

pediatric patients. In addition, the 2 studies used a higher dose
(0.5mgkg�1) of dexamethasone in the intervention group than
those of the other 4 studies. The subgroup analysis regarding the
age of the study population or the dose of dexamethasone
showed that contrary to adults with use of lower doses of
dexamethasone, the time to recovery of the TOF ratio to 0.9 in
9

the pediatric studies with use of a higher dose of dexamethasone
had shifted to the right, which indicates that dexamethasone may
prolong the time to recovery of the TOF ratio to 0.9 after
sugammadex administration. However, this shift is not statisti-
cally significant. The 2 studies performed in pediatric patients
with use of a higher dose of dexamethasone were RCTs, and,
interestingly, the results of the 2 studies that the use of
dexamethasone tended to prolong time to recovery of the TOF
ratio to 0.9 are consistent with the results of the sensitivity
analysis of the subgroup with RCT designs.
In the subgroup analysis regarding the pretreatment drugs in

the control group, the test for subgroup differences showed there
was no significant difference in the heterogeneity of the time to
recovery of the TOF ratio to 0.9 between the saline and other
antiemetics subgroups, which indicates that like saline, other
antiemetics including ondansetron, granisetron, or metoclopra-
mide do not affect the NMB reversal action of sugammadex.
It is known that a single dose of dexamethasone attenuated

rocuronium-induced NMB by 15% to 20% if administered 2 to 3
hour before induction of anesthesia.[21] The mechanism is not
clear, but an animal experiment showed that dexamethasone
treatment led to desensitization of the rat diaphragm to
rocuronium, as demonstrated by a shift of the rocuronium
concentration–twitch tension curves to the right, and indicated
that dexamethasone treatment could induce alterations in muscle
function and susceptibility to rocuronium.[22] Conversely, the use
of dexamethasone during surgery has little effect on the action of
NMBAs, such as rocuronium.[21] For this reason, dexamethasone
was administered during anesthesia or surgery in most of the
clinical studies investigating whether dexamethasone affects
NMB or its reversal.[9–14,21] Meanwhile, if dexamethasone
combined with sugammadex prolongs the time to recovery of
the TOF ratio to 0.9, the more likely it is to be extended when
given simultaneously, considering the blood concentration of
dexamethasone. We defined “short” as a time interval between
dexamethasone and sugammadex administration of less than 10
minutes and “long” as the time interval greater than 30 to 60
minutes (from anesthesia induction until the end of surgery)
(Table 1). We predicted that the shorter the interval between drug
administration, the higher the effect of dexamethasone on the
reversal of NMB by sugammadex. However, the subgroup
analysis regarding the time interval between dexamethasone and
sugammadex administration, contrary to expectations, showed
that NMB reversal in the dexamethasone group tended to be
faster in the case of the “short” interval subgroup, even though
there was no statistically significant difference between the
dexamethasone group and the control group. This findingmay be
due to the statistically significant shortening of the time to
recovery of the TOF ratio to 0.9 in the dexamethasone group in
one (Ozer 2018) of the 2 studies included in the “short” interval
subgroup. Given that the study was a prospective observational
study,[13] more RCTs are needed to verify the effect of the time
interval between dexamethasone and sugammadex administra-
tion on the times to recovery of the TOF ratio to 0.9.
The subgroup analysis regarding the degree of NMB (moderate

vs deepNMB) at the time of sugammadex administration showed
there was no significant difference in the time to recovery of the
TOF ratio to 0.9 between the dexamethasone group and the
control groups in the 2 (moderate and deep NMB) subgroups,
and no significant difference in heterogeneity between the
subgroups, which could be caused by the required dose of
sugammadex, as determined by the level of NMB at the time of
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reversal (the deeper the level of NMB, the higher the dose of
sugammadex required for NMB reversal; e.g., sugammadex 2mg
kg�1 for moderate NMB reversal and 4mgkg�1 for deep NMB
reversal).[2]

Secondary outcomes were the time to extubation after
sugammadex administration and the incidence of PONV. Three
RCTs examined the time to extubation, which tended to be
longer in the dexamethasone group than in the control group but
showed no statistically significant difference between the 2
groups. It is noteworthy that the results for extubation time
reported in the 3 RCTs are similar to the results for the time to
recovery of the TOF ratio to 0.9 reported in the 4 RCTs (Fig. 6).
Given the consistent trend of the results, more RCTs are needed.
The incidence of PONV was investigated in 2 pediatric RCTs,

indicating that dexamethasone did not affect the incidence of
PONV. Unexpectedly, the reason why the dexamethasone group
did not show antiemetic effects superior to the control group was
that the incidence of PONV itself was very low in the studies, and
the incidence appeared to be zero in the 2 groups as
metoclopramide, an antiemetic agent, was used instead of saline
in the control group in 1 study (Saleh 2017). It was also
challenging to determine the effect of sugammadex on the
antiemetic properties of dexamethasone for the same reason.
This SR may be limited by high heterogeneity in the results of

the outcomes, which could have been caused by the differences in
the study design and region of the included studies. Another
limitation is that we could not assess publication bias because the
number of the included studies was small (less than 10 studies).
In conclusion, this SR revealed that the time to recovery of the

TOF ratio to 0.9 and extubation after sugammadex administra-
tion and the incidence of PONV were comparable between the
dexamethasone and control groups, and suggested that the use of
dexamethasone in the perioperative period neither delayed nor
facilitated the reversal of rocuronium-induced NMB with
sugammadex in patients undergoing elective surgery with general
anesthesia. However, given that these results showed high
heterogeneity and there were significant differences in heteroge-
neity according to the study design (RCT vs. non-randomized
studies) and study region (Europe vs. Africa) in the primary
outcome of the time to recovery of TOF ratio to 0.9, further
studies, especially RCTs are needed to confirm these findings.
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