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Abstract: This single-center retrospective exploratory analysis evaluated the effects of sugammadex
compared with neostigmine on postoperative recovery in patients with myasthenia gravis (MG)
who underwent video-assisted thoracoscopic surgery (VATS)-thymectomy. This retrospective study
included 180 patients with MG, aged >18 years, who received sugammadex (sugammadex group,
n = 83) or neostigmine—glycopyrrolate (neostigmine group, n = 88) after VATS—thymectomy between
November 2007 and December 2020. Inverse probability of treatment weighting (IPTW) adjustment
was performed to balance the baseline characteristics between the two groups. The primary outcome
was the length of postoperative hospital stay, and the secondary outcomes were the incidence of
postoperative mortality and complications, as well as the postoperative extubation and reintubation
rates, in the operating room after VATS—-thymectomy; the outcomes were compared between the
two groups. After IPTW adjustment, the sugammadex group showed a significantly shorter median
postoperative hospital stay than the neostigmine group (4 (2, 4) vs. 5 (3, 6) days, respectively;
p = 0.003). There were no significant differences between the two groups in the incidences of
postoperative complications (including postoperative myasthenic crisis, nerve palsy, atelectasis, and
pleural effusion). Patients with MG following VATS-thymectomy who received sugammadex showed
a significantly shorter postoperative hospital stay than those who received neostigmine.
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1. Introduction

Video-assisted thoracoscopic surgery (VATS)-thymectomy is the preferred surgical
procedure for patients with myasthenia gravis (MG), and due to the “motionless” lung
on the surgical side, it is considered an important indication for one-lung ventilation [1].
Double-lumen endobronchial tubes are the most common method of achieving lung iso-
lation; however, intubation using double-lumen tubes for one-lung ventilation can be
difficult compared to the use of single-lumen tubes due to the length, width, and less
compliant characteristics of double-lumen tubes [2]. Thus, an adequate neuromuscular
blockade is necessary for VATS-thymectomy, even for patients with MG [1,3]. However,
general anesthesia in patients with MG carries an increased risk of complications due to
sensitivity to neuromuscular blocking agents (NMBAs) [4], and their use can present a
vexing dilemma for anesthesiologists. The most concerning issue is the optimal choice and
dosage of NMBA and the subsequent reversal agent for patients with MG.
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Sugammadex, a drug which selectively binds to and blocks the action of rocuronium
(a widely used non-depolarizing NMBA), has been developed and used in general anesthe-
sia [5,6]. Sugammadex quickly and safely reverses rocuronium-induced neuromuscular
blockade and does not interact with acetylcholine receptors or acetylcholinesterase [7].
Various case series have reported the potential effects of sugammadex on the reversal of
rocuronium-induced neuromuscular blockade in patients with MG undergoing general
anesthesia [8-18]. Mouri et al. were the first to support a potential benefit of sugammadex
use over patients who did not receive sugammadex in patients with MG [19]. Additionally,
Tsukada et al. reported that postoperative hospital stay was significantly shorter in patients
who received a combination of rocuronium and sugammadex than in those in the control
group who did not receive any NMBA [20].

Therefore, the purpose of this study was to perform a retrospective exploratory analy-
sis in our institution to investigate and to compare the effects of sugammadex and neostig-
mine on postoperative recovery in patients with MG who underwent VATS-thymectomy.
We hypothesized that the use of sugammadex would be associated with a shorter postoper-
ative hospital stay compared with the use of neostigmine combined with glycopyrrolate in
patients with MG after VATS-thymectomy:.

2. Materials and Methods
2.1. Study Population

This single-center retrospective exploratory analysis was conducted after receiving
approval from the Institutional Review Board (IRB) and the Hospital Research Ethics Com-
mittee of Severance Hospital, Yonsei University Health System, Seoul, Republic of Korea
(IRB number, 4-2121-0560; approved on 17 June 2021), and followed the STROBE guidelines
for observational studies. The requirement for written informed consent was waived by
the IRB owing to the retrospective nature of the anonymous data. The electronic medical
records of 180 consecutive patients with MG (aged > 18 years) who underwent VATS-
thymectomy with neostigmine or sugammadex between November 2007 and December
2020 were retrieved.

2.2. Intraoperative Management

Anesthesia induction was performed with propofol and remifentanil; after loss of
consciousness was confirmed, neuromuscular blockade was induced with rocuronium
(Esmeron®, Merck Sharp & Dohme, Seoul, Republic of Korea). Intubation was performed
using a left-sided double-lumen endobronchial tube. Radial artery catheterization was
performed for continuous pressure monitoring, and 7 Fr central venous catheterization
was applied. Anesthesia was maintained with an inhalation anesthetic agent (sevoflurane
or desflurane) at a 0.9-1.2 age-adjusted minimal alveolar concentration, combined with a
continuous intravenous infusion of remifentanil to target a bispectral index of 40-60 [21,22].

After skin preparation and drape was performed, three trocars were inserted. The
thymus and mediastinal fat including thymoma were dissected carefully from the inferior
thyroid pole to the pericardial fat pad. A specimen was removed, and one 28 Fr thoracic
catheter was inserted into the thoracic cavity. After emergence from anesthesia, all patients
were transferred to the intensive care unit (ICU) or the post-anesthetic care unit (PACU).
The following cases were transferred to the ICU: patients in whom it was determined
not to try the extubation, by consensus between the anesthesiologist and the surgeon
(these patients were excluded because an NMBA reversal agent was not administered) and
patients who were re-intubated in the operation room after extubation due to unstable
breathing, or patients in whom although extubation was well-performed, monitoring was
needed in case of myasthenia crisis per the surgeon’s decision. The rest of the patients were
transferred to the PACU, and then they were moved to the ward after complete recovery.
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2.3. Neuromuscular Blockade

The monitoring of neuromuscular blockade depth was performed using the
acceleromyography-based Train-of-Four (TOF) Watch SX® (Organon Ireland Ltd., Dublin,
Ireland) on the adductor pollicis muscle [23]. The neuromuscular blockade was induced by
administering rocuronium (Esmeron®, Merck Sharp & Dohme, Seoul, Republic of Korea)
following the calibration and stabilization of the TOF Watch. Following the attending
anesthesiologist’s decision, determined by TOF monitoring, an additional intraoperative
NMBA bolus was administered, and neuromuscular blockade was reversed with neostig-
mine (neostigmine methylsulfate injection, Daihan Pharm. Co., Ltd., Seoul, Republic of
Korea) or sugammadex (Bridion®, Merck Sharp & Dohme, Seoul, Republic of Korea) after
surgery. Additionally, 0.2 mg of glycopyrrolate (glycopyrrolate injection, Reyon Pharm.
Co., Ltd. Seoul, Republic of Korea) was used in combination with neostigmine to prevent
its muscarinic effects.

2.4. Variables and Outcomes

The demographic and clinical variables included age, sex, body mass index (BMI),
American Society of Anesthesiologists (ASA) physical status, comorbidities, and smoking
history. To consider the severity of MG, the variables of MG history included disease dura-
tion, pyridostigmine administration duration and dose, acetylcholine receptor antibody
levels, preoperative quantitative MG score, MG crisis history, and preoperative pulmonary
function test findings. Furthermore, we assessed intraoperative variables, such as the dura-
tion of anesthesia and operation; blood loss; intraoperative blood transfusion; administered
doses of rocuronium, neostigmine, and sugammadex; thymic pathology; and thymoma size.
Moreover, postoperative variables included the length of postoperative hospital stay; mor-
tality; incidence of postoperative complications, including postoperative myasthenic crisis,
nerve palsy, atelectasis, and pleural effusion; and number of patients extubated in the OR.
Postoperative myasthenic crisis was defined as respiratory failure that required prolonged
mechanical ventilation (>3 days) or reintubation within 30 days after thymectomy [24,25].
In addition, perioperative laboratory variables including white blood cell (WBC) count,
hematocrit, neutrophil-to-lymphocyte ratio (NLR), and platelet-to-lymphocyte ratio (PLR)
were evaluated.

The primary outcome of this study was the length of postoperative hospital stay.
The secondary outcomes included the incidences of postoperative mortality and compli-
cation, as well as the postoperative extubation and reintubation rates, in the OR after
VATS-thymectomy. The primary and secondary outcomes were compared between the
sugammadex and neostigmine groups.

2.5. Statistical Analyses

Normality for continuous variables was assessed by the Shapiro-Wilk test. Before
inverse probability of treatment weighting (IPTW) analysis, continuous variables were
presented as the mean =+ standard deviation or median (interquartile range) and compared
using the independent two-sample t-test or Mann—-Whiney U test. Categorical variables
were presented as the frequency (%) and analyzed using the chi-square or Fisher’s exact
test. Due to the retrospective study design, each group had a different number of patients,
and the variables were not controlled. IPTW analysis based on the propensity scores was
performed to minimize an imbalance of confounding variables between the sugammadex
and neostigmine groups [19]. Multiple logistic regression was performed with confounding
variables to estimate the propensity scores. Regarding the covariates, basic clinical variables,
including age, sex, and BMI, and variables with a standardized difference of >0.2, including
ASA physical status, pyridostigmine administration duration and dose, and MG crisis
history, were chosen. In the IPTW analysis, the weighted value of the sugammadex
group was calculated as p/propensity score, and that of the neostigmine group was
calculated as (1-p)/(1-propensity score). Here, p is the probability of allocation in the
sugammadex group, and 1-p represents the probability of allocation in the neostigmine
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group. The allocation ratio is reflected in the numerator of the weighted value [19,26]. The

weighted mean and standard deviation of IPTW were calculated by the formulae Zzuéf

d %ZE wi(x; — %)%, respectively, where w is the weight and ¥ is the weighted

(Cw; )2 -X w;
mean [27]. We evaluated the balance of confounding factors after weighting according to
the standardized differences, calculated by the formula xzﬁ for continuous variables,
s1°+so

2
where ¥; and X; are means and s; and s; are the standard deviations of each group, and

p1+p . . [
\/pl(lipll); ;2(17;72) for categorical variables, where p; and p, are the probabilities of each

group. Continuous variables that did not satisfy the normality assumption were analyzed
using a weighted Mann-Whitney U test and expressed as medians (interquartile range).
The weighted Mann-Whitney U test was calculated using an R package (sjstats) [28].
Confounding factors with a standardized difference of <20% were considered balanced,
and a p-value of <0.05 was considered statistically significant [29,30]. Repeatedly measured
laboratory data were analyzed using a linear mixed model. For variables with statistically
significant differences, a post hoc analysis with Bonferroni correction was used to adjust
for multiple comparisons. For all statistical analyses, SAS (version 9.4; SAS Institute, Cary,
NC, USA) and R (version 4.0.5; R Foundation for Statistical Computing, Vienna, Austria)
were the software used.

3. Results

Among the 180 patients with MG (aged >18 years) who underwent VATS-thymectomy
with neostigmine or sugammadex, 9 who received both NMBA reversal agents were
excluded. Finally, the remaining 171 patients, deemed eligible for the study, were separated
into one of two groups: those administered neostigmine—glycopyrrolate (neostigmine
group, n = 88) and those administered sugammadex (sugammadex group, n = 83) (Figure 1).
Following IPTW stabilization, the total number of patients in the pseudo dataset was 167,
with 84 and 83 in the neostigmine and sugammadex groups, respectively.

MG Patients aged >18 years who
underwent VATS-thymectomy with
neostigmine or sugammadex (n = 180)

Excluded (n =9)
v Received both reversal agents
(neostigmine and sugammadex)

Eligible patients (n = 171)

Neostigmine group (n = 88) Sugammadex group (n = 83)
v Neostigmine received v Sugammadex received
Full-analysis set IPTW Full-analysis set IPTW

Neostigmine group (n = 84) Sugammadex group (n = 83)
v Neostigmine received v Sugammadex received

Figure 1. Consolidated Standards of Reporting Trials diagram. MG, myasthenia gravis; VATS, video
assisted thoracoscopic surgery; IPTW, inverse probability of treatment weighting.
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Figure 2 shows the length of postoperative hospital stays by year throughout the study
period for all patients. Before 2013, all patients received neostigmine, whereas after 2013,
most patients received sugammadex.
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Figure 2. Average length of postoperative hospital stays in days for each year during the study period
for all patients.
Before applying stabilized IPTW, statistical differences were observed in the ASA phys-
ical status and preoperatively administered pyridostigmine dose. After IPTW stabilization,
no variable showed any significant between-group differences (Table 1).
Table 1. Demographic characteristics after using inverse probability of treatment weighting.
Original Dataset before IPTW Pseudo Dataset after IPTW
Variables Neostigmine Sugammadex Neostigmine Sugammadex
(n=88) n =83 p-Value  SMD (n=89) n =83 p-Value  SMD
Age, year 44 (30, 53) 44 (30, 54) 0.733 0.037 40 (28,52) 46 (31, 54) 0.427 0.143
Sex, female 59 (67) 57 (69) 0.820 0.035 53 (64) 54 (65) 0.904 0.021
Body mass index, kg/m? 22.4(20.6,25.6) 22.5(21.0,24.7) 0.908 0.092  22.4(204,255) 23.0 (21.0,24.7) 0.773 0.049
ASA physical status <0.001 * 0.714 0.676 0.072
1 69 (78) 38 (46) 55 (66) 52 (62)
I 19 (22) 45 (54) 29 (34) 31 (38)
Comorbidities
Hypertension 14 (16) 13 (16) 0.965 0.007 13 (15) 13 (16) 0952 0.010
Diabetes 6(7) 3(4) 0.498 0.144 5 (6) 303) 0.425 0.122
Smoking history 19 (22) 17 (20) 0.859 0.027 17 (21) 21 (25) 0.553 0.101
Smoking history, PYRs 0(0,0) 0(0,0) 0.750 0.166 0(0,0) 0(0,0) 0.599 0.001
Preoperative MG history
Disease duration, months 6(2.75,24) 8(3,27) 0492 0133 7(2.5,24) 7(3,17) 0.787 0.024
Pyridostigmine duration, months 2(1,95) 4(1,21) 0.118 0.296 2(1,13) 3(1,10) 0.873 0.090
Pyridostigmine dose, mg/day 240 (180, 480) 240 (180, 360) 0.020 * 0.294 240 (180, 480) 240 (180, 360) 0.605 0.001
Ach receptor antibody, nmol/L 10.4 £4.8 102 £5.6 0.799 0.040 10.5 £ 4.6 10.1 £55 0.656 0.074
Preoperative QMG score 9(6,14) 95 (5,13) 0.514 0.049 9(5,13) 9(5,13) 0.687 0.020
MG crisis history 1(1) 6(7) 0.058 0.308 2(2) 3(4) 0.492 0.121
Preoperative pulmonary function test
FEV;, L 26+07 27407 0312 0.161 27407 26+07 0.637 0.084
FVC,L 3.0 (2.6,3.6) 3.2(28,3.8) 0.100 0.288 3.1(2.6,3.8) 3.3(27,3.7) 0.575 0.066

Values are the mean =+ standard deviation, median (interquartile range), or number (%) of patients. * p < 0.05. SMD,
standardized mean difference; ASA, American Society of Anesthesiologists; PYR, pack-year; Ach, acetylcholine;
QMG score, quantitative myasthenia gravis score; MG, myasthenia gravis; FEV, forced expiratory volume in
1s; FVC, forced vital capacity; IPTW, inverse probability of treatment weighting. Counts in the weighted data
may not sum to the expected totals owing to rounding. The percentages may not total 100 because of rounding,
and disagreements between numbers and percentages in the weighted data are the result of rounding of the
noninteger numerical values.
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Table 2 shows the operative variables. There were statistical differences in anesthesia
and operation time and in dosage of administered rocuronium between the two groups.
After the application of IPTW, statistical differences were still seen in anesthesia time and
dosage of administered rocuronium.

Table 2. Operative variables.

Original Dataset before IPTW Pseudo Dataset after IPTW

Variables Neostigmine Sugammadex Neostigmine Sugammadex
(n=88) ey | pvae TR (negy  p-Value
Intraoperative variables
Anesthesia time, min 155 (135, 190) 190 (140, 225) 0.005 * 155 (135, 190) 190 (140, 230) 0.012*
Operation time, min 105 (84.5, 138) 133 (87, 165) 0.018* 104 (84, 137) 124 (81, 165) 0.085
Blood loss, ml 0 (0, 50) 0 (0, 20) 0.113 0 (0, 50) 0 (0, 20) 0.400
Intraoperative RBC transfusion 0 0 1.000 0 0 1.000
Administered rocuronium, mg 50 (27.5, 50) 50 (50, 50) 0.002 * 50 (25, 50) 50 (50, 50) 0.006 *
Administered neostigmine, mg 1(1,1) - - 1(1,1) - -
Administered sugammadex, mg - 200 (200, 200) - - 200 (200, 200) -
Thymic pathology 0.372 0.231
Normal thymus 5 (6) 2(2) 5 (6) 1(1)
Thymoma 40 (45) 48 (58) 39 (46) 49 (59)
Thymic/Follicular hyperplasia 36 (41) 28 (34) 34 (40) 26 (31)
Others 7 (8) 5 (6) 7 (8) 7 (8)
Thymoma size, cm 3.6(25,5) 4 (2.95,5.45) 0.254 3.7(2.6,5) 4(29,5.5) 0.380

Values are the median (interquartile range) or number (%) of patients. * p < 0.05. RBC, red blood cell. IPTW,
inverse probability of treatment weighting. Counts in the weighted data may not sum to the expected totals
owing to rounding. The percentages may not total 100 because of rounding, and disagreements between numbers
and percentages in the weighted data are the result of rounding of the noninteger numerical values.

The postoperative variables in both groups are shown in Table 3. Patients in the
sugammadex group had a significantly shorter median length of hospital stay after VATS—
thymectomy than those in the neostigmine group (4 (2, 4) vs. 5 (3, 6) days, respectively;
p = 0.003), and no deaths were observed in either group. Moreover, the incidences of
other postoperative complications, including postoperative myasthenic crisis, nerve palsy,
atelectasis, and pleural effusion, were comparable between the two groups (Table 3).
Postoperative myasthenic crisis occurred in three patients in the neostigmine group (one
patient in the intensive care unit (ICU) on postoperative day (POD) 2 and two in the ward
on PODs 4 and 5) and three patients in the sugammadex group (two patients in the ICU on
PODs 1 and 9 and one in the ward on POD 2). Additionally, no significant differences were
found in the number of patients who were extubated and reintubated in the OR between
the two groups.

Table 3. Postoperative variables.

Original Dataset before IPTW Pseudo Dataset after IPTW

Variables Neostigmine Sugammadex Neostigmine Sugammadex
(n =g88) %n =83) p-Value (n =g84) %n =83) p-Value
Length of postoperative hospital stay, days 5(3,7) 4(2,5) 0.001 * 5(3,6) 4(2,4) 0.003 *
Mortality 0 0 1.000 0 0 1.000
Postoperative complication
Postoperative myasthenic crisis 3(3) 3(4) 1.000 2(2) 2(3) 0.908
Nerve palsy 1(1) 0(0) 1.000 1(1) 0(0) 1.000
Atelectasis 0(0) 1(1) 0.485 0(0) 1(1) 1.000
Pleural effusion 1(1) 0(0) 1.000 1(1) 0(0) 1.000
Extubated patients in the OR 84 (95) 81 (98) 0.683 80 (96) 82 (99) 0.176
Reintubated patients in the OR 4(5) 1(1) 0.369 3(3) 1(2) 0.533
Finally extubated patients in the OR 80 (91) 80 (96) 0.145 78 (93) 81 (97) 0.201
Values are the median (interquartile range) or number (%) of patients. * p < 0.05*. OR, operating room; IPTW,

inverse probability of treatment weighting.
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Figure 3 shows the perioperative laboratory variables in both groups after IPTW
adjustment. No significant between-group differences were observed in WBC count,
hematocrit, NLR, or PLR.
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Figure 3. Postoperative laboratory variables; WBC count (A), hematocrit (B), NLR (C), and PLR (D).
WBC, white blood cell; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio; PreOP,
preoperation; POD, postoperative day.

4. Discussion

This retrospective exploratory analysis demonstrated that patients who received sug-
ammadex had significantly shorter postoperative hospital stays than those who
received neostigmine.

Neuromuscular blockade during general anesthesia was previously avoided in pa-
tients with MG, owing to the high sensitivity of the muscles to NMBAs [31,32]. How-
ever, several case reports have demonstrated the use of rocuronium and sugammadex
in patients with MG [1,8-10,12-18,33-37]. Patients in different stages of MG who under-
went various surgical interventions—including thymectomy—showed rapid reversal of
rocuronium-induced muscle relaxation after sugammadex administration, without signifi-
cant occurrence of postoperative complications [1,8-10,12,14-18,33,36]. A few cases have
been reported in which symptoms were alleviated after AChEI administration in patients
with incomplete recovery following sugammadex administration and accompanying mus-
cle weakness [13,34,35,37]. However, the comparative effects of the use of sugammadex
and neostigmine on perioperative outcomes in patients with MG following thymectomy
remain unexplored.

In this study, patients in the sugammadex group had a significantly shorter postopera-
tive hospital stay than those in the neostigmine group following VATS-thymectomy, which
is consistent with other studies [19,20]. Mouri et al. demonstrated that compared with
the patients in the control group who did not receive sugammadex, those who received
rocuronium-sugammadex had a significantly lower incidence of postoperative myasthenic
crisis, as well as a significant reduction in the median total hospital costs and median
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postoperative hospital stay [19]. Tsukada et al. reported no in-hospital deaths in patients
administered rocuronium and sugammadex and no difference in the use of plasma ex-
change and immunoglobulins following thymectomy compared with those in the control
group, who did not receive any NMBA. Additionally, postoperative hospital stays were
significantly shorter in patients who received rocuronium-sugammadex than in those in
the control group [20]. Nevertheless, there are some differences between the findings in
these previous studies and those in this study. In the previous studies, patients in the
control group either did not receive an NMBA [20] or were not treated with the specific
reversal agents used in the control group [19]. In contrast, patients in the control group of
this study received neostigmine and glycopyrrolate, which is a strength of this work.

Additionally, all patients in this study underwent VATS-thymectomy, whereas
65.9-72.3% of patients in the previous studies underwent open thoracotomy thymectomy
and/or transsternal thymectomy [19,20]. Considering the rapid increase in the clinical use
of VATS-thymectomy, accompanied by the advancements and popularity of VATS tech-
nology [38], this study offered new evidence on the potential benefits of rocuronium and
sugammadex in shortening the postoperative hospital stay after thymectomy in patients
with MG.

Regarding the secondary outcomes, there was no case of in-hospital mortality in
either group. Furthermore, postoperative respiratory failure attributed to myasthenic crisis
occurred in three patients in the neostigmine group and three in the sugammadex group.
Myasthenic crisis should be distinguished from cholinergic crisis, which is generally caused
by an excessive use of cholinesterase inhibitors [39]. However, because pyridostigmine
was maintained in all of these patients, the respiratory failure was considered to be a result
of postoperative myasthenic crisis. Subsequently, all patients recovered after reintubation
and receiving ventilator-related care. In this study, the incidence rates of complications
corresponding to secondary endpoints were comparable between the two groups. Larger
studies are required to validate these findings.

Due to the insufficient number of patients with MG undergoing VATS-thymectomy,
this study included all patients from November 2007, when VATS-thymectomy was actively
initiated in this institution, to December 2020. The improvement in surgical techniques over
the long study period may have influenced the outcome; thus, we depicted the average
length of postoperative hospital stay in days for each year during the study period in
Figure 2. Between 2007 and 2012, only neostigmine was used because sugammadex has only
been administered since 2013. Because the average lengths of postoperative hospital stay
between 2012 and 2015 were similar, it is unclear whether the surgical technique affected
the postoperative hospitalization period. Additionally, when comparing the lengths of
postoperative hospital stay between 2015, when neostigmine and sugammadex were used,
and 2016, when only sugammadex was used, it is unclear whether the reduced length of
postoperative hospital stay in 2016 was due to the improvement of surgical techniques over
1 year. To exclude the influence of surgical techniques, only surgeries since 2013, when
sugammadex was available, should have been included. However, while sugammadex
usage was too high since 2013, neostigmine usage was too high before 2013. Therefore,
patients were included over a long study period, and different numbers of patients were
included for comparison between the two groups. There were a few standardization issues,
such as the anesthetic agents used (sevoflurane or desflurane), although this issue does
not directly affect the outcomes. Moreover, several factors may affect LOS and mortality
rates, and reversal of neuromuscular blockade is just one of those factors, particularly
when including patients over a 13-year period; although IPTW analysis was performed
to minimize such imbalances, these can be considered major limitations of this study. In
optimizing the treatment for these patients in a single institution, even a longitudinal effect
(learning effect) can lead to bias, which can affect the length of hospital stay. Thus, further
prospective controlled trials are needed to add clinical significance to the existing literature.

It is noteworthy that the sugammadex group presented with a longer duration of
anesthesia and longer operative time, as it should be expectable to improve the surgical
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time by providing better relaxation and a better surgical field, and improved potential
reversal effects could help also shorten the extubation time. This is because the amounts of
NMBA administered to the two groups have not been adjusted, which is another important
limitation of the current study. The neuromuscular blockade depth was monitored by
the attending anesthesiologists during surgery, using the acceleromyography-based TOF
Watch SX, to determine the need for additional NMBA administration. However, there
were no records of the degree of neuromuscular blockade depth, and there were only
records of the total administered dosage of rocuronium. Thus, the retrospective nature of
this study is its main drawback, which makes the data vulnerable to bias and confounding
factors. In a future prospective study, an accurate comparison regarding this needs to be
made between the sugammadex group applying the deep neuromuscular blockade and
neostigmine group applying the moderate neuromuscular blockade.

Another limitation is the “one size fits all” approach to administering neostigmine.
While different doses of sugammadex were administered to the patients in the sugammadex
group, all patients in the neostigmine group received 1 mg of neostigmine, combined with
0.2 mg of glycopyrrolate. Thus, future studies should compare the effects of different doses
of neostigmine.

5. Conclusions

To conclude this retrospective exploratory analysis, patients who received sugam-
madex had significantly shorter postoperative hospital stays than those who received
neostigmine, and sugammadex use may help improve anesthetic management strategies in
patients with MG undergoing VATS-thymectomy. However, it is important to keep in mind
that there are several factors affecting the length of hospital stay and mortality, and that
the reversal agent of the neuromuscular blockade is only one of those factors, especially in
long-term follow-up studies. Thus, further large-scale prospective trials are required in a
different setting to establish definite evidence.

Author Contributions: H.-].N.: conceptualization, study design, collection and analysis of data, and
preparation of original draft. Y.J.O.: analysis, interpretation, and the preparation of the manuscript.
Y.C.Y.: data verification, analysis, interpretation, and preparation of the manuscript. H.S.L.: concep-
tualization, data analysis, and editing of the manuscript. S.J.: conceptualization, data analysis, and
editing of the manuscript. K.H.K.: data verification. N.Y.K.: conceptualization, study design, data
analysis, and editing of the manuscript. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This single-center retrospective study was conducted after
receiving approval from the Institutional Review Board (IRB) and the Hospital Research Ethics
Committee of Severance Hospital, Yonsei University Health System, Seoul, Republic of Korea (IRB
number, 4-2121-0560; approved on 17 June 2021), and it followed the STROBE guidelines for observa-
tional studies.

Informed Consent Statement: The requirement for written informed consent was waived by the IRB
owing to the retrospective nature of the anonymous data.

Data Availability Statement: The original contributions presented in the study are included in the
article. Further inquiries can be directed to the corresponding authors.

Conflicts of Interest: The authors declare no conflict of interest.

1. Sungur Ulke, Z.; Yavru, A.; Camci, E.; Ozkan, B.; Toker, A.; Senturk, M. Rocuronium and sugammadex in patients with myasthenia
gravis undergoing thymectomy. Acta Anaesthesiol. Scand. 2013, 57, 745-748. [CrossRef] [PubMed]

2. Russell, T.; Slinger, P.; Roscoe, A.; McRae, K.; Van Rensburg, A. A randomised controlled trial comparing the glidescope®and the
macintosh laryngoscope for double-lumen endobronchial intubation. Anaesthesia 2013, 68, 1253-1258. [CrossRef] [PubMed]


https://doi.org/10.1111/aas.12123
https://www.ncbi.nlm.nih.gov/pubmed/23678983
https://doi.org/10.1111/anae.12322
https://www.ncbi.nlm.nih.gov/pubmed/24219251

J. Pers. Med. 2023, 13, 1380 10 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

van den Bersselaar, L.R.; Gubbels, M.; Riazi, S.; Heytens, L.; Jungbluth, H.; Voermans, N.C.; Snoeck, M.M.]. Mapping the current
evidence on the anesthetic management of adult patients with neuromuscular disorders-a scoping review. Can. J. Anaesth. 2022,
69, 756-773. [CrossRef]

Dillon, EX. Anesthesia issues in the perioperative management of myasthenia gravis. Semin. Neurol. 2004, 24, 83-94. [CrossRef]
[PubMed]

Bom, A.; Bradley, M.; Cameron, K,; Clark, ] K.; Van Egmond, J.; Feilden, H.; MacLean, E.J.; Muir, A W,; Palin, R.; Rees, D.C.; et al.
A novel concept of reversing neuromuscular block: Chemical encapsulation of rocuronium bromide by a cyclodextrin-based
synthetic host. Angew. Chem. Int. Ed. Engl. 2002, 41, 266-270. [CrossRef] [PubMed]

Epemolu, O.; Bom, A.; Hope, F.; Mason, R. Reversal of neuromuscular blockade and simultaneous increase in plasma rocuro-
nium concentration after the intravenous infusion of the novel reversal agent org 25,969. Anesthesiology 2003, 99, 632-637,
discussion 636A. [CrossRef]

Hristovska, A.M.; Duch, P; Allingstrup, M.; Afshari, A. The comparative efficacy and safety of sugammadex and neostigmine
in reversing neuromuscular blockade in adults. A cochrane systematic review with meta-analysis and trial sequential analysis.
Anaesthesia 2018, 73, 631-641. [CrossRef]

Petrun, A.M.; Mekis, D.; Kamenik, M. Successful use of rocuronium and sugammadex in a patient with myasthenia. Eur. J.
Anaesthesiol. 2010, 27, 917-918. [CrossRef]

Unterbuchner, C.; Fink, H.; Blobner, M. The use of sugammadex in a patient with myasthenia gravis. Anaesthesia 2010, 65, 302-305.
[CrossRef]

de Boer, H.D.; van Egmond, J.; Driessen, ]J.J.; Booij, L.H. Sugammadex in patients with myasthenia gravis. Anaesthesia 2010,
65, 653. [CrossRef]

Komasawa, N.; Noma, H.; Sugi, T.; Sukenaga, N.; Kakiuchi, H. Effective reversal of muscle relaxation by rocuronium using
sugammadex in a patient with myasthenia gravis undergoing laparoscopic cholecystectomy. Masui Jpn. J. Anesthesiol. 2011, 60,
476-479.

Rudzka-Nowak, A.; Piechota, M. Anaesthetic management of a patient with myasthenia gravis for abdominal surgery using
sugammadex. Arch. Med. Sci. 2011, 7, 361-364. [CrossRef] [PubMed]

Garcia, V.; Diemunsch, P; Boet, S. Use of rocuronium and sugammadex for caesarean delivery in a patient with myasthenia
gravis. Int. . Obstet. Anesth. 2012, 21, 286-287. [CrossRef] [PubMed]

Casarotti, P; Mendola, C.; Cammarota, G.; Della Corte, F. High-dose rocuronium for rapid-sequence induction and reversal with
sugammadex in two myasthenic patients. Acta Anaesthesiol. Scand. 2014, 58, 1154-1158. [CrossRef] [PubMed]

de Boer, H.D.; Shields, M.O.; Booij, L.H. Reversal of neuromuscular blockade with sugammadex in patients with myasthenia
gravis: A case series of 21 patients and review of the literature. Eur. |. Anaesthesiol. 2014, 31, 715-721. [CrossRef]

Dabbous, A.S.; Nehme, PW.; Abou Leila, A.M. Anesthetic management of aortic valve replacement in a myasthenia gravis patient,
the era of a new reversal. Middle East |. Anaesthesiol. 2016, 23, 491-494.

Shah, D.; Dharmarajah, A. Use of sugammadex in an octagenerian with myaesthenia gravis undergoing emergency laporotomy.
J. Clin. Anesth. 2017, 37, 109-110. [CrossRef]

Vymazal, T.; Krecmerova, M.; Bicek, V.; Lischke, R. Feasibility of full and rapid neuromuscular blockade recovery with sugam-
madex in myasthenia gravis patients undergoing surgery—A series of 117 cases. Ther. Clin. Risk Manag. 2015, 11, 1593-1596.
[CrossRef]

Mouri, H;; Jo, T.; Matsui, H.; Fushimi, K.; Yasunaga, H. Effect of sugammadex on postoperative myasthenic crisis in myasthenia
gravis patients: Propensity score analysis of a japanese nationwide database. Anesth. Analg. 2020, 130, 367-373. [CrossRef]
Tsukada, S.; Shimizu, S.; Fushimi, K. Rocuronium reversed with sugammadex for thymectomy in myasthenia gravis: A
retrospective analysis of complications from japan. Eur. ]. Anaesthesiol. 2021, 38, 850-855. [CrossRef]

Kim, N.; Lee, S.H.; Choi, K.W.; Lee, H.; Oh, Y.J. Effects of positive end-expiratory pressure on pulmonary oxygenation and
biventricular function during one-lung ventilation: A randomized crossover study. J. Clin. Med. 2019, 8, 740. [CrossRef] [PubMed]
Lee, K.; Oh, YJ.; Kim, M.; Song, S.H.; Kim, N. Effects of iloprost on oxygenation during one-lung ventilation in patients with low
diffusing capacity for carbon monoxide: A randomized controlled study. J. Clin. Med. 2022, 11, 1542. [CrossRef] [PubMed]
Fuchs-Buder, T.; Claudius, C.; Skovgaard, L.T.; Eriksson, L.I.; Mirakhur, R K.; Viby-Mogensen, J. Good clinical research practice
in pharmacodynamic studies of neuromuscular blocking agents ii: The stockholm revision. Acta Anaesthesiol. Scand. 2007, 51,
789-808. [CrossRef] [PubMed]

Leuzzi, G.; Meacci, E.; Cusumano, G.; Cesario, A.; Chiappetta, M.; Dall’armi, V.; Evoli, A.; Costa, R.; Lococo, F.; Primieri, P; et al.
Thymectomy in myasthenia gravis: Proposal for a predictive score of postoperative myasthenic crisis. Eur. |. Cardiothorac. Surg.
2014, 45, e76—88, discussion e88. [CrossRef]

Xue, L.; Wang, L.; Dong, J.; Yuan, Y.; Fan, H.; Zhang, Y.; Wang, Q.; Ding, J. Risk factors of myasthenic crisis after thymectomy for
thymoma patients with myasthenia gravis. Eur. . Cardiothorac. Surg. 2017, 52, 692—697. [CrossRef]

Xu, S.; Ross, C.; Raebel, M.A; Shetterly, S.; Blanchette, C.; Smith, D. Use of stabilized inverse propensity scores as weights to
directly estimate relative risk and its confidence intervals. Value Health 2010, 13, 273-277. [CrossRef]

Austin, P.C,; Stuart, E.A. Moving towards best practice when using inverse probability of treatment weighting (iptw) using the
propensity score to estimate causal treatment effects in observational studies. Stat. Med. 2015, 34, 3661-3679. [CrossRef]
Lumley, T.; Scott, A.J. Two-sample rank tests under complex sampling. Biometrika 2013, 100, 831-842. [CrossRef]


https://doi.org/10.1007/s12630-022-02230-3
https://doi.org/10.1055/s-2004-829587
https://www.ncbi.nlm.nih.gov/pubmed/15229795
https://doi.org/10.1002/1521-3757(20020118)114:2%3C275::AID-ANGE275%3E3.0.CO;2-A
https://www.ncbi.nlm.nih.gov/pubmed/12491405
https://doi.org/10.1097/00000542-200309000-00018
https://doi.org/10.1111/anae.14160
https://doi.org/10.1097/EJA.0b013e3283392593
https://doi.org/10.1111/j.1365-2044.2009.06236.x
https://doi.org/10.1111/j.1365-2044.2010.06360.x
https://doi.org/10.5114/aoms.2011.22094
https://www.ncbi.nlm.nih.gov/pubmed/22291783
https://doi.org/10.1016/j.ijoa.2012.02.006
https://www.ncbi.nlm.nih.gov/pubmed/22622006
https://doi.org/10.1111/aas.12391
https://www.ncbi.nlm.nih.gov/pubmed/25182127
https://doi.org/10.1097/EJA.0000000000000153
https://doi.org/10.1016/j.jclinane.2016.11.008
https://doi.org/10.2147/TCRM.S93009
https://doi.org/10.1213/ANE.0000000000004239
https://doi.org/10.1097/EJA.0000000000001500
https://doi.org/10.3390/jcm8050740
https://www.ncbi.nlm.nih.gov/pubmed/31126111
https://doi.org/10.3390/jcm11061542
https://www.ncbi.nlm.nih.gov/pubmed/35329869
https://doi.org/10.1111/j.1399-6576.2007.01352.x
https://www.ncbi.nlm.nih.gov/pubmed/17635389
https://doi.org/10.1093/ejcts/ezt641
https://doi.org/10.1093/ejcts/ezx163
https://doi.org/10.1111/j.1524-4733.2009.00671.x
https://doi.org/10.1002/sim.6607
https://doi.org/10.1093/biomet/ast027

J. Pers. Med. 2023, 13, 1380 11 of 11

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Lee, S.; Zhou, J.; Leung, K.S.K.; Wai, A K.C,; Jeevaratnam, K.; King, E.; Liu, T.; Wong, W.T.; Chang, C.; Wong, L.C.K,; et al.
Comparison of sodium-glucose cotransporter-2 inhibitor and dipeptidyl peptidase-4 inhibitor on the risks of new-onset atrial
fibrillation, stroke and mortality in diabetic patients: A propensity score-matched study in hong kong. Cardiovasc. Drugs Ther.
2023, 37, 561-569. [CrossRef]

Lee, W.; Kim, KM.; Kwak, B.J.; Park, Y.; Jun, E.; Song, K.B.; Hwang, D.W.; Kim, S.C.; Lee, ].H. Clinical outcomes between
a minimally invasive and open extended cholecystectomy for t2 gallbladder cancer: A propensity score matching analysis.
J. Laparoendosc. Adv. Surg. Tech. A 2022, 32, 538-544. [CrossRef]

Blichfeldt-Lauridsen, L.; Hansen, B.D. Anesthesia and myasthenia gravis. Acta Anaesthesiol. Scand. 2012, 56, 17-22. [CrossRef]
[PubMed]

Katz, J.A.; Murphy, G.S. Anesthetic consideration for neuromuscular diseases. Curr. Opin. Anaesthesiol. 2017, 30, 435-440.
[CrossRef] [PubMed]

Jakubiak, J.; Gaszynski, T.; Gaszynski, W. Neuromuscular block reversal with sugammadex in a morbidly obese patient with
myasthenia gravis. Anaesthesiol. Intensive Ther. 2012, 44, 28-30. [PubMed]

Kiss, G.; Lacour, A.; d’'Hollander, A. Fade of train-of-four ratio despite administration of more than 12 mg kg‘1 sugammadex in a
myasthenia gravis patient receiving rocuronium. Br. ]. Anaesth. 2013, 110, 854-855. [CrossRef]

Sugi, Y.; Nitahara, K.; Shiroshita, T.; Higa, K. Restoration of train-of-four ratio with neostigmine after insufficient recovery with
sugammadex in a patient with myasthenia gravis. A&A Case Rep. 2013, 1, 43-45.

Kim, R.K,; Kim, S.Y. Rapid return of spontaneous respiration after general anesthesia with sugammadex in a patient with
myasthenia gravis. J. Lifestyle Med. 2016, 6, 43-46. [CrossRef]

Fernandes, H.D.S.; Ximenes, J.L.S.; Nunes, D.I.; Ashmawi, H.A.; Vieira, J.E. Failure of reversion of neuromuscular block with
sugammadex in patient with myasthenia gravis: Case report and brief review of literature. BMC Anesthesiol. 2019, 19, 160.
[CrossRef]

Gross, D.J.; Zangbar, B.; Muthu, N.; Chang, E.H.; Badami, A; Stein, L.; Gruessner, R.; Poston, R. Saving the split: The benefits of
vats thymectomy. J. Thorac. Dis. 2019, 11, 1428-1432. [CrossRef]

Gilhus, N.E. Myasthenia gravis. N. Engl. . Med. 2016, 375, 2570-2581. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1007/s10557-022-07319-x
https://doi.org/10.1089/lap.2021.0417
https://doi.org/10.1111/j.1399-6576.2011.02558.x
https://www.ncbi.nlm.nih.gov/pubmed/22091897
https://doi.org/10.1097/ACO.0000000000000466
https://www.ncbi.nlm.nih.gov/pubmed/28448298
https://www.ncbi.nlm.nih.gov/pubmed/23801510
https://doi.org/10.1093/bja/aet098
https://doi.org/10.15280/jlm.2016.6.1.43
https://doi.org/10.1186/s12871-019-0829-0
https://doi.org/10.21037/jtd.2019.03.51
https://doi.org/10.1056/NEJMra1602678

	Introduction 
	Materials and Methods 
	Study Population 
	Intraoperative Management 
	Neuromuscular Blockade 
	Variables and Outcomes 
	Statistical Analyses 

	Results 
	Discussion 
	Conclusions 
	References

