
Article

Effect of Sugammadex on Postoperative
Pulmonary Complications and Rapid
Recovery in Lung Cancer Patients
Treated with Video-Assisted Thoracic
Surgery: A Retrospective Cohort Study

Ann. Ital. Chir., 2024 95, 5: 963–971
https://doi.org/10.62713/aic.3547

963 Ann. Ital. Chir., 95, 5, 2024

Tianhao Song1, Lingxi Xing1, Yuyan Ding1, Xiaolan Gu1, Rong Gao1, Lei Qiu1, Lianbing Gu1

1Department of Anesthesiology, Jiangsu Cancer Hospital and Jiangsu Institute of Cancer Research, The Affiliated Cancer Hospital of Nanjing Medical
University, 210000 Nanjing, Jiangsu, China

AIM: This study aimed to investigate the effects of sugammadex on postoperative pulmonary complications and rapid recovery in lung
cancer patients undergoing video-assisted thoracic surgery (VATS).
METHODS: A retrospective analysis was conducted on the clinical data of 1131 lung cancer patients. Of these, 631 patients received
sugammadex at the end of anesthesia, while 500 patients did not. To mitigate potential confounding factors, propensity score matching
(PSM) was employed at a 1:1 ratio. After matching, 435 patients were obtained from each group. Patients who received sugammadex
at the end of anesthesia were classified into Group S (n = 435) and those who did not receive sugammadex were Group P (n = 435).
Postoperative pulmonary complications, indicators of recovery after surgery, nausea and vomiting, pain and lung infection scores and
biochemical indices were compared between the two groups.
RESULTS: Compared to Group P, Group S demonstrated statistically significant improvements across multiple perioperative and post-
operative outcomes. Group S exhibited a lower incidence of postoperative pulmonary complications (χ2 = 9.52, p = 0.002), as well as
reduced durations for several key time intervals: from the cessation of muscle relaxation to extubation (Z = 12.96, p < 0.001), from the
conclusion of surgery to extubation (Z = 13.66, p < 0.001), and total operating theatre occupancy (Z = 5.81, p < 0.001). Furthermore,
Group S showed accelerated recovery in terms of time to first oral intake (drink: Z = 3.80, p < 0.001; eat: Z = 3.80, p < 0.001), time to
defecate (Z = 3.25, p = 0.001), and time to chest tube removal (Z = 5.04, p < 0.001). Pain management outcomes were also superior in
Group S, with lower motor visual analogue scale (VAS) scores at both 24 h (Z = 4.71, p < 0.001) and 48 h (Z = 5.05, p < 0.001) post-
operatively. Group S additionally demonstrated a lower modified Clinical Pulmonary Infection Score (mCPIS) (Z = 4.68, p < 0.001),
reduced complication rates during the general anesthesia awakening period (χ2 = 23.54, p < 0.001), and a lower incidence of renal
function abnormalities (χ2 =12.65, p < 0.001). Certain parameters, including total hospital stay duration and postoperative drainage
volume, did not differ significantly between the two groups (p > 0.05).
CONCLUSIONS: Sugammadex can effectively reduce the incidence of postoperative pulmonary complications in lung cancer patients
treated with VATS, and help promote their rapid postoperative recovery with significant clinical benefits.
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Introduction
Lung cancer is the leading cause of cancer-related mortal-
ity worldwide, with surgical intervention being the opti-
mal treatment modality for early-stage disease [1]. Video-
assisted thoracic surgery (VATS) has gained widespread
clinical practice due to its advantages over traditional open
thoracotomy, including rapid postoperative recovery and
reduced incidence of postoperative pain and associated
complications [2, 3]. Consequently, VATS has become a
standard procedure for the treatment of lung cancer [4].
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However, the technical demands of VATS necessitate pre-
cise manipulation within a limited surgical field. To fa-
cilitate optimal visualization and adequate operating space
for the surgeon, general anesthesia with muscle relaxation
is requisite [5, 6]. Neuromuscular blocking agents (NM-
BAs) are used to facilitate endotracheal intubation, reduce
intra-abdominal pressure, and optimize surgical conditions
[7]. However, several studies have shown that residual
neuromuscular blockade following anesthesia is a signifi-
cant risk factor for postoperative pulmonary complications,
potentially necessitating reintubation in some cases [8, 9].
Appropriate reversal of neuromuscular blockade may re-
duce the risk of postoperative pulmonary complications [7].
Cholinesterase inhibitors, represented by neostigmine, are
currently employed as reversal agents for muscle relaxants.
These compounds increase acetylcholine concentrations at
the neuromuscular junction, thereby competingwith nonde-
polarizing muscle relaxants for receptor binding sites to an-
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tagonize muscle relaxation [10]. However, the administra-
tion of cholinesterase inhibitors can lead to acute respiratory
adverse events, including hypoxemia and dyspnea, as well
as postoperative pulmonary complications such as pneumo-
nia, atelectasis, and prolonged air leak. Furthermore, these
agents may lead to delayed tracheal extubation and residual
muscle weakness [11, 12, 13, 14].
Sugammadex, the first selective relaxant binding agent to
receive clinical approval in the United States in 2008, is a
synthetically modified γ-cyclodextrin derivative. Its struc-
ture comprises a hydrophilic core and a lipophilic exterior,
allowing for the encapsulation of neuromuscular blocking
agents through hydrophobic interactions. This encapsula-
tion results in the formation of a stable, water-soluble com-
pound [15, 16]. Sugammadex exhibits a high affinity for
free plasma steroidal neuromuscular blocking agents, form-
ing a tightly bound 1:1 complex. This interaction leads to
a rapid reduction in the concentration of the neuromuscular
blocker at the neuromuscular junction, leading to a restora-
tion ofmuscle relaxation [17]. The efficacy of sugammadex
for neuromuscular blockade reversal is superior to that of
traditional acetylcholinesterase inhibitors, with a more fa-
vorable side effect profile [17, 18, 19]. Therefore, the use
of sugammadex for antagonism of neuromuscular block-
ade is hypothesized to reduce the incidence of postopera-
tive pulmonary complications and enhance recovery in pa-
tients undergoing VATS for lung cancer. However, despite
the established efficacy of sugammadex in neuromuscular
blockade reversal, its effects in Chinese patients with lung
cancer undergoing VATS have not been previously investi-
gated. We hypothesized that the administration of sugam-
madex could alleviate postoperative pulmonary complica-
tions and promote rapid recovery in patients with lung can-
cer who underwent VATS. To investigate this hypothesis,
we designed and implemented a retrospective cohort study
to evaluate the efficacy of sugammadex in these patients.

Materials and Methods
Study Design and Study Population
In this retrospective cohort study, we analyzed 1131 lung
cancer patients who underwent VATS from January 2020 to
December 2022 at Jiangsu Cancer Hospital in China. The
inclusion criteria were: (1) age≥18 years; (2) no gender re-
strictions; (3) general anesthesia with tracheal or bronchial
intubation; and (4) lung cancer diagnosis confirmed by
postoperative pathological biopsy. Exclusion criteria en-
compassed: (1) severe adverse reactions to sugammadex
or other anesthetics; (2) pregnancy and breastfeeding; (3)
contraindications to neuromuscular blockade; (4) previous
thoracic surgery; (5) significant preoperative hepatic, renal,
cardiac, or pulmonary dysfunction; (6) multiple surgeries
within 30 days; (7) simultaneous use of multiple antago-
nist drugs or reintroduction of inotropic drugs following
sulforaphane administration; and (8) incomplete key med-
ical records. Of the 1131 patients, 631 received sugam-

madex at the end of anesthesia, while 500 did not. The two
groups were matched 1:1 using propensity score matching
(PSM). After matching, each group comprised 435 patients.
Patients who received sugammadex for the neuromuscular
blockade at the end of anesthesia were designated as Group
S (n = 435), while those who did not receive sugammadex
at the end of anaesthesia were classified as Group P (n =
435).
The study was approved by the Medical Ethics Commit-
tee of Jiangsu Cancer Hospital (2021-003) and due to its
retrospective nature, informed consent was waived by the
Ethics Committee. All procedures performed in this study
involving human participants were in accordance with the
Declaration of Helsinki (as revised in 2013).

Treatment
Following patient admission to the operating theatre and
completion of preoperative preparations, the anesthesiol-
ogist determined the necessity of sugammadex adminis-
tration. The dosage of sugammadex administered was 2
mg/kg, with a maximum daily dosage not exceeding 200
mg. Extubationwas performed upon the patient’s full return
to consciousness. In the event of postoperative nausea and
vomiting, metoclopramide was administered intravenously
at a dose of 10 mg, with a maximum daily dose not ex-
ceeding 30 mg. Analgesic management was conducted in
accordance with standard protocols, tailored to the patient’s
reported pain intensity.

Data Collection
The following data were collected from the patient’s elec-
tronic medical record:
(1) Baseline characteristics: sex, age, body mass index
(BMI), comorbidities, American Society of Anesthesiolo-
gists (ASA) classification, anesthesia type, and intraopera-
tive conditions.
(2) Primary outcome measures: the occurrence of postop-
erative pulmonary complications. Postoperative pulmonary
complications encompass a range of respiratory disorders,
including, but not limited to: respiratory infections, respira-
tory failure, bronchospasm, pulmonary atelectasis, pleural
effusion, pneumothorax, aspiration pneumonia, acute respi-
ratory distress syndrome, pulmonary embolism, and other
related conditions [18].
(3) Secondary outcome measures. Postoperative recovery
indicators [20, 21]: time interval from inotropic discontinu-
ation to extubation, duration from end of surgery to extuba-
tion, total operating room occupancy time, pre-extubation
oxygen saturation, minimum post-extubation oxygen sat-
uration, oxygen saturation at operating room discharge,
utilization of additional pharmacological antagonists, total
length of hospital stay (days), postoperative length of hospi-
tal stay (days), hospital costs, time to oral fluid intake, time
to oral solid intake, time to defecate, duration of chest tube
placement, and postoperative drainage volume. Postopera-
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tive symptom and complication assessment: 24-hour post-
operative nausea and vomiting, 24-hour resting pain score
using visual analogue scale (VAS), 24-hour dynamic pain
score using VAS, 48-hour postoperative nausea and vomit-
ing score, 48-hour resting pain score using VAS score, 48-
hour dynamic pain score using VAS, modified Clinical Pul-
monary Infection Score (mCPIS).
(4) Perioperative complications: the incidence of compli-
cations during awakening from anesthesia and throughout
the perioperative period was monitored and recorded.
(5) Biochemical parameters: biochemical analyses were
conducted on postoperative day 3. The following param-
eters were evaluated: hepatic function [alanine aminotrans-
ferase (ALT), γ-glutamyl transpeptidase (GGT), alkaline
phosphatase (ALP), total bilirubin (TBIL), direct bilirubin
(DBIL)], renal function (urea, creatinine), hematological
parameters [hemoglobin (HB), red blood cells (RBC), white
blood cells (WBC)].

Statistical Analysis
Data management and statistical analyses were performed
using SAS software version 9.4 (SAS Institute, Inc., Cary,
NC, USA). Qualitative information was described using n
(%), and comparisons between groups were conducted us-
ing chi-square test or Fisher’s exact probabilitymethod. For
normally distributed continuous variables, data were pre-
sented as mean± standard deviation (SD) and analyzed us-
ing Student’s t-test. For quantitative data that did not obey
normal distribution, M (P25, P75) was used to describe the
data, and the rank sum test was used for comparison be-
tween groups. The PSM method was used to achieve a 1:1
ratio between the study and control groups. Matching cri-
teria included participants’ demographic characteristics and
comorbidities. A caliper width of 0.10 was implemented to
ensure optimal matching precision. This process resulted
in the pairing of 435 cases in each group. Unless otherwise
specified, the significant level (α) was established at 0.05.
Statistical significance was determined by p < 0.05.

Results
Baseline Information
A retrospective cohort study was conducted, encompassing
1131 patients who underwent thoracoscopic radical lung
cancer surgery between January 2020 and December 2022,
the study flowchart is shown in Fig. 1. Of these, 631 pa-
tients received sugammadex treatment, while 500 patients
did not receive the antagonist. Baseline data included pa-
tient demographics, comorbidities, anesthesia details, and
intraoperative conditions. Propensity score matching was
employed to mitigate potential confounding factors, result-
ing in a final cohort of 870 patients equally distributed be-
tween the sugammadex group and the control group. The
matching process effectively balanced covariates between
the two groups. As shown in Table 1, no statistically signif-

icant differences in baseline characteristics were observed
between the two groups after matching (p > 0.05).

Primary Observation Indicators
The data in Table 2 indicated that the incidence of post-
operative pulmonary complications was significantly lower
in Group S compared to Group P (χ2 = 9.52, p = 0.002).
Specifically, the incidence of pulmonary atelectasis (χ2 =
4.27, p = 0.039) and pleural effusion (χ2 =5.78, p = 0.016)
was reduced in Group S relative to Group P. No significant
differences were observed between the two groups concern-
ing the incidence of pneumonia and pneumothorax. Addi-
tionally, there was one case of reintubation due to expira-
tory failure in Group P. However, there was no statistical
difference between the two groups (p > 0.05).

Secondary Observation Indicators
Surgery-Related Indicators
As shown in Table 3, Group S exhibited significantly
shorter durations compared to Group P in several key mea-
sures: the time from cessation of muscle relaxation to ex-
tubation (Z = 12.96, p < 0.001), the time from the end of
surgery to extubation (Z = 13.66, p < 0.001), the total time
occupying the operating theatre (Z = 5.81, p < 0.001), the
time to drink (Z = 3.80, p < 0.001), the time to eat (Z =
3.80, p< 0.001), the time to defecate (Z = 3.25, p = 0.001),
and the time to remove the chest tube (Z = 5.04, p< 0.001).
No significant differences were observed between the two
groups for the remaining indices (p > 0.05).

Nausea and Vomiting, Pain and Lung Infection Score
As shown in Table 4, the 24-hour exercise VAS score (Z =
4.71, p< 0.001), the 48-hour exercise VAS score (Z = 5.05,
p < 0.001), and the mCPIS score (Z = 4.68, p < 0.001)
were significantly lower in Group S compared to Group P.
No significant differences were observed in the remaining
scores between the two groups (p > 0.05).

Complications
As shown in Table 5, the complication rate during general
anaesthetic awakening was significantly lower in Group S
compared toGroup P (χ2 = 23.54, p< 0.001). Additionally,
the incidence of delayed awakeningwas reduced in Group S
relative to Group P (χ2 = 33.95, p< 0.001). No significant
differences were observed in the rates of other perioperative
complications between the two groups (p > 0.05).

Biochemical Indexes
The data in Table 6 indicated that the incidence of renal
function abnormalities was significantly lower in Group S
compared to Group P (χ2 = 12.65, p < 0.001). No statisti-
cally significant differences were observed between the two
groups for the remaining indicators (p > 0.05).
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Fig. 1. The study flowchart. VATS, video-assisted thoracic surgery; PSM, propensity score matching.

Discussion
The results of this study indicated that the application
of sodium sulforaphane in VATS for lung cancer patients
could significantly reduce postoperative pulmonary com-
plications compared to the use of sugammadex alone. This
approach could also shorten the duration from cessation
of musculoskeletal relaxation to extubation. Additionally,
it could facilitate earlier resumption of oral intake and
defecation in the postoperative period. Furthermore, it
could decrease complications during the awakening period
from general anesthesia, reduce pain during movement, and
lower the incidence of pulmonary infections, thereby pro-
moting rapid postoperative recovery.
Pulmonary complications were the primary focus of this
study. Previous research has yielded conflicting results
regarding the efficacy of sugammadex in reducing post-
operative pulmonary complications following abdominal
surgery. A retrospective analysis by Li G et al. [19] showed
that the administration of sugammadex during general anes-
thesia for abdominal surgery did not lead to a reduction
in postoperative pulmonary complications in patients un-

dergoing abdominal surgery. The same conclusion was
reached in a study by Kirmeier E et al. [22]. However,
some studies have suggested that sugammadex may con-
tribute to a reduction in postoperative pulmonary complica-
tions in patients undergoing general anesthesia for abdom-
inal surgery [23, 24]. The findings of this study showed
that the incidence of pulmonary complications was lower
in Group S compared to Group P, mainly due to a reduced
occurrence of pulmonary atelectasis and pleural effusion. It
was confirmed that sugammadex effectively reduced post-
operative pulmonary complications in lung cancer patients
undergoing VATS. Pulmonary atelectasis is the most com-
mon respiratory complication after thoracic surgery and is
a significant cause of early postoperative hypoxemia and
respiratory distress [25, 26]. The administration of glu-
cose and sodium can promote the recovery of deep neu-
romuscular block, improve the electromyographic activity
of the diaphragm and intercostal muscles, increase tidal
volume, and improve the ability to clear secretions. Con-
currently, it can reduce the residual muscle relaxation, en-
courage the patients to awaken quickly and initiate spon-
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Table 1. Comparison of patients’ general conditions before and after matching.
Pre-match Post-match

Variable
No sugammadex Sugammadex

χ2/Z p
No sugammadex

(Group P)
Sugammadex
(Group S) χ2/Z p

(n = 500) (n = 631) (n = 435) (n = 435)

Age (years) 58.0 (50.0, 66.0) 60.0 (52.0, 67.0) –3.35 <0.001# 59.0 (51.0, 66.0) 58.0 (51.0, 66.0) 0.04 0.968
BMI (kg/m2) 23.8 (21.7, 25.7) 23.7 (21.6, 25.9) 0.07 0.942 23.8 (21.7, 25.7) 23.6 (21.4, 25.7) 0.75 0.453
Gender (n)
Male 201 (40.20) 291 (46.12) 3.97 0.046 183 (42.07) 187 (42.99) 0.08 0.784
Women 299 (59.80) 340 (53.88) 252 (57.93) 248 (57.01)

ASA (n)
Ⅱ 374 (74.80) 436 (69.10) 4.46 0.035 323 (74.25) 321 (73.79) 0.02 0.877
Ⅲ 126 (25.20) 195 (30.90) 112 (25.75) 114 (26.21)

Nutrient solution use (n) 78 (15.60) 112 (17.75) 0.92 0.337 71 (16.32) 71 (16.32) 0.00 1.000
Underlying disease
diabetes (n)

24 (4.80) 57 (9.03) 7.52 0.006 24 (5.52) 25 (5.75) 0.02 0.883

Hypertension (n) 112 (22.40) 161 (25.52) 1.48 0.224 100 (22.99) 98 (22.53) 0.03 0.872
Heart disease (n) 19 (3.80) 32 (5.07) 1.05 0.306 17 (3.91) 17 (3.91) 0.00 1.000
Asthma (n) 6 (1.20) 5 (0.79) - 0.551* 5 (1.15) 5 (1.15) 0.00 1.000
Post-radiotherapy (n) 4 (0.80) 12 (1.90) 2.43 0.119 4 (0.92) 4 (0.92) - 1.000*
Post-chemotherapy (n) 21 (4.20) 30 (4.75) 0.20 0.655 21 (4.83) 22 (5.06) 0.02 0.876
COPD (n) 7 (1.40) 10 (1.58) 0.06 0.800 7 (1.61) 5 (1.15) 0.34 0.561
History of cerebral infarction (n) 9 (1.80) 9 (1.43) 0.25 0.618 8 (1.84) 7 (1.61) 0.07 0.795
Anaemia (n) 1 (0.20) 3 (0.48) - 0.634* 1 (0.23) 1 (0.23) - 1.000*
Hepatitis B (n) 3 (0.60) 2 (0.32) - 0.660* 3 (0.69) 2 (0.46) - 1.000*
Intraoperative infusion volume (mL) 1500 (1000, 2000) 1500 (1000, 1500) 1.40 0.160 1500 (1000, 1500) 1500 (1000, 1500) –0.19 0.850
Bleeding volume (mL) 50 (20, 50) 50 (30, 50) –0.94 0.346 50 (20, 50) 50 (20, 50) 0.84 0.403
Urine volume (mL) 200 (150, 300) 200 (150, 300) –2.73 0.006# 200 (150, 300) 200 (150, 300) –0.72 0.474
Total muscle relaxation (mg) 105.7 (86.7, 130.5) 118.0 (94.6, 140.0) –5.51 <0.001# 108.7 (90.0, 132.7) 113.0 (92.5, 133.4) –1.08 0.280
Length of surgery (min) 89 (59, 129) 107 (74, 145) –5.16 <0.001# 95 (62, 133) 100 (70, 135) –1.21 0.227
Admission oxygen saturation (%) 99.0 (98.0, 100.0) 99.0 (98.0, 100.0) –0.02 0.983 99.0 (98.0, 100.0) 99.0 (98.0, 100.0) 0.17 0.864
OLV duration (min) 80 (50, 115) 90 (60, 129) –3.77 <0.001# 83 (54, 120) 86 (59, 121) –0.74 0.462
Surgical site (cases)
Left 201 (40.20) 268 (42.47) 0.59 0.441 181 (41.61) 183 (42.07) 0.02 0.891
Right 299 (59.80) 363 (57.53) 254 (58.39) 252 (57.93)

Type of surgery (n)
Wedge excision 193 (38.60) 180 (28.53) 14.17 <0.001 145 (33.33) 145 (33.33) 0.14 0.935
Segmental lung resection 87 (17.40) 146 (23.14) 85 (19.54) 81 (18.62)
Lobectomy (medicine) 220 (44.00) 305 (48.34) 205 (47.13) 209 (48.05)

Type of catheter (n)
Double lumen 130 (26.00) 161 (25.52) 0.03 0.853 114 (26.21) 109 (25.06) 0.15 0.698
Blocker 370 (74.00) 470 (74.48) 321 (73.79) 326 (74.94)

Note: “*” uses Fisher’s exact probability method; “#” uses the rank sum test. Abbreviations: BMI, body mass index; ASA, American Society of
Anesthesiologists; OLV, One-lung Ventilation; COPD, chronic obstructive pulmonary disease.

taneous breathing, promote coughing and sputum expecto-
ration, and promote the recovery of lung function, which
can help reduce the occurrence of postoperative pulmonary
atelectasis in the early postoperative period [24, 27]. Addi-
tionally, the rapid recovery of respiratory muscle strength
can also help reduce the occurrence of pleural effusion.
The incidence of complications during the awakening pe-
riod was lower in Group S compared to Group P. This dif-
ference is primarily attributed to the reduced incidence of

delayed awakening in Group S. The incidence of residual
block caused by sugammadex was reported to be 0% to 3%
[13]. Sugammadex facilitates more complete clearance of
residual block, thereby promoting rapid awakening of pa-
tients after anesthesia. No significant differences were ob-
served between the two groups concerning other complica-
tions, such as postoperative bleeding, suggesting that sug-
ammadex does not offer the advantage of reducing other
complications, such as postoperative bleeding, after VATS.
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Table 2. Postoperative pulmonary complications in both groups [n (%)].

Variable
Group P Group S

χ2 p
(n = 435) (n = 435)

Pulmonary complications (n) 168 (38.62) 125 (28.74) 9.52 0.002
Pulmonary atelectasis (n) 78 (17.93) 56 (12.87) 4.27 0.039
Pneumothorax (n) 1 (0.23) 3 (0.69) - 0.624*
Pleural effusion (n) 90 (20.69) 63 (14.48) 5.78 0.016
Pneumonia (n) 41 (9.43) 35 (8.05) 0.52 0.471
Reintubation for expiratory failure (n) 1 (0.23) 0 (0.00) - 1.000*

Note: “*” uses Fisher’s exact probability method.

Table 3. Surgery-related indicators in both groups.

Variable
Group P Group S

Z p
(n = 435) (n = 435)

Stop muscle relaxation to extubation (min) 58.0 (42.0, 80.0) 36.0 (26.0, 50.0) 12.96 <0.001
From end of surgery to extubation (min) 43.0 (27.0, 64.0) 20.0 (11.0, 35.0) 13.66 <0.001
Total operating theatre occupancy (min) 214.0 (173.0, 266.0) 191.0 (155.0, 231.0) 5.81 <0.001
Pre-intubation oxygen saturation (%) 100.0 (100.0, 100.0) 100.0 (100.0, 100.0) 0.27 0.789
Minimum post-extubation oxygen saturation (%) 100.0 (98.0, 100.0) 100.0 (97.0, 100.0) 0.67 0.500
Pre-exit oxygen saturation (%) 100.0 (99.0, 100.0) 100.0 (99.0, 100.0) 1.37 0.169
Total hospital days (d) 11.0 (8.0, 13.0) 10.0 (8.0, 13.0) 1.21 0.226
Post-operative hospitalization days (d) 6.0 (4.0, 7.0) 5.0 (4.0, 7.0) 0.46 0.642
Total cost of hospitalization ($) 61,252 (50,986, 74,600) 63,049 (52,582, 75,189) –1.29 0.198
Drinking time (h) 14.0 (12.0, 17.0) 13.0 (12.0, 16.0) 3.80 <0.001
Feeding time (h) 14.0 (12.0, 17.0) 13.0 (12.0, 16.0) 3.80 <0.001
Defecation time (h) 90.0 (52.0, 97.0) 70.0 (48.0, 94.0) 3.25 0.001
Time to chest tube removal (h) 111.0 (68.0, 138.0) 88.0 (65.0, 114.0) 5.04 <0.001
Postoperative drainage (mL) 545.0 (320.0, 960.0) 582.0 (340.0, 910.0) –0.29 0.775

Table 4. Nausea and vomiting, pain and lung infection scores in both groups.

Variable
Group P Group S

Z p
(n = 435) (n = 435)

Nausea and vomiting score (24 h) (scores) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) –0.48 0.633
Resting VAS score (24 h) (scores) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 1.07 0.285
Exercise VAS score (24 h) (scores) 2.00 (2.00, 3.00) 2.00 (2.00, 3.00) 4.71 <0.001
Nausea and vomiting score (48 h) (scores) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) –1.08 0.282
Resting VAS score (48 h) (scores) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 1.06 0.288
Exercise VAS score (48 h) (scores) 2.00 (2.00, 3.00) 2.00 (2.00, 3.00) 5.05 <0.001
mCPIS (scores) 2.00 (1.00, 3.00) 1.00 (1.00, 2.00) 4.68 <0.001

Note: Abbreviations: VAS, visual analogue scale; mCPIS, modified Clinical Pulmonary Infection Score.

To investigate the effect of sugammadex on postoperative
recovery in lung cancer patients undergoing VATS, various
perioperative indicators were evaluated in both groups. The
results showed that patients in Group S exhibited signifi-
cantly shorter durations for several key parameters. These
parameters included: time from neuromuscular blockade
reversal to extubation, time from completion of surgery to
extubation, total operating theatre occupancy time, time to
oral fluid intake, time to solid food intake, time to defecate,
and time to chest tube removal. These findings suggest that
sugammadex may facilitate rapid recovery in lung cancer

patients following VATS and improve the turnover rate of
the operating theatre. The patients in Group S demonstrated
accelerated recovery following VATS, due to the excellent
de-blocking residuals, the excellent defecation time, and the
good performance of sugammadex. The rapid recovery of
Group S patients after VATS can be attributed to the excel-
lent deblocking residue of sugammadex, facilitating rapid
recovery of skeletal muscle function and pulmonary ven-
tilation [28, 29, 30]. At the same time, sugammadex ef-
fectively reduces complications, which also helps promote
the speedy removal of chest tubes, feeding, and defecation.
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Table 5. Complications in both groups [n (%)].

Variable
Group P Group S

χ2 p
(n = 435) (n = 435)

Complications during awakening from general anesthesia (n) 77 (17.70) 30 (6.90) 23.54 <0.001
Delay in awakening (n) 45 (10.34) 5 (1.15) 33.95 <0.001
Nausea and vomiting (n) 12 (2.76) 12 (2.76) 0.00 1.000
Hypoxaemia (n) 24 (5.52) 13 (2.99) 3.42 0.065

Other perioperative complications (n) 6 (1.38) 2 (0.46) - 0.287*
Post-operative hemorrhage (n) 3 (0.69) 1 (0.23) - 0.624*
Secondary surgery (n) 3 (0.69) 1 (0.23) - 0.624*
Postoperative blood transfusion (n) 3 (0.69) 1 (0.23) - 0.624*
Coeliac disease (n) 1 (0.23) 1 (0.23) - 1.000*
Postoperative atrial fibrillation (n) 1 (0.23) 0 (0.00) - 1.000*
Heart failure (n) 1 (0.23) 0 (0.00) - 1.000*

Note: “*” uses Fisher’s exact probability method.

Table 6. Laboratory indices of patients in both groups [n (%)].
Variable Group P Group S χ2 p

Liver enzyme abnormalities (n) 38 (15.64) 54 (16.36) 0.05 0.815

Bilirubinaemia (n) 19 (7.82) 22 (6.67) 0.28 0.597

Abnormal renal function (n) 108 (44.44) 99 (30.00) 12.65 <0.001

Anaemia (n) 70 (27.24) 97 (25.06) 0.38 0.538

WBC anomalies (n) 147 (49.66) 179 (45.32) 1.28 0.257

Note: There are some data missing in this part of indicators, ”n” is actually less than
435. Because it is not a key outcome indicator, this part of observation indicators is
not deleted. Abbreviation: WBC, white blood cells.

These outcomes are in line with Enhanced Recovery Af-
ter Surgery (ERAS) protocols and promote fast recovery in
patients undergoing VATS.
In addition, this study showed that postoperative exercise
VAS scores were lower in patients who received sugam-
madex, suggesting that the addition of sugammadex was
more likely to reduce postoperative pain in lung cancer pa-
tients treated with VATS. It is hypothesized that the reason
for this may be that rapid postoperative extubation reduces
the discomfort or pain level in the patient’s throat [31].
However, there were some cases of missing postoperative
biochemical test results among the included patients in this
study. Given that biochemical indexes were not the main
outcome measures in this study, patients with missing bio-
chemical data were not excluded. Consequently, the poten-
tial of sugammadex to mitigate the incidence of postoper-
ative renal impairment in lung cancer patients undergoing
VATS needs to be further explored in subsequent studies.
Limitations
The limitations of this study are those associated with retro-
spective cohort studies and information bias due to uneven
data collection. The significant reduction in pulmonary
complications associated with sugammadex may be due to
temporal factors. Although the 2-year study period did not
include any other significant changes in clinical protocols
for pulmonary care, natural improvements in clinical prac-

tice may be partly responsible for the reduction in compli-
cations. Additionally, the absence of stringent standardiza-
tion in intraoperative ventilation parameters and anesthetic
drug doses in both groups introduces a potential source of
bias.

Conclusions
Sugammadex may reduce postoperative pulmonary com-
plications in patients with lung cancer undergoing VATS,
thereby facilitating rapid postoperative recovery and con-
ferring significant overall benefits. However, more clini-
cal trials are needed to verify whether sugammadex can be
widely used and implemented in clinical practice.

Availability of Data and Materials
The data used and analyzed during the current study were
available from the corresponding author on reasonable re-
quest.

Author Contributions
THS and LBG designed the research study. THS, LXX,
YYD and LQ performed the research. THS, XLG and RG
analyzed the data. THS wrote the original draft. All au-
thors revised the manuscript critically for important intel-
lectual content. All authors read and approved the final



970 Ann. Ital. Chir., 95, 5, 2024

Lianbing Gu, et al.

manuscript. All authors have participated sufficiently in
the work and agreed to be accountable for all aspects of the
work.

Ethics Approval and Consent to Participate
The study was approved by the Medical Ethics Commit-
tee of Jiangsu Cancer Hospital (2021-003) and due to its
retrospective nature, informed consent was waived by the
Medical Ethics Committee. All procedures performed in
this study involving human participants were in accordance
with the Declaration of Helsinki (as revised in 2013).

Acknowledgment
Not applicable.

Funding
This work was supported by the Research Project of Jiangsu
Cancer Hospital (No. ZL202113).

Conflict of Interest
The authors declare no conflict of interest.

References
[1] Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent
J, Jemal A. Global cancer statistics, 2012. CA: a Cancer
Journal for Clinicians. 2015; 65: 87–108.
[2] Gopaldas RR, Bakaeen FG, Dao TK, Walsh GL,
Swisher SG, Chu D. Video-assisted thoracoscopic versus
open thoracotomy lobectomy in a cohort of 13,619 patients.
The Annals of Thoracic Surgery. 2010; 89: 1563–1570.
[3] Boffa DJ, Dhamija A, Kosinski AS, Kim AW, Detter-
beck FC, Mitchell JD, et al. Fewer complications result
from a video-assisted approach to anatomic resection of
clinical stage I lung cancer. The Journal of Thoracic and
Cardiovascular Surgery. 2014; 148: 637–643.
[4] Gonzalez-RivasD, Fieira E,Mendez L, Garcia J. Single-
port video-assisted thoracoscopic anatomic segmentectomy
and right upper lobectomy. European Journal of Cardio-
thoracic Surgery: Official Journal of the European Associ-
ation for Cardio-thoracic Surgery. 2012; 42: e169–e171.
[5] Madsen MV, Gätke MR, Springborg HH, Rosenberg J,
Lund J, Istre O. Optimising abdominal space with deep neu-
romuscular blockade in gynaecologic laparoscopy–a ran-
domised, blinded crossover study. Acta Anaesthesiologica
Scandinavica. 2015; 59: 441–447.
[6] Van Wijk RM, Watts RW, Ledowski T, Trochsler M,
Moran JL, Arenas GWN. Deep neuromuscular block re-
duces intra-abdominal pressure requirements during laparo-
scopic cholecystectomy: a prospective observational study.
Acta Anaesthesiologica Scandinavica. 2015; 59: 434–440.
[7] Thilen SR,WeigelWA, ToddMM, Dutton RP, Lien CA,
Grant SA, et al. 2023 American Society of Anesthesiolo-
gists Practice Guidelines for Monitoring and Antagonism
of Neuromuscular Blockade: A Report by the American

Society of Anesthesiologists Task Force on Neuromuscu-
lar Blockade. Anesthesiology. 2023; 138: 13–41.
[8] CammuG. Residual Neuromuscular Blockade and Post-
operative Pulmonary Complications: What Does the Re-
cent Evidence Demonstrate? Current Anesthesiology Re-
ports. 2020; 10: 131–136.
[9] Fernandez-Bustamante A, Frendl G, Sprung J, Kor DJ,
Subramaniam B, Martinez Ruiz R, et al. Postoperative
Pulmonary Complications, Early Mortality, and Hospital
Stay Following Noncardiothoracic Surgery: A Multicenter
Study by the Perioperative ResearchNetwork Investigators.
JAMA Surgery. 2017; 152: 157–166.
[10] Srivastava A, Hunter JM. Reversal of neuromuscular
block. British Journal of Anaesthesia. 2009; 103: 115–129.
[11] Stephens N, Rice D, Correa A, Hoffstetter W, Mehran
R, Roth J, et al. Thoracoscopic lobectomy is associated
with improved short-term and equivalent oncological out-
comes compared with open lobectomy for clinical Stage I
non-small-cell lung cancer: a propensity-matched analysis
of 963 cases. European Journal of Cardio-thoracic Surgery:
Official Journal of the European Association for Cardio-
thoracic Surgery. 2014; 46: 607–613.
[12] Villamizar NR, Darrabie MD, Burfeind WR, Petersen
RP, Onaitis MW, Toloza E, et al. Thoracoscopic lobectomy
is associated with lower morbidity compared with thoraco-
tomy. The Journal of Thoracic and Cardiovascular Surgery.
2009; 138: 419–425.
[13] Martinez-Ubieto J, Ortega-Lucea S, Pascual-Bellosta
A, Arazo-Iglesias I, Gil-Bona J, Jimenez-Bernardó T, et
al. Prospective study of residual neuromuscular block and
postoperative respiratory complications in patients reversed
with neostigmine versus sugammadex. Minerva Anestesi-
ologica. 2016; 82: 735–742.
[14] Ünal DY, Baran İ, Mutlu M, Ural G, Akkaya T, Özlü
O. Comparison of Sugammadex versus Neostigmine Costs
and Respiratory Complications in Patients with Obstructive
Sleep Apnoea. Turkish Journal of Anaesthesiology and Re-
animation. 2015; 43: 387–395.
[15] Agency EM. Bridion (sugammadex): EPAR summary
for the public. 2008. Available at: https://www.ema.eur
opa.eu/en/medicines/human/EPAR/bridion (Accessed: 26
September 2008).
[16] Keating GM. Sugammadex: A Review of Neuromus-
cular Blockade Reversal. Drugs. 2016; 76: 1041–1052.
[17] NaguibM. Sugammadex: another milestone in clinical
neuromuscular pharmacology. Anesthesia and Analgesia.
2007; 104: 575–581.
[18] Jammer I, Wickboldt N, Sander M, Smith A, Schultz
MJ, Pelosi P, et al. Standards for definitions and use
of outcome measures for clinical effectiveness research in
perioperative medicine: European Perioperative Clinical
Outcome (EPCO) definitions: a statement from the ESA-
ESICM joint taskforce on perioperative outcome measures.
European Journal of Anaesthesiology. 2015; 32: 88–105.
[19] Li G, Freundlich RE, Gupta RK, Hayhurst CJ, Le CH,



971 Ann. Ital. Chir., 95, 5, 2024

Lianbing Gu, et al.

Martin BJ, et al. Postoperative Pulmonary Complications’
Associationwith Sugammadex versus Neostigmine: ARet-
rospective Registry Analysis. Anesthesiology. 2021; 134:
862–873.
[20] Elhassan A, Elhassan I, Elhassan A, Sekar KD, Ru-
bin RE, Urman RD, et al. Essential Elements for Enhanced
Recovery After Intra-abdominal Surgery. Current Pain and
Headache Reports. 2019; 23: 21.
[21] Ding X, Zhu X, Zhao C, Chen D, Wang Y, Liang
H, et al. Use of sugammadex is associated with reduced
incidence and severity of postoperative nausea and vomit-
ing in adult patients with obesity undergoing laparoscopic
bariatric surgery: a post-hoc analysis. BMC Anesthesiol-
ogy. 2023; 23: 163.
[22] Kirmeier E, Eriksson LI, Lewald H, Jonsson Fager-
lund M, Hoeft A, Hollmann M, et al. Post-anaesthesia pul-
monary complications after use ofmuscle relaxants (POPU-
LAR): a multicentre, prospective observational study. The
Lancet. Respiratory Medicine. 2019; 7: 129–140.
[23] Ledowski T, Falke L, Johnston F, Gillies E, Green-
away M, De Mel A, et al. Retrospective investigation of
postoperative outcome after reversal of residual neuromus-
cular blockade: sugammadex, neostigmine or no reversal.
European Journal of Anaesthesiology. 2014; 31: 423–429.
[24] Lee DK, Kang SW, Kim HK, Kim HS, Kim H. Ef-
fect of sugammadex on chest radiographic abnormality in
the early postoperative period after video-assisted thoraco-
scopic lobectomy. Turkish Journal of Medical Sciences.
2020; 50: 1236–1246.
[25] Agostini PJ, Lugg ST, Adams K, Smith T, Kalkat MS,
Rajesh PB, et al. Risk factors and short-term outcomes of
postoperative pulmonary complications after VATS lobec-
tomy. Journal of Cardiothoracic Surgery. 2018; 13: 28.
[26] Sengupta S. Post-operative pulmonary complications
after thoracotomy. Indian Journal of Anaesthesia. 2015;
59: 618–626.
[27] Togioka BM, Yanez D, Aziz MF, Higgins JR, Tekkali
P, Treggiari MM. Randomised controlled trial of sugam-
madex or neostigmine for reversal of neuromuscular block
on the incidence of pulmonary complications in older adults
undergoing prolonged surgery. British Journal of Anaes-
thesia. 2020; 124: 553–561.
[28] Fuchs-Buder T, Meistelman C, Raft J. Sugammadex:
clinical development and practical use. Korean Journal of
Anesthesiology. 2013; 65: 495–500.
[29] Lemmens HJ, El-Orbany MI, Berry J, Morte JB, Jr,
Martin G. Reversal of profound vecuronium-induced neu-
romuscular block under sevoflurane anesthesia: sugam-
madex versus neostigmine. BMC Anesthesiology. 2010;
10: 15.
[30] Whitson BA, Andrade RS, Boettcher A, Bardales R,
Kratzke RA, Dahlberg PS, et al. Video-assisted thoraco-
scopic surgery is more favorable than thoracotomy for re-
section of clinical stage I non-small cell lung cancer. The
Annals of Thoracic Surgery. 2007; 83: 1965–1970.

[31] Castro DS, Jr, Leão P, Borges S, Gomes L, Pacheco
M, Figueiredo P. Sugammadex reduces postoperative pain
after laparoscopic bariatric surgery: a randomized trial.
Surgical Laparoscopy, Endoscopy & Percutaneous Tech-
niques. 2014; 24: 420–423.

© 2024 The Author(s). This is an open access
article under the CC BY 4.0 license.
Publisher’s Note: Annali Italiani di Chirurgia stays neu-
tral with regard to jurisdictional claims in published maps
and institutional affiliations.

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	Introduction
	Materials and Methods
	Study Design and Study Population
	Treatment
	Data Collection
	Statistical Analysis

	Results
	Baseline Information
	Primary Observation Indicators
	Secondary Observation Indicators
	Surgery-Related Indicators

	Nausea and Vomiting, Pain and Lung Infection Score
	Complications
	Biochemical Indexes

	Discussion
	Conclusions
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest
	References

