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Abstract

Background Thoracic surgery is a high-risk surgery especially for the risk of postoperative pulmonary complications.
Postoperative residual paralysis has been shown to be a risk factor for pulmonary complications. Nevertheless, there
are few data in the literature concerning the use of neuromuscular blocking agent antagonists in patients undergoing
lung surgery.

Methods Seventy patients were randomized in three Italian centers to receive sugammadex or neostigmine

at the end of thoracic surgery according to the depth of the residual neuromuscular block. The primary outcome

was the time from reversal administration to a train-of-four ratio (TOFR) of 0.9. Secondary outcomes were the time

to TOFR of 1.0, to extubation, to postanesthesia unit (PACU) discharge, postoperative complications until 30 days

after surgery, and length of hospital stay.

Results Median time to recovery to a TOFR of 0.9 was significantly shorter in the sugammadex group compared

to the neostigmine one (88 vs. 278 s — P<0.001). The percentage of patients who recovered to a TOFR of 0.9

within 5 min from reversal administration was 94.4% and 58.8% in the sugammadex and neostigmine groups, respec-
tively (P<0.001). The time to extubation, but not the PACU stay time, was significantly shorter in the sugammadex
group. No differences were found between the study groups as regards postoperative complications and length

of hospital stay. The superiority of sugammadex in shortening the recovery time was confirmed for both deep/mod-
erate and shallow/minimal neuromuscular block.

Conclusions Among patients undergoing thoracic surgery, sugammadex ensures a faster recovery from the neuro-
muscular block and earlier extubation compared to neostigmine.
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Background

Major surgery is known to increase the risk associated
with postoperative morbidity and mortality [1]. Risk
factors for postoperative complications include the
complexity and duration of the procedure, the patient’s
underlying condition as well as failure to antagonize
neuromuscular blocking drugs at the end of surgery [1,
2].

Thoracic surgery is considered a complex procedure
with a high risk of postoperative pulmonary complica-
tions, which have an incidence of 14.5-40% [3—-6].

Although thoracic surgery is an important risk fac-
tor for the occurrence of postoperative pulmonary
complications, there is limited literature on the use of
neuromuscular blocking agent (NMBA) reversals and
the incidence of postoperative complications related
to postoperative residual curarization (PORC). A study
on PORC in patients transferred to the recovery room
after surgery found that those who underwent thoracic
surgery were more likely to experience critical respira-
tory events [7]. These data underscore the need for
optimal anesthesiologic management of such patients,
which also involves the proper and improved manage-
ment of neuromuscular blockade at the end of surgery.

Neuromuscular blockade is crucial in thoracic anes-
thesia to aid endobronchial intubation and prevent
coughing and diaphragmatic movements during sur-
gery. The diaphragm muscle exhibits greater resist-
ance to neuromuscular blockers and recovers earlier
than the thumb adductor muscle, which is routinely
monitored during general anesthesia [8]. A more rapid
recovery of the first twitch of four during train-of-four
(TOF) stimulation has also been reported during one-
lung ventilation (OLV) compared with patients on two-
lung ventilation with the consequence that it may be
necessary to increase the total dosage of muscle relax-
ant during OLV [9].

To reduce the prolonged recovery period from neu-
romuscular blockade, a rapid and complete reversal at
the end of surgery may be essential. Several studies in
different settings have shown that recovery from rocu-
ronium-induced neuromuscular blockade is signifi-
cantly faster after administration of sugammadex than
neostigmine, both when administered at moderate and
deep blockade levels [10-12].

The aim of this study was to compare the rapidity
of action of sugammadex and neostigmine in antago-
nizing rocuronium-induced neuromuscular blockade
at the end of thoracic surgery. The study also aims to
explore whether sugammadex, compared to neostig-
mine, may be associated with fewer side effects during
recovery and fewer postoperative complications up to
30 days following surgery.
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Methods

This multicenter, randomized, double-blind, parallel group
study enrolled patients scheduled for the following elec-
tive pulmonary resection: wedge, lobectomy, bilobectomy,
pneumonectomy, bullectomy, or pleurodesis. Inclusion cri-
teria aimed to select ASA I-II, cooperative adult patients
(18-70 years old) with a body mass index (BMI) between
18 and 30 kg/m> Exclusion criteria were as follows: preg-
nancy, scheduling for esophagectomy, thoracectomy, vas-
cular resection, chronic obstructive pulmonary disease
(COPD) gold classes I1le-1V, respiratory infection, asthma,
preoperative forced expiratory volume in 1 s (FEV1) <60%
of predicted, forced expiratory volume in 1 s/forced vital
capacity ratio (FEV1/FVC)<70%, preoperative diffusion
lung capacity for carbon monoxide/alveolar volume ratio
(DLCO/VA) <60% of predicted, preoperative oxygen satu-
ration (SpO,) <92% or partial pressure of oxygen in arterial
blood/fraction of inspired oxygen (PaO,/FiO,) ratio <300,
cardiovascular disease with metabolic equivalent of tasks
(METS) score less than 4, neuromuscular disorder and kid-
ney failure defined as estimated glomerular filtration rate
(eGFR) <30 ml/min/1.73 m? core temperature <35 °C, or
palm temperature <32 °C at end of operation.

The study was approved by the Independent Ethics
Committee of the Fondazione IRCCS Istituto Nazionale
dei Tumori of Milan (Italy) and by the Italian Medicines
Agency (AIFA). It was also registered, prior to patient
enrollment, at ClinicalTrials.gov (NCT02256280). All
patients were recruited by the study staff and signed the
written informed consent in three Italian thoracic centers.

Protocol and measurements

Anesthesia management followed a standardized protocol
reported in the Additional file. Neuromuscular monitor-
ing was performed using TOF-Watch SX accelerometer
system (Organon Teknika BV, Boxtel, Holland) with data
recording on a personal computer using TOF-Watch SX
Monitor software. The calibration procedure of the TOF-
Watch SX Monitor was performed according to a standard
protocol reported in the Additional file.

The anesthesiologist was free to adjust the dose of rocu-
ronium for induction of muscle paralysis at induction of
anesthesia and during surgery. At the end of the surgery,
patients were randomly assigned to two groups, and the
reversal of neuromuscular blockade was managed before
extubation as follows:

Sugammadex group

A If post-tetanic count (PTC)=1-15 sugammadex
4 mg/kg was administered.
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B. If at least one twitch at the train-of-four stimulation
sugammadex 2 mg/kg was given.

Neostigmine group

A.If PTC=1-15: Neostigmine 0.07 mg/kg together
with atropine 0.02 mg/kg were administered.

B. If at least one twitch at the train-of-four (TOF) stim-
ulation: Neostigmine 0.05 mg/kg together with atro-
pine 0.02 mg/kg were given.

The choice not to establish a fixed residual block level
to be reached before administering reversal (i.e., deep,
moderate or shallow block) was made with the intention
of proposing a pragmatic study protocol and as close as
possible to actual clinical practice. The patient’s recovery
from anesthesia until the tracheal extubation was initi-
ated upon reaching a TOF ratio (TOFR) of 0.9 and con-
tinuing neuromuscular monitoring until the appearance
of the patient’s spontaneous movements compromised
accurate measurements.

Achieving a TOFR of 0.9 and 1.0 was defined by record-
ing three consecutive values>to 0.9 and/or 1.0, respec-
tively. The possible detection of TOFR values less than 0.8
(3 consecutive measurements) after reaching a value of at
least 0.9 was considered an indication of re-curarization.

Outcomes

The primary outcome was the time from reversal admin-
istration to at least 3 TOFR values=or>0.9. Secondary
outcomes were as follows: time from reversal admin-
istration to at least 3 TOFR values=or> 1.0, time from
reversal administration to tracheal extubation, muscular
weakness incidence after extubation (measured by the
tongue depressor test and swallow ability), hypoxemia or
hypercapnia incidence, adverse events and postoperative
complications incidence, length of hospital stay, and inci-
dence of medical and surgical complications at 30 days
after surgery. Definitions adopted for complications are
listed in the Additional file.

Each patient was evaluated by an investigator blinded
to the randomization arm during PACU stay, 2 h after
discharge to the ward and on postoperative days 1, 2, 3,
4, and 5 and the day of discharge. A final visit was per-
formed by anesthesiologists the day of discharge in order
to summarize the clinical course of the patients. Follow-
up at 30 days after the intervention was performed by tel-
ephone by the investigators.

Complications were coded in a standardized way
using MedDRA terminology (Medical Dictionary for
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Regulatory Activities — http://www.meddra.org) indi-
cating codes related to HLT (high-level Term) and PT
(preferred term) hierarchical levels. At discharge and at
the 30-day follow-up call, patients were also classified
according to the Clavien-Dindo classification of surgi-
cal complications [13].

Sample size

We planned to enroll 127 patients per group to detect
a difference between the two reversal drugs of 5 min
in achieving a TOFR =0.9 [14], to achieve 90% power
with a type I error of 0.05, employing a two-tailed t
test for two samples with different standard deviation.
Considering a drop-out rate of 5%, we planned to enroll
12 more patients for a total of 266 patients (133 per
group).

Of 11 centers involved in the study, 8 did not actively
participate in recruitment due to organizational or for-
mal problems with regard to taking out supplementary
insurance (even if guaranteed by the study sponsor).
Thus, only three centers conducted the study, which
was prematurely terminated in 2020 by the scien-
tific committee because it was deemed very difficult
to reach the established sample size due to the overall
slow recruitment rate and the onset of the COVID-19
pandemic, as was the case for many studies worldwide
[15]. At the data analysis stage, although unusual, two
post hoc analyses were performed to calculate the con-
ditional power and power of the study in relation to the
number of patients recruited. These analyses showed
that a statistically significant difference in the primary
endpoint would have been highly unlikely if enrollment
had continued to 266 cases. The details of these analy-
ses are given in the Additional file.

Patients were randomly assigned to receive sugam-
madex or neostigmine according to a computer-gener-
ated randomization list with a fixed block size of 20 and
a ratio of 1:1 generated by the study statistician using
SAS software (version 9.22 — SAS Institute Inc.; Cary,
NC, USA). Each center received a blocked randomiza-
tion list every 20 recruited subjects. Allocation con-
cealment was based on sequentially numerated opaque
sealed envelopes. At the end of surgery, an anesthesiol-
ogist, not involved in the patient’s management, opened
the sequentially numbered envelope containing the
randomization assignment and prepared the reversal
drug dose according to the protocol in a 20-ml syringe.
During the surgical procedure, the anesthesiologist was
given a syringe without knowledge of its contents and
had to administer it within a 5-s time frame, followed
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by a rapid bolus of 10 ml of saline. The treatment was
blinded to patients, anesthesiologists, and surgeons
throughout the procedure and postoperative outcome
assessment.

Statistical analysis
Continuous variable distribution was verified with the
Shapiro—Wilk test and reported as median [interquar-
tile range — IQR]. Comparison between groups was
performed using the Mann—-Whitney U-test or Stu-
dent’s ¢-test. Discrete variables are reported as numbers
and percentages. Fisher’s exact test was used for the
comparison of categorical variables. A sensitivity analy-
sis was performed based on the depth of the neuromus-
cular blockade before the administration of the reversal
agent: deep/moderate block (PTC >0 or the measure-
ment of maximum 3 twitches at the TOF stimulation)
and shallow/minimal block (at least 4 twitches at the
TOF stimulation or a TOFR <0.9). A further analy-
sis was performed dividing the patients in subgroups
based on the anesthesia (inhaled vs. total intravenous)
and surgical technique (open thoracotomy vs. video-
assisted technique).

A P-value less than 0.05 was considered as statisti-
cally significant. All analyses were performed with SPSS

Page 4 of 11

19 (IBM, Armonk, NY, USA). Figures were drawn with
GraphPad Prism 6.0 (GraphPad Software, Boston, MA,
USA). The trial was conducted in accordance with the
original protocol. The manuscript was edited according
to the CONSORT statement recommendations [16].

Results

Eighty-seven patients were enrolled in the study between
January 2015 and November 2019. Seventeen out of 87
patients were not randomized because of malfunctioning
of the TOF-Watch SX Monitor (4 cases) and for clinical
reasons (TOFR equal or more than 0.9 or hypothermia —
Fig. 1). Overall, 70 patients, 34 in the neostigmine group
and 36 in the sugammadex group, were randomized
and included in the analysis. Baseline characteristics
and intraoperative data of both groups are reported in
Tables 1 and 2.

The time from administration of reversal agents to
recovery of TOFR to 0.7, 0.8, 0.9, and 1.0 was signifi-
cantly faster in the sugammadex group (Table 3 and
Fig. 2). Similarly, the time from reversal administra-
tion to extubation was faster in the sugammadex group
(Table 3 and Fig. 2).

No difference was found between the two groups as
regards the tongue depressor test and the swallowing

[ Enrollment ]

Enrolled (n=87)

Excluded (n=17)
+ Malfunctioning of the neuromuscular
9 monitoring system (n= 4)

+ Hypothermia or TOFR>0.9 at the end
of surgery (n=13)

Randomized (n=70)

A

)

Allocation ] y

Allocated to Neostigmine group (n= 34)

+ Received allocated intervention (n= 34)

+ Did not receive allocated intervention (major
protocol violation) (n= 0)

Allocated to Sugammadex group (n= 36)

+ Received allocated intervention (n= 36)

+ Did not receive allocated intervention (major
protocol violation) (n= 0)

[ Analysis | l

Analysed (n= 34)

Fig. 1 CONSORT flow chart

J
Analysed (n= 36)
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Table 1 Baseline patients’ characteristics

Neostigmine
group (n=34)

Sugammadex
group (n=36)

Age (years) 53 (48-62) 60 (56-64)
Gender (male) 7 (50.0%) 20 (55.6%)
Height (cm) 167 (164-179) 170 (163-177)
Weight (kg) 70 (61-81) 71 (64-79)
BMI (kgm’z) 25.0(22.5-27.6) 25.0 (22.4-26.3)
Active smokers 8 (23.5%) 7 (1 9.4%)

Past smokers (35 3%) (50 0%)
ASA classes |-l 2 (94 %) 5(97. 2%)
FEV, (% of predicted value) 97 (88-107) 99 (89-109)
FEV,/FVC (%) 80 (79— 86) 79 (73— 84)
DLCO (% of predicted value) 79 (74-82) 74 (64-83)
DLCO/VA (% of predicted value) 90 (82-98) 89 (77-95)
PaO, (mmHg) 80 (82-98) 89 (77-95)

Data expressed as median (IQR) or number (%). BMI Body mass

index, ASA American Society of Anesthesiologists, FEV, Forced expiratory volume
in the first second, FVC Forced vital capacity, DLCO Diffusion capacity of carbon
monoxide, VA Alveolar volume, PaO, Partial arterious pressure of oxygen

test (Table 4). No patient experienced severe desatu-
ration episode after extubation. During PACU stay,
pulse oximetry and respiratory rate were similar in the
two study groups (Table 4). Heart rate and mean arte-
rial pressure were higher in the sugammadex group

Table 2 Intraoperative data
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compared to the neostigmine group. Blood gas analy-
sis values were similar between the two groups before
the discharge from the PACU. Median arterial oxygen
partial pressure was 86 [76—137] mmHg and 95 [77-
131] mmHg in neostigmine and sugammadex group,
respectively (P=0.773). Similarly, median arterial car-
bon dioxide partial pressure was 43 [40-47] mmHg
and 43 [39-49] mmHg in neostigmine and sugamma-
dex group, respectively (P=0.600). No serious adverse
events associated with sugammadex or neostigmine/
atropine administration were observed in either study
group.

Postoperative outcomes data were not different
between neostigmine and sugammadex group and
are reported in Table 4. In both groups, no patient was
admitted to the ICU at the end of surgery, either after
extubation or in the postoperative period. No deaths
occurred during the intrahospital period and at 30 days
after surgery.

Sensitivity analysis

Among patients with a deep or moderate residual neu-
romuscular blockade at the end of surgery (36 cases),
the TOFR recovery to 0.9 and the time to extubation
were significantly faster in the sugammadex group than
the neostigmine group (Table 5 and Fig. 3). Similar

Neostigmine group (n=34) Sugammadex

group (n=36)

Type of anesthesia

Total intravenous anesthesia
Balanced inhaled anesthesia
Rocuronium dose at induction (mg)
Number of additional doses of rocuronium administered
Additional dosage of rocuronium administered (mg)
Total rocuronium dose (mg)
Neostigmine dose (mg)
Neostigmine dose (mg/kg)
Atropine dose (mg/kg)
Sugammadex dose (mg)
Sugammadex dose (mg/kg)

Length of anesthesia (min)

Length of surgery (min)

Surgical technique

Thoracotomy

Video-assisted thoracoscopy

Side of surgery (right)

Type of surgery

Major resection

Minor resection

27 (79.4%) 30 (83.3%)

7 (20.6%) 6 (16.7%)

50 (40-50) 50 (40-50)

3(2-4) 4(2-5)

22 (20-40) 35 (20-60)

70 (60-90) 76 (60-115)

3.5(3.0-4.0) -

0.05 (0.048-0.05) -

0.02 (0.019-0.021) -

- 150 (140-180)

- 2.02(2.00-2.11)

196 (147-227) 192 (142-240)

122 (76-154) 108 (80-146)
3(38.2%) 13 (36.1%)

21 (61.7%) 23 (63.9%)

19 (55.9%) 23 (63.9%)
2(33.3%) 19 (52.8%)

22 (66.7%) 17 (47.2%)

Data expressed as median (IQR) or number (%)



Piccioni et al. J Anesth Analg Crit Care (2024) 4:9 Page 6 of 11
Table 3 Time from administration of reversal agents to recovery of TOFR to 0.7, 0.8, 0.9, and 1.0
Neostigmine group Sugammadex group p-value
(n=34) (n=36)
Primary endpoint
Recovery of TOFR to 0.9
Number of patients 34 (100%) 36 (100%)
Median [IQR], s 278 [180-532] 88 [46-145] <0.001
Secondary endpoints
Recovery of TOFR to 0.7
Number of patients 30 (88.2%) 29 (80.6%)
Median [IQR], s 149 [102-304] 55[33-76] <0.001
Recovery of TOFR to 0.8
Number of patients 30 (88.2%) 27 (75.0%)
Median [IQR], s 195 [119-380] 80 [44-109] <0.001
Recovery of TOFR to 1.0
Number of patients 18 (52.9%) 31 (86.1%)
Median [IQR], s 358 [220-514] 121 [81-192] <0.001
Recovery of TOFR to 0.9 within 5 min from reversal administration 20 (58.8%) 34 (94.4%) <0.001
Recovery of TOFR to 0.9 within 10 min from reversal administration 28 (76.5%) 36 (100%) 0.002
Recovery of TOFR to 1.0 within 10 min from reversal administration 20 (64.5%) 36 (100%) <0.001
Time to extubation
Median [IQR], min 173 [11-34] 11.7 [8-15] 0.011
Time to discharge to the ward
Median [IQR], min 91 [64109] 94 [77-110] 0.572
Data expressed as median [IQR] or number (%)
data were found among patients with a shallow/mini- Discussion

mal block (34 subjects). No difference between the two
study groups was found as regard the time from reversal
administration to the discharge from the PACU in both
moderate/deep and shallow/minimal residual block
subgroups.

Among patients managed with inhaled anesthetics,
the recovery of TOER to 0.9 was faster in the sugam-
madex group (135 [95-135] s vs. 292 [184-2160] s
— P=0.014). Similarly, a difference between the two
groups was found in patients managed with total intra-
venous anesthesia (80 [40-119] s vs. 246 [180-527] s
in sugammadex and neostigmine group, respectively
— P<0.001).

In patients who underwent open thoracotomy surgery,
the median time for TOFR recovery to 0.9 was shorter in
the sugammadex group than in the neostigmine group
(81 [42-129] s vs. 240 [150-348] — P=0.003). The same
difference was found in patients who underwent surgery
with video-assisted technique (median time 95 [54—170]
s vs. 387 [180-598] s in sugammadex and neostigmine
group, respectively — P<0.001).

This multicenter double-blind randomized clinical trial
shows that the use of sugammadex shortens the time
from reversal agent administration to a TOFR of 0.9
compared to the use of neostigmine. This superiority of
sugammadex in terms of efficacy also results in faster
extubation times but not in earlier discharge from the
operating theater.

The importance of adequate recovery from neuromus-
cular blockade at the end of anesthesia is related to the
need to avoid postoperative residual paralysis by reduc-
ing the risk of potentially serious or fatal postoperative
respiratory complications [17]. Such recovery can take
a long time, so decurization at the end of the procedure
is the solution to reduce this waiting period. The greater
efficacy of sugammadex compared with neostigmine has
been demonstrated in several surgical settings and by the
results of two meta-analyses by the Cochrane Collabora-
tion [18, 19]. Limited data exist on patients who undergo
thoracic surgery. Our findings contribute to the results
of recent studies and are consistent with them. In 2019,
Citil et al. published a randomized controlled trial (RCT)



Piccioni et al. J Anesth Analg Crit Care

(2024) 4:9

o

o

A

14

L

O

-

@©

2

3 50

§ 40- —— Neostigmine
2 304 —— Sugammadex
Q2 i

= 20

S 104

OO 0 1 T Ll T Ll T Il_og-ralr|k F’<(I)(xn1 1
= 0 5 10 15 20 25 30 35 40 45 50

Time (min)

100+

—— Neostigmine

—— Sugammadex

% of patients extubated
(4]
o
1

Log-rank P<0.0397
0 5 10 15 20 25 30 35 40 45 50 55 60

Time (min)

1007 —— Neostigmine
90+
80-
70-
60+
50-
40-
30+
204
104

—— Sugammadex

0 Log-rank P<0.8157
0 15 30 45 60 75 90 105120135150
Time (min)

% of patients ready for discharge to the ward

Fig. 2 Percentage of patients achieving a train-of-four ratio of 0.9 (A),
extubated (B), and discharged from the PACU (C) over time in the two
study groups (sugammadex — red line, neostigmine — blue line)

Page 7 of 11

on 60 patients undergoing VATS surgery that compared
the efficacy of sugammadex and neostigmine [20]. The
authors did not report the level of the neuromuscular
block at which the reversal agents were administered,
but after a maintenance of a deep block during surgery
(post-tetanic count between 1 and 2), the mean recov-
ery time in the sugammadex group was shorter than in
the neostigmine group (6.1 vs. 22 min, respectively). In
2020, another RCT conducted on 92 patients undergo-
ing VATS surgery reported, as secondary endpoint, a
shorter time from the second twitch at the TOF stimu-
lation to a TOFR of 0.9 in patients treated with sugam-
madex (median time: 10 min) than patients treated with
neostigmine (median time: 40 min) [21]. Finally, in 2022,
Yu et al. published a RCT on 100 patients who underwent
VATS lobectomy reporting again a faster mean recovery
time from the third twitch at TOF count to a TOFR of 0.9
of 164.5 s after administration of 2 mg/kg of sugamma-
dex and of 562.9 s after neostigmine [22]. In the present
study, this difference is evident for the recovery of TOFR
to 0.9 and even sharper for the attainment of 1.0. We
also found that the percentage of patients that reaches a
TOER of 0.9 within 5 and 10 min after reversal adminis-
tration is significantly higher among patients treated with
sugammadex than those who received neostigmine.

A more rapid recovery of neuromuscular function at
the end of surgery should shorten the time of tracheal
extubation. In the present study, the efficacy of sugam-
madex was superior to that of neostigmine by shorten-
ing extubation time by about 6 min. These findings are
consistent with previous studies conducted in thoracic
patients [20—24] but not resulting in faster discharge
of patients from the PACU to the ward. In the thoracic
setting, the PACU length of stay has been found to be
shorter using sugammadex compared to neostigmine or
pyridostigmine by some authors [22, 24] but not by oth-
ers [21, 25]. Thus, we believe that speeding up the recov-
ery time from residual neuromuscular blockade reduces
the time for tracheal extubation and, likely, the operat-
ing room occupation time but not the length of stay in
the PACU in the absence of a standardized discharge
pathways.

Literature not specifically focused on thoracic anesthe-
sia has shown that sugammadex is more effective than
neostigmine not only in reducing the recovery time from
residual neuromuscular blockade but also in reducing
the incidence of adverse events [19]. In the present study,
there were no differences in early or late adverse events
between the two study groups. More patients reported
altered swallowing capability after extubation in the
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Table 4 Postoperative outcomes

Neostigmine group (n=34) Sugammadex group (n=36) p-value
Positive tongue depressor test? 2 (5.9%) 5(13.9%) 0429
Positive swallowing test® 2 (5.9%) 4(11.1%) 0.674
Desaturation after extubation (SpO2 < 90%) 0 (0%) 5(13.9%) 0.054
PONV 2 (5.9%) 6 (16.7%) 0.261
Discharge to the ward with oxygen therapy 18 (52.9%) 22 (61.1%) 0.636
All respiratory complications 5(14.7%) 5(13.9%) 1.000
Acute respiratory insufficiency 1(2.9%) 0 (0%) 0.486
Pneumothorax after chest tube removal 0 (0%) 1(2.8%) 1.000
Pleural effusion 2 (5.9%) 3 (8.3%) 1.000
Atelectasis 1(2.9%) 0 (0%) 0.486
Pneumonia 0 (0%) 1(2.8%) 1.000
Chylothorax 1(2.9%) 0 (0%) 0.486
Atrial fibrillation 0 (0%) 2 (5.5%) 0493
Chest tube days 4[2-5] 3.5(3,4] 0.990
Length of hospital stay (days) 5[3.5-6] 4[4,5] 0431
Clavien-Dindo grade at discharge
Grade 1 32 (94.1%) 32 (88.9%)
Grade 2 2 (5.9%) 3(8.3%)
Grade 3 0 (0%) 1 (2.8%)
Clavien-Dindo grade at 30 days after surgery
Grade 1 31 (91.2%) 30 (83.3%)
Grade 2 3(8.8%) 1 (2.8%)
Grade 3 0 1(2.8%)
Data not reported 0 4(11.1%)

2 Defined by the ability (negative test) or not (positive test) to hold the tongue depressor between the teeth at the experimenter’s pull

°Defined by the subjective ability (negative test) or not (positive test) to swallow 5 ml of water

sugammadex group but without reaching a significant
difference. Similarly, we did not find difference between
the two groups as regard oxygenation after extubation,
at PACU discharge, and in the ward. PPCs rate was simi-
lar in the two groups and lower than reported by other
authors. In fact, we found a PPCs rate around 14% that
is significantly lower than recently reported by Yang et al.
in a meta-analysis that included seven studies [23]. The
authors found a significant difference PPCs rate in favor
of patients treated with sugammadex (pooled rate 33%)
over patients treated with anticholinesterase inhibitors
(pooled rate 47%). To notice, a recent Italian RCT that
enrolled 880 patients comparing two different one-lung
ventilation strategies reported an overall PPCs incidence
0f 29.6% [26]. We believe that the lower PPCs rate that we
find in our study could be in part related to the fact that
all patients were treated with full-dose reversal agents
and extubated only after reaching at least a TOFR of 0.9,
which did not always happen in the studies considered by
the meta-analysis [23].

The sensitivity analysis shows that the use of sugam-
madex results in faster recovery from all levels of resid-
ual neuromuscular blockade. In general, the literature
is poor on antagonism of superficial blockade. The pro-
tocols of the other studies in the thoracic setting also
involved antagonizing neuromuscular blockade from a
predefined level (e.g., from the second or third twitch at
the TOF stimulation [21, 22]), thus excluding studying
patients with very superficial blockade. In our study,
it emerges that the superiority of sugammadex over
neostigmine also occurs for shallow and minimal lev-
els of residual neuromuscular block. One would expect
most patients undergoing thoracic surgery to be man-
aged with a deep level of neuromuscular blockade to
avoid diaphragm contractions [8]. This should result in
most cases in the finding of a deep or at least moder-
ate residual neuromuscular block at the end of surgery.
Nevertheless, in our study, the residual blockade at the
end of surgery was shallow or minimal in about 50% of
patients. This suggests that anesthesiologists very often
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Table 5 Time from administration of reversal agents to recovery of TOFR to 0.7, 0.8, 0.9, and 1.0 in patients with a deep/moderate or

shallow/minimal block

Neostigmine group Sugammadex group p-value
(n=34) (n=36)
Deep/moderate block subgroup
Recovery of TOFR to 0.9
Number of patients 15 (100%) 21 (100%)
Median (IQR), s 420 (246-896) 115 (78-180) <0.001
Recovery of TOFR to 1.0
Number of patients 9 (88.2%) 16 (80.6%)
Median (IQR), s 472 (306-688) 151 (101-208) <0.001
Time to extubation
Median (IQR), min 23(17-43) 12 (7-15) 0.004
Time to discharge to the ward
Median (IQR), min 93 (85-109) 102 (76-123) 0.362
Recovery of TOFR to 0.9 within 5 min from reversal administration 5(33.3%) 19 (90.5%) 0.001
Recovery of TOFR to 0.9 within 10 min from reversal administration 10 (66.7%) 21 (100%) 0.008
Recovery of TOFR to 1.0 within 10 min from reversal administration 7 (53.8%) 21 (100%) 0.001
Shallow/minimal block subgroup
Recovery of TOFR to 0.9
Number of patients 19 (88.2%) 15 (75.0%)
Median (IQR), s 184 (121-300) 44 (35-80) <0.001
Recovery of TOFRto 1.0
Number of patients 9 (100%) 15 (100%)
Median (IQR), sec 229 (119-452) 86 (41-140) 0.003
Recovery of TOFR to 0.9 within 5 min from reversal administration 15 (78.9%) 15 (100%) 0.084
Recovery of TOFR to 0.9 within 10 min from reversal administration 16 (84.2%) 15 (100%) 0.162
Recovery of TOFR to 1.0 within 10 min from reversal administration 13 (72.2%) 15 (100%) 0.036
Time to extubation
Median (IQR), min 13.2 (86-20.6) 11.1(82-15) 0011
Time to discharge to the ward
Median (IQR), min 89 (62-119) 84 (75-101) 0.572

TOFR Train-of-four ratio

60- —— Neostigmine

—— Sugammadex

Log-rank P<0.0001
0 5 10 15 20 25 30 35 40 45 50
Time (min)

% of patients achieving a TOFR>0.9
(4]
S
1

—— Neostigmine

—— Sugammadex

Log-rank P<0.0001
T

% of patients achieving a TOFR>0.9
IS}
o
1

5 10 15 20 25 30 35 40 45 50

Time (min)

Fig. 3 Percentage of patients achieving a train-of-four ratio of 0.9 over time in the two study groups (sugammadex — red line, neostigmine —
blue line) according to the moderate/deep (A) or shallow/minimal (B) residual block subgroups
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do not deliberately aim to maintain deep block during
thoracic surgery but lean toward management based on
clinical need.

The present study is limited by having been prema-
turely terminated, and our findings must be interpreted
with caution. In particular, this applies to secondary out-
comes that could have provided significant information
in favor of either study group.

In conclusion, sugammadex enhances the recovery
of TOFR to 0.9 more than neostigmine also in patients
undergoing thoracic surgery. Sugammadex enables faster
recovery of TOFR regardless of the level of residual neu-
romuscular blockade.
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