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Background: Reversal of neuromuscular blockade (NMB) at the end of surgery is important
for reducing postoperative residual NMB; this is associated with an increased risk of postop-
erative pulmonary complications (PPCs). Moreover, PPCs are associated with poor prognosis
after video-assisted thoracoscopic surgery (VATS) for lobectomy. We compared the effects of
two reversal agents, sugammadex and neostigmine, on the incidence of PPCs and duration
of hospital stay in patients undergoing VATS lobectomy.

Methods: After VATS lobectomy was completed under neuromuscular monitoring, the
sugammadex group (n = 46) received sugammadex 2 mg/kg, while the neostigmine group
(n = 47) received neostigmine 0.05 mg/kg with atropine 0.02 mg/kg after at least the third
twitch in response to the train of four stimulation. The primary outcome was incidence of
PPCs. The secondary outcomes were duration of hospital stay and intensive care unit (ICU)
admission.

Results: There was no significant difference in the incidence of PPCs for both the sugamma-
dex and neostigmine groups (32.6% and 40.4%, respectively; risk difference = 0.08; 95%
confidence interval = [-0.12, 0.27]; P = 0.434). The lengths of hospital (P = 0.431) and ICU
(P =0.964) stays were not significantly different between the two groups.

Conclusions: The clinical use of sugammadex and neostigmine in NMB reversal for patients
undergoing VATS lobectomy was not significantly different in the incidence of PPCs and du-
ration of hospital and ICU stay.

Keywords: Enhanced recovery after surgery; Neostigmine; Neuromuscular blockade; Post-
operative complications; Sugammadex; Thoracic surgery, video-assisted.

INTRODUCTION (ERAS) in lung surgery is to optimize perioperative and in-

traoperative management to reduce postoperative compli-

The primary goal of enhanced recovery after surgery cations and decrease the length of hospital stay [1,2]. Par-
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ticularly, in the field of anesthesia management, neuro-
muscular blockade (NMB) and its reversal are important
because deep NMB is necessary during thoracoscopic lung
surgery to secure a good field of view and operating space
for the surgeon. Additionally, the choice of reversal agent
used to reverse NMB after surgery is important for proper
recovery by reducing postoperative residual NMB
(PRNMB) [1,3]; this is important for patient safety in the
early postoperative period because PRNMB increases the
incidence of adverse respiratory events, such as impaired
upper airway function, increased risk of aspiration, and re-
spiratory insufficiency [4-6].

As a cholinesterase inhibitor, neostigmine mainly inhib-
its acetylcholine breakdown, increases acetylcholine levels
in the neuromuscular junction, and enhances the ability of
acetylcholine to compete with non-depolarized muscle re-
laxants at the receptor [3,7]. However, in several studies on
the routine use of neostigmine, the incidence of PRNMB
on arrival to the post-anesthesia care unit did not change.
Furthermore, because it is not a direct neuromuscular
blocking agent antagonist, the reversal of NMB using
neostigmine is associated with an increased incidence of
postoperative atelectasis, desaturation, postoperative pul-
monary complications (PPCs), and longer hospital stay
[7,8]. In addition, PRNMB is associated with an increased
risk of PPCs [7-10].

In contrast, de Menezes et al. [11] reported that under
neuromuscular monitoring, sugammadex led to a com-
plete reversal of NMB after incomplete reversal by neostig-
mine. Similarly, sugammadex is a selective relaxant bind-
ing agent that rapidly reverses moderate or deep NMB. It is
a synthetically modified gamma-cyclodextrin with a hydro-
philic exterior and a hydrophobic core, specifically de-
signed to encapsulate steroidal neuromuscular blocking
agents [3,6,7]. Sugammadex reverses NMB more rapidly
and effectively than cholinesterase inhibitors, even at deep
block levels, by directly binding to steroidal neuromuscular
blocking agents without residual muscle relaxation [3,8].

Therefore, in the reversal of NMB at the end of surgery, it
is thought that sugammadex would contribute to reducing
PPCs by reducing PRNMB. However, few studies have as-
sessed the reversal of NMB in video-assisted thoracoscopic
(VATS) lobectomy. Thus, we hypothesized that sugamma-
dex would reduce PPCs and the length of hospital stay in
patients undergoing VATS lobectomy, compared with the
traditionally and widely used neostigmine.

www.anesth-pain-med.org

MATERIALS AND METHODS

The study was approved by the Institutional Review
Board (no. DAUHIRB-18-047) and was conducted between
April 2018 and May 2020. Informed written consent was
obtained from patients who were scheduled for elective
surgery before enrollment and who voluntarily agreed to
participate. One hundred and two patients were enrolled,
who underwent VATS lobectomy, had an American Society
of Anesthesiologists physical status of I-III, and were over
18 years old. Cases with open conversion during the opera-
tion were excluded. This randomized and double-blinded
prospective study was registered at the Korea Clinical Re-
search Information Service (no. KCT 0003891).

Using a computer-generated random number, 102 par-
ticipants were randomly allocated to the neostigmine
group (n = 51) or sugammadex group (n = 51) in parallel;
this was performed by the main researcher (1:1 assignment
ratio), who did not participate in anesthesia and was not
involved in data collection. Ten milliliters of study drug
solution was prepared in normal saline by the main re-
searcher, based on the patient’s body weight. The sugam-
madex group was administered sugammadex 2 mg/kg,
while the neostigmine group was administered neostig-
mine 0.05 mg/kg (maximum 5 mg) with atropine 0.02 mg/
kg. The study drug was labeled as reverse after being
shielded with a silver foil, and it was delivered to the anes-
thesia nurse.

All patients were administered 0.2 mg glycopyrrolate in-
tramuscularly and 20 mg famotidine intravenously as pre-
medication. Non-invasive blood pressure, electrocardiog-
raphy, pulse oximetry, bispectral index (BIS) (Aspect Med-
ical Systems, USA), and neuromuscular monitoring (TOFs-
can®, Driger, France) were performed when the patients
arrived at the operating room.

Anesthesia was induced by two blinded anesthesiolo-
gists, each of whom had experience with over 50 cases of
one-lung ventilation, using propofol 2 mg/kg and rocuro-
nium 0.6 mg/kg for NMB. We performed bag-mask ventila-
tion with 100% oxygen. After confirming muscle relaxation
(no reaction in response to the train of four [TOF] stimula-
tion), we performed endotracheal intubation using a dou-
ble lumen endobronchial tube (DLT) (Shiley™, Covidien,
USA). An arterial catheter and a central venous catheter
were inserted. Anesthesia was maintained with sevoflurane
1.5-2.5 vol% to maintain a BIS of 40-60; remifentanil infu-

sions (0.05-2 pg/kg/min) were administered for pain con-
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trol. To maintain a deep block, vecuronium (0.01 mg/kg)
was administered as required (first twitch of the TOF re-
sponse) [12]. Oxygen concentration in an air/oxygen mix-
ture was adjusted to 100% according to arterial blood gas
analysis (ABGA) results. During severe hypoxemia, contin-
uous positive airway pressure was applied to the non-de-
pendent lung [13]. The end-tidal CO, concentration was
maintained between 35 and 40 cmH,0, and the following
lung-protective ventilation strategies were implemented
[2,13]: low tidal volume (4-6 ml/ kg), positive end-expira-
tory pressure, and lung recruitment. Flexible fiber-optic
bronchoscopy (ED 3.1 mm, Olympus Optical, Japan) was
used at least twice to confirm correct placement of the DLT
immediately following intubation and repositioning.

The intra-cuff pressure was maintained between 10 and
20 cmH20 using a cuff pressure manometer (Cuff Pressure
Gauge, VBM Medizintechnik, Germany).

When one-lung ventilation was complete, administra-
tion of vecuronium was terminated, and a patient-con-
trolled analgesia device (GemStar™ Infusion System, Hos-
pira, Inc., USA) was connected to the intravenous line. It
contained fentanyl 30 pg/kg and ramosetron 0.6 mg in nor-
mal saline with a total volume of 100 ml, and it was deliv-
ered at 1 ml/h as a background infusion with a 1 ml bolus
dose (10 min lock-out time). To reduce opioid consump-
tion, 0.5% ropivacaine was infused at 5 ml/h through a pain
buster (Pain Relief System, Halyard Health, Inc., USA) in-
tercostally before the end of surgery [2].

At the end of surgery, the labeled NMB reversing agent
was administered at the reappearance of the third twitch in
response to the TOF stimulation. Tracheal and oral secre-
tions were gently suctioned once. After suction was ap-
plied, lung recruitment was performed. Neuromuscular
monitoring continued until the end of anesthesia, and the
DLT was removed when the recovering TOF ratios (TOFR)
reached 0.9, which is considered adequate recovery from
NMB [7].

Postoperative care included chest tube use, intensive
care unit (ICU) stay, intubation, and ventilation; postoper-
ative hospital stay was routinely implemented according to
VATS lobectomy guidelines at the department of thoracic
surgery. Intraoperative ABGA, operation time, and dura-
tion of anesthesia were recorded.

The primary outcome was the incidence of PPCs includ-
ing prolonged air leak, pneumonia and atelectasis, desatu-
ration, and reintubation as confirmed from progress and

discharge records. Prolonged air leakage was defined as an

62

air leak present on day 6 after surgery. Pneumonia and at-
electasis were diagnosed based on radiologic findings of
the postoperative chest radiograph. Desaturation was de-
fined as saturation levels less than 95% after removing the
oxygen mask. Reintubation was performed when respira-
tory failure occurred. Atrial fibrillation was diagnosed
based on electrocardiography findings, when the patient
complained of symptoms, such as dyspnea, palpitation,
and fatigue. Pulmonary thromboembolism was diagnosed
based on computed tomography and D-dimer test results.
The secondary outcomes were the length of hospital stay
and duration of ICU stay.

Statistical analyses

Based on the results of Cho et al. [3], in which the overall
incidence of PPCs was 54.8% in the control group and
26.3% in the experimental group, 46 subjects were needed
in each group to detect statistically significant differences (a
= 0.05, power = 0.80). Thus, 51 patients per group were
enrolled to compensate for potential dropouts (drop rate =
10%).

Data were presented as means * SD, number of patients
(%) or medians (1Q, 3Q). Categorical variables were ana-
lyzed using the chi-squared or Fisher’s exact test. Continu-
ous variables were analyzed using Student’s ¢-test. All re-
ported P values were two sided, and P values less than 0.05
were considered statistically significant. Data were ana-
lyzed using SPSS version 26 software (IBM Corp., USA).

RESULTS

Of the 102 patients, nine were excluded due to conver-
sion to open surgery (four in the neostigmine group and
five in the sugammadex group) (Fig. 1). Table 1 shows the
patient characteristics of both groups. There were no sig-
nificant differences between the two groups in factors that
could affect postoperative complications, such as smoking
history, body mass index, American Society of Anesthesiol-
ogists physical status classification , lobectomy site, or
medical history. Predictive postoperative forced expiratory
volume in 1 s was statistically significant (P = 0.016); how-
ever, there is no clinical significance to this, since the abso-
lute values were not low in either group.

In addition, there was no significant difference in anes-
thesia management during surgery in terms of the opera-

tion time, anesthetic time, ABGA results, and total vecuro-
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Agreed to participate (n = 102) |

Enrollment |
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Neostigmine (n = 51) |

Cases converted to
open surgery (n = 4)

A4

| Follow up (n =47) |

.

| Analysed (n = 47) |

Fig. 1. CONSORT flow-chart for the study patients.

Table 1. Patient Characteristics

Allocation

Follow-up |

Analysis

v

| Sugammadex (n = 51)

Cases converted to
open surgery (n = 5)

A4

Follow up (n = 46) |

.

| Analysed (n = 46) |

Variable Neostigmine (n = 47) Sugammadex (n = 46) P value
Age (yr) 65.5 + 8.6 63.8 £ 9.7 0.378
Sex (M/F) 25/22 30/16 0.238
Weight (kg) 62,7 £ 11.7 675+ 119 0.058
Height (cm) 160.9 + 8.4 162.6 £ 9.6 0.376
BMI (kg/m?) 241 + 33 255 + 3.6 0.060
ASA (1/2/3) 4/29/14 1/32/13 0.465
Smoking status (0/1/2) 26/17/4 22/21/3 0.690
Atrial fibrillation 0(0.0) 1(2.2) 0.495
COPD 1(2.1) 1(2.2) 1.000
CVA 4(8.5) 2(4.3) 0.677
Diabetes mellitus 9(19.1) 12 (26.1) 0.424
Hypertension 25 (53.2) 22 (47.8) 0.605
IHD 5 (10.6) 6 (13.0) 0.720
Lobectomy site (1/2/3/4/5/6) 15/4/12/9/6/1 16/3/8/11/7/1 0.778
PPOFEV1 (%) 774 £ 148 702 + 134 0.016

Values are presented as mean * SD, number only or number (%). BMI: body mass index, ASA: American Society of Anesthesiologists physical
status classification, Smoking status: O = none; 1 = former; 2 = current, COPD: chronic obstructive pulmonary disease, CVA: cerebrovascular
accident, IHD: ischemic heart disease, Lobectomy site: 1 = right upper lobe; 2 = right middle lobe; 3 = right lower lobe; 4 = left upper lobe; 5 =
left lower lobe; 6 = right middle lobe and right lower lobe, right upper lobe and right middle lobe, respectively, ppoFEV1: predictive postoperative

FEVL = FEV1 x (1 - seg/ 42).

nium usage during surgery between the neostigmine and
sugammadex groups (Table 2).

As shown in Table 3, the incidence of PPCs was not sig-
nificantly different between the sugammadex and neostig-
mine groups (32.6% vs. 40.4%, respectively; risk difference
= 0.08; 95% confidence interval = [-0.12, 0.27]; P = 0.434).
There were no significant differences in terms of specific
cardiopulmonary complications.

As shown in Table 4, there was no significant difference
in the length of postoperative hospital stay (P = 0.431) or
duration of ICU stay (P = 0.964) between the two groups.
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DISCUSSION

Apart from PRNMB, anesthesiologists need to consider
other factors affecting the incidence of postoperative com-
plications. As a cholinesterase inhibitor, neostigmine is not
a direct reversal, and it is associated with muscle weakness.
Muscle weakness induced by neostigmine usually occurs
due to administration of the drug at a higher dose after a
nearly complete recovery of NMB. This is associated with
respiratory impairment, including an increased risk of atel-
ectasis, pulmonary edema, desaturation, and longer hospi-

63




Anesth Pain Med Vol. 16 No.1

Table 2. Perioperative Management

Neostigmine (n = 47) Sugammadex (n = 46) P value
Preoperative ABGA
pH (MmHg) 74 0.0 74 %00 0.269
Pa0, (mmHg) 91.6 + 16.6 92.8 + 18.7 0.742
PaCO, (mmHg) 39.1+43 373+ 36 0.028
0, saturation (%) 96.4 + 3.0 965 + 2.1 0.853
One lung ABGA
pH (MmHg) 74 %01 74+ 01 0.078
Pa0, (mmHg) 114.6 + 66.4 1113 + 61.8 0.805
PaCO, (mmHg) 389 4.1 39.0 £ 55 0.900
0, saturation (%) 96.0 + 3.9 96.0 £ 35 0.912
Two lung ABGA
pH (MmHg) 74 %00 74+ 01 0.142
Pa0, (mmHg) 269.8 + 118.4 257 + 1135 0.539
PaCO, (mmHg) 36.4 + 4.4 36.2 = 5.0 0.993
0, saturation (%) 99.7 £ 0.7 99.6 + 0.8 0.686
Total vecuronium usage (mg/kg) 0.158 * 0.063 0.156 * 0.054 0.899
Anesthetic time (min) 320 (285, 350) 333 (295, 371) 0.102
Operation time (min) 245 (210, 275) 238 (210, 304) 0.361

Values are presented as mean + SD or median (1Q, 3Q). ABGA: arterial blood gas analysis.

Table 3. Postoperative Complications

Neostigmine (n = 47)  Sugammadex (n = 46) RD (95% Cl) P value
Incidence of PPCs 19 (40.4) 15 (32.6) 0.08 (—0.12, 0.27) 0.434
Prolonged air leakage 5 (10.6) 2 (4.3) 0.06 (—0.04, 0.17) 0.435
Pneumonia 2 (4.3) 1(2.2) 0.02 (-0.05, 0.09) 1.000
Atelectasis 14 (29.8) 8 (17.4) 0.12 (—0.05, 0.29) 0.160
Desaturation 5 (10.6) 6 (15.0) -0.07 (-0.21, 0.07) 0.348
Reintubation 1(2.1) 0(0.0) 0.02 (-0.02, 0.06) 1.000
Number of complications per patient (1/2/3) 13/4/2 11/4/0 0.379
Atrial fibrillation 3(6.4) 1(2.2) 0.04 (-0.04, 0.12) 0.617

Values are presented as number (%) or number only. RD: risk difference, 95% Cl: 95% confidence interval, PPCs: postoperative pulmonary

complications, PTE: pulmonary thromboembolism.

Table 4. Postoperative Care

Neostigmine (n = 47) Sugammadex (n = 46) P value
Duration of oxygen mask use (min) 210 (120, 370) 225 (120, 375) 0.913
Oxygen saturation 24 h after surgery (%) 992 £ 1.2 986 + 1.9 0.062
Chest tube removal (d) 2.0(2.0,3.0) 2.0 (2.0, 3.0) 0.994
ICU LOS (d) 1.0 (1.0, 1.0) 1.0(1.0,1.3) 0.964
Postoperative hospital LOS (d) 7.0 (6.0, 10.0) 8.0(7.0, 10.0) 0.431

Values are expressed as median (1Q, 3Q) or mean + SD. ICU: intensive care unit, LOS: length of stay.

tal stay [7,14]. Moreover, Abad-Gurumeta et al. [8] reported
in a review article that even when extubation was achieved
under high doses of neostigmine (> 0.6 mg/kg), at TOFR
greater than 0.9, neostigmine administration was associat-
ed with atelectasis, pulmonary edema, tracheal re-intuba-

tion, and prolonged hospital stay. In addition, Schepens et
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al. [15] obtained computed tomography scans during the
spontaneous breathing cycle (TOFR > 0.9) after adminis-
tering neostigmine (0.06 mg/kg), sugammadex (15 mg/kg),
or saline at a TOFR of 0.5 in rats. They found that rats being
administered neostigmine exhibited a smaller relative con-

tribution of diaphragm movement to the total change in
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lung volume compared with sugammadex or saline. This
may be due to the effect of neostigmine on neuromuscular
transmission because the residually occupied acetylcho-
line receptors may decrease the efficiency of neuromuscu-
lar coupling at the diaphragm. In our research, the dose of
neostigmine was predetermined; a dose of 0.5 mg/kg above
the light block (TOFR > 0.4) may cause muscle weakness
in high-risk patients and may be associated with the occur-
rence of complications. Furthermore, the risk of cardiovas-
cular complications is also relatively high with neostigmine
because of hemodynamic changes caused by bradycardia
and cardiac arrhythmias [7]. However, theoretically,
sugammadex is a selective relaxant-binding agent and has
a lower risk of cardiopulmonary complications than a com-
bination of neostigmine and atropine [3,6,7,16]. Moreover,
sugammadex possibly reduces the time required for com-
plete recovery from NMB without increasing the incidence
of hypersensitivity or anaphylactic reactions, even in deep
blocks [16-18]. Furthermore, in a systematic review by Pa-
ton et al. [16], sugammadex was found to be more cost ef-
fective and potentially time-saving intraoperatively than
neostigmine. Thus, we theorized that sugammadex was ef-
fective in reducing the incidence of PPCs compared with
neostigmine, thereby helping to reduce the length of hos-
pital stay.

Nevertheless, the primary outcome of this study showed
no statistical significance regarding the effect of sugamma-
dex and neostigmine in the reversal of moderate to light
NMB after VATS lobectomy. In the present study, neuro-
muscular monitoring was performed until the end of anes-
thesia, as the drug dose was predetermined, owing to the
double-blind method. Administration of the reversal agent
was performed at the moderate to light block (over TOF
count 3) and observed when TOFR reached 0.9, which is
considered adequate recovery from NMB; this was fol-
lowed by tracheal extubation because tracheal extubation
at TOFR less than 0.9 was associated with more complica-
tions, including hypoxia, upper airway obstruction, oxygen
desaturation, micro-aspiration, and reintubation, than ex-
tubation at TOFR greater than 0.9 [8]. This would have con-
tributed to reducing the incidence of PRNMB after reversal
in the neostigmine group, resulting in reduced incidence of
PPCs. In addition, Togioka et al. [19] recently reported that
among the 200 older adults undergoing prolonged surgery
(high-risk subjects), there was no significant difference in
the incidence of PPCs between the sugammadex and

neostigmine groups (33% vs. 40%, respectively; odds ratio
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= 0.74; 95% confidence interval = [0.40, 1.37]; P = 0.30).
They found that the contribution of reversal agent to de-
creased incidence of PPCs can be masked in the high-risk
population through the impact of the disease on the inci-
dence of complications. In the present study, the average
age of the patient group was 64 years, and the average op-
eration time was more than 3 h. In addition, the incidence
of PPCs in patients undergoing VATS lobectomy is as high
as 10-40% [20]. For these reasons, it is thought that the
contribution of sugammadex to the reduction of PPCs may
have been obscured by the high incidence of complica-
tions. Therefore, sugammadex did not show a statistical
difference in reducing the incidence of PPCs compared
with neostigmine (32.6% vs. 40.4%, respectively; risk differ-
ence = 0.08; 95% confidence interval = [-0.12, 0.27]; P =
0.434).

The secondary outcomes of this study showed no signifi-
cant differences between the two groups in terms of the
length of hospital stay, ICU admission, and chest tube re-
moval. This suggests that there was no significant differ-
ence between the effect of neostigmine and sugammadex
on the incidence of critical complications affecting the
length of hospital stay and ICU stay. In addition, the de-
partment of thoracic surgery at our hospital routinely per-
forms early chest tube removal to reduce pain and encour-
age early ambulation in order to reduce hospital stay, un-
less serious complications occur according to the ERAS,
which may have also affected our results [1,7].

There were a few limitations in our study. First, it was not
possible to confirm whether PRNMB was actually reduced
because neuromuscular monitoring was not performed in
the ICU after extubation. In addition, PRNMB and muscle
weakness were not evaluated; therefore, it was not possible
to confirm their correlation with PPCs.

In conclusion, in clinical use, the use of sugammadex in
reversing NMB at a minimum TOF count of 3 did not re-
duce the incidence of PPCs in patients undergoing VATS
lung lobectomy compared with neostigmine under quanti-
tative neuromuscular monitoring. In addition, there was
no difference in the duration of hospital and ICU stay be-
tween both groups. Therefore, more quantitative and large-
scale studies in patient groups or surgeries with high inci-
dence of complications are needed to demonstrate the
benefits of sugammadex as a NMB reversal agent in the
correlation between preoperative risk factors and PPCs.
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