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Abstract

Background: Residual neuromuscular block has been associated with postoperative pulmonary complications. We
hypothesised that sugammadex reduces postoperative pulmonary complications in patients aged >70 yr having surgery
>3 h, compared with neostigmine.

Methods: Patients were enrolled in an open-label, assessor-blinded, randomised, controlled trial. At surgical closure,
subjects were equally randomised to receive sugammadex 2 mg kg™! or neostigmine 0.07 mg kg~* (maximum 5 mg) for
rocuronium reversal. The primary endpoint was incidence of postoperative pulmonary complications. Secondary end-
points included residual paralysis (train-of-four ratio <0.9 in the PACU) and Phase 1 recovery (time to attain pain control
and stable respiratory, haemodynamic, and neurological status). The analysis was by intention-to-treat.

Results: Of the 200 subjects randomised, 98 received sugammadex and 99 received neostigmine. There was no significant
difference in the primary endpoint of postoperative pulmonary complications despite a signal towards reduced incidence
for sugammadex (33% vs 40%; odds ratio [OR]=0.74; 95% confidence interval [CI]=[0.40, 1.37]; P=0.30) compared with
neostigmine. Sugammadex decreased residual neuromuscular block (10% vs 49%; OR=0.11, 95% CI=[0.04, 0.25]; P<0.001).
Phase 1 recovery time was comparable between sugammadex (97.3 min [standard deviation, sp=54.3]) and neostigmine
(110.0 min [sp=62.0]), difference —12.7 min (95% CI, [—29.2, 3.9], P=0.13). In an exploratory analysis, there were fewer 30
day hospital readmissions in the sugammadex group compared with the neostigmine group (5% vs 15%; OR=0.30, 95%
CI=[0.08, 0.91]; P=0.03).

Conclusions: In older adults undergoing prolonged surgery, sugammadex was associated with a 40% reduction in re-
sidual neuromuscular block, a 10% reduction in 30 day hospital readmission rate, but no difference in the occurrence of
postoperative pulmonary complications. Based on this exploratory study, larger studies should determine whether
sugammadex may reduce postoperative pulmonary complications and 30 day hospital readmissions.

Clinical trial registration: NCT02861131.
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Editor’s key points

e Sugammadex is associated with reduced residual
neuromuscular block, but whether this reduces post-
operative pulmonary complications is unknown.

o A single-centre RCT compared the effects of sugam-
madex or neostigmine on the incidence of post-
operative pulmonary complications.

e There was no significant difference in the primary
endpoint of postoperative pulmonary complications
despite a signal towards reduced incidence for
sugammadex.

e Sugammadex was associated with less residual paral-

ysis but no difference in early recovery metrics.

Larger studies powered to detect a difference in post-

operative pulmonary complications in at-risk patients

are warranted.

Each year, more than 230 million major surgical procedures
are performed worldwide and most include administration of
neuromuscular blocking drugs.! Neuromuscular blocking
drugs are considered essential because they can facilitate
airway instrumentation and improve surgical conditions.
However, multiple studies have linked use of neuromuscular
blocking drugs with postoperative pulmonary
complications,” * which can occur in 5% of surgeries® and
impact on hospital length of stay and costs.®

Residual neuromuscular block is associated with upper
airway obstruction,” hypoxaemia,”® atelectasis,”’° and pneu-
monia.>’ Furthermore, even low levels of neuromuscular
block (train-of-four [TOF] ratio <0.9 or <0.95') in healthy vol-
unteers not exposed to anaesthesia or surgery was associated
with pharyngeal''® and laryngeal dysfunction,'** and
depressed hypoxic ventilatory drive.® It has been suggested
that reducing residual neuromuscular block may decrease
postoperative pulmonary complications.”*°

Acetylcholinesterase inhibitors are commonly administered
to reduce the incidence of these complications. Regular moni-
toring of neuromuscular transmission and accurate dosing of
acetylcholinesterase inhibitors can reduce the incidence of re-
sidual neuromuscular block'’; however, this is not eliminated
by these strategies.’"'® It is conceivable that these interventions
failed because of underutilisation of quantitative assessment of
neuromuscular transmission or because overdosing of acetyl-
cholinesterase inhibitors can impact respiratory and upper
airway dilator muscle activity.">?° Acetylcholinesterase in-
hibitors are ineffective at reversing deep neuromuscular
block,?%?? and are less effective when administered with inha-
lational anaesthetics.”®> Sugammadex, a gamma-cyclodextrin
that selectively binds rocuronium, lacks intrinsic negative ef-
fects on upper airway dilator activity,”* provides faster, more
complete reversal than neostigmine,® 2/ effectively reverses
deep neuromuscular block,’>?%?¢ and is equally effective when
administered with inhalational or intravenous anaesthetics.”
Although sugammadex provides higher quality reversal, the
efficacy of sugammadex in preventing postoperative pulmo-
nary complications in older adults undergoing prolonged sur-
gery is not firmly established.

We therefore designed an RCT in patients >70 yr of age with
planned surgery >3 h to receive rocuronium reversal by
sugammadex or neostigmine. We hypothesised that sugam-
madex would reduce the incidence of postoperative

pulmonary complications, incidence of residual neuromus-
cular block in the PACU, and PACU Phase 1 recovery time.

Methods
Study population

Institutional Review Board approval from Oregon Health &
Science University (Portland, OR, USA) was obtained in
November 2016 and the trial was registered on clinical-
trials.gov (NCT02861131) in August 2016. This manuscript in-
cludes all components of the Consolidated Standards of
Reporting Trials (CONSORT) checklist.

Between January 2017 and March 2018, patients having
elective surgery at Oregon Health and Science University in
Portland, OR, USA, were evaluated for eligibility. Eligible pa-
tients were aged >70 yr, scheduled for surgery of expected
duration of >3 h under general tracheal anaesthesia, and
without a surgical or medical contraindication to neuromus-
cular block. Exclusion criteria included significant kidney dis-
ease (stage 4 kidney disease or higher), significant liver disease
(aspartate aminotransferase [AST] or alanine aminotransferase
[ALT] greater than twice the upper limit of institutional normal),
allergies to study drugs, and refusal of consent. Written
informed consent was obtained from all enrolled subjects.

Primary and secondary endpoints

The primary endpoint, incidence of postoperative pulmonary
complications, was a composite of in-hospital lung or airway
dysfunction (Table 1).° Secondary endpoints were the pro-
portion of patients with residual neuromuscular block in the

Table 1 Definition of postoperative pulmonary complications.
Table modified from Canet and colleagues.” CPAP, continuous
positive airway pressure; Pao,, partial pressure of oxygen in
arterial blood; Sao,, peripheral blood oxygen saturation; WBC,
white blood cell count.

Complication Definition
Postoperative Antibiotic administration for a
pneumonia respiratory indication with at least
one of the following: WBC >12 000
cells pl 2, temperature >38°C,
increased or changed sputum, new
lung opacity on thoracic imaging
Aspiration Radiological evidence of acute lung
pneumonitis injury with a clinical history
consistent with inhalation of gastric
contents
Atelectasis Diagnosis of more than minimal
atelectasis on thoracic imaging
interpreted by a radiologist
Pneumothorax Diagnosis of a pneumothorax on
thoracic imaging interpreted by a
radiologist
Desaturation/ Re-initiation of supplemental oxygen to
hypoxaemia treat a Pao, <8 kPa or a Sao, <90% in

the absence of hypoventilation after
weaning from adult oxygen mask
Upper airway obstruction requiring a
nasal airway, oral airway, or initiation
of CPAP
Acute respiratory Postoperative initiation of either
insufficiency noninvasive or invasive mechanical
ventilation

Upper airway
obstruction
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PACU (defined by a TOF ratio <0.9), and PACU Phase 1 recovery
time (duration of time required to attain pain control and
stable respiratory, haemodynamic, and neurological status).
Additional endpoints were hospital length of stay, the pro-
portion of patients with hospital readmission within 30 days,
and the proportion of patients diagnosed with a respiratory
complication as defined by the National Surgical Quality
Improvement Program (postoperative pneumonia, unplanned
intubation, ventilator dependency >48 h).*°

Randomisation, blinding, and recruitment

The study was an open-label, assessor-blinded, randomised
controlled parallel-group trial. Participants were randomly
allocated to rocuronium neuromuscular block reversal with
sugammadex or neostigmine based upon a computer-
generated random allocation sequence (1:1 assignment ra-
tio). The allocation sequence was created before study
commencement by a member of the clinical research depart-
ment not involved in recruitment, coordination, or data
collection. Allocation was concealed in sequentially numbered
opaque envelopes. Anaesthesia providers were blinded until
when they were ready to prepare and administer reversal,
typically when surgical closure began.

To avoid influencing the intraoperative management of
neuromuscular block by the anaesthesia or surgical teams and
to avoid randomising patients who would not receive the
allotted intervention (accounting for intraoperative changes in
surgical needs related to neuromuscular block), subjects were
not randomised until the anaesthesia team was ready to
reverse neuromuscular block. This trial feature was designed
to minimise provider bias in changing anaesthetic or ventila-
tion management. Study personnel involved in recruitment,
consent, and outcomes assessment were blinded to group
allocation until study completion. Assessors were not involved
in patient care and did not access anaesthesia records.

An automated electronic screening tool was created within
the EPIC Electronic Health Record (Epic Systems Corporation,
Verona, WI, USA) software to identify patients who met age and
surgical duration inclusion criteria. Eligible patients were con-
tacted by a research coordinator to introduce the study. Patients
interested in trial participation provided written consent in per-
son either at a preoperative office visit or on the day of surgery.

Intraoperative management

Anaesthesia providers received study instructions and a
flowchart describing the study procedures before induction.
Subjects received either rocuronium or succinylcholine to
facilitate tracheal tube placement. The recommended location
of conventional peripheral nerve stimulation (qualitative de-
vice) was the adductor pollicis. If the upper extremities were
not accessible during surgery, the nerve stimulator was placed
on the orbicularis oculi and moved to the adductor pollicis at
the end of surgery. Final dosing of neostigmine or sugamma-
dex was always based on qualitative monitoring at the
adductor pollicis. The TOF count was monitored every 15 min.
Anaesthesia providers were instructed to make their best
effort to maintain a TOF count of 2 during the procedure, and
to reverse neuromuscular block at a TOF count of at least 2. At
the time of surgical closure, when the anaesthesia team was
preparing for reversal, they paged the study team to deliver
the envelope containing the randomisation assignment. The
recommended dose of sugammadex was 2 mg kg~?! of actual

body weight, rounded to the nearest 10 mg. The recommended
dose of neostigmine was 0.07 mg kg™ ! of actual body weight
(maximum 5 mg) rounded to the nearest 0.1 mg. Glyco-
pyrrolate was administered at a dose of 0.1-0.2 mg per 1 mg of
neostigmine administered. To maintain blinding, the study
team was not present in the room when the anaesthesia
providers accessed the randomisation assignment, and did
not access the anaesthesia record. Intraoperative tempera-
ture, heart rate, blood pressure, ventilation, and pain man-
agement were left to the discretion of the anaesthesia team.

Postoperative study procedures

A TOF ratio was obtained on all patients within 5 min of PACU
arrival with a TOF-Watch SX acceleromyograph (Organon,
Dublin, Ireland). To prevent phalange movement during TOF
ratio testing, the forearm was taped, proximal to the surface
electrodes, and phalanges 2—5 were taped to a bedside stand.
After cleaning the skin with isopropanol, the negative lead
was attached to a paediatric surface electrode on the volar side
of the forearm over the ulnar nerve just proximal to the wrist
crease. The positive electrode was placed over the ulnar nerve
2—4 cm proximal to the negative electrode. The acceleration
transducer was appended to the volar side of phalange 1 via a
hand adaptor that supplied a constant preload of 75—150 g
(TOF-Watch Handadaptor; Organon). The TOF ratio was
determined while applying a current intensity of 50 mA
through four pulses of 0.2 ms duration over 2 s. Two TOF
measurements were obtained 15 s apart. If ratios were within
10%, the average was recorded. If ratios differed by more than
10%, additional measurements were obtained until two ratios
were within 10%, and these were averaged.

A research coordinator monitored for adverse events
(hypoxaemia, desaturation, upper airway obstruction, bron-
chospasm, hypersensitivity reaction, cough, headache,
nausea or vomiting, itching, dysgeusia) at the subject’s
bedside during PACU Phase 1 recovery. Thereafter, the study
team conducted in-person daily assessment of mental status,
new or changed sputum, increased secretions or suctioning
requirements, new cough, dyspnoea, and malaise, evidence of
aspiration, signs or symptoms of heart failure, and chest
radiography reports until hospital discharge. A phone call and
screen of electronic medical records was completed 30 days
after hospital discharge to check for readmission. A standard
pro forma was used for the daily in-person hospital assess-
ment and the 30 day post-discharge phone call (Supplement 1).
There were no changes to the methods or general clinical
practice during trial implementation.

Statistical analysis

We collected the following baseline characteristics: age, sex,
race, weight, BMI, ASA physical status classification, creati-
nine clearance, liver enzymes, smoking status, history of
diabetes mellitus, cancer history, and history of pathology
related to the airway, heart, or lungs.

Descriptive summaries are presented using mean and
standard deviation (sp) for quantitative characteristics and
frequencies (%) for categorical characteristics. We tested for
treatment differences using Welch'’s t-test for mean compar-
isons of quantitative characteristics and 2 or Fisher’s exact
test of associations for binary or categorical characteristics.
Mood’s test was used to assess the equality of medians. The >
test was used to test for a treatment effect for the primary
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== CONSORT

L7 Il TRANSPARENT REPORTING of TRIALS

Enrolment

‘ Surgeries assessed

for eligibility (1=789) ‘

4>| Not meeting inclusion criteria (n=431)

Eligible to

(n=358)

participate
Excluded (n=158)

e Surgery cancelled (n=42)

* Decision to avoid paralysis (n=2)
Decision not to reverse (1=3)
Participating in another study or
already participated (n=5)

Study coordinator not available (n=72)

‘ Randomised (n=200) ‘

Declined to participate (n=34)

\4

Allocated to sugammadex (n=100)

Received allocated intervention (n=98)

Did not receive allocated intervention (n=2)
Assessment label lost, received
neostigmine

Lost to follow-up (n=0)

Analysed intention-to-treat (1=100)
e Analysed per protocol (n=98)
e Excluded from analysis (1=2)

!
)

Allocation

Follow-Up

,

Allocated to neostigmine (n=100)

Received allocated intervention (n=99)

Did not receive allocated intervention (n=1)
No twitches at end of surgery, received
sugammadex

Lost to follow-up (n=0)

Analysed intention-to-treat (n=100)
e Analysed per protocol (7=99)
e Excluded from analysis (n=1)

Fig 1. CONSORT flowchart. CONSORT, Consolidated Standards of Reporting Trials.

endpoint, incidence of any postoperative pulmonary compli-
cation, and for the secondary endpoint, residual neuromus-
cular block in the PACU. We used Welch’s t-test for the
secondary endpoint, PACU Phase 1 recovery time. All hy-
pothesis tests evaluated were two-sided, and all analyses were
conducted using the Stata (version 15.1; Stata Statistics Soft-
ware, College Station, TX, USA). The same statistical package
was used to create the random sequence for the fair-coin
randomisation assignment.

The study was designed to detect a 45% relative reduction
in postoperative pulmonary complications with 80% power,
assuming a 42.1% complication rate in the neostigmine
group.®

Results
Participant flow

During the study period, 789 surgeries met the inclusion criteria.
After chart review, 358 patients were eligible for enrollment.

Between January 24, 2017 and March 30, 2018, 200 subjects were
randomised (Fig. 1). Of the 100 subjects allocated to receive
sugammadex, two did not receive sugammadex: one random-
isation envelope was lost and one anaesthesia provider failed to
notify the study team at time of reversal. Both anaesthesia
providers defaulted to neostigmine for these subjects. Of the 100
subjects allocated to receive neostigmine, one had no twitches
at the end of surgery and the anaesthesia team gave sugam-
madex to avoid a prolonged operating room time. There were
no withdrawals and no subjects were lost to follow-up. Follow-
up was completed by April 30, 2018. Complete data were avail-
able for the primary and secondary endpoints.

Study population baseline characteristics

Table 2 shows baseline population characteristics by treat-
ment assignment. Baseline characteristics were comparable
between the two study groups for age, sex, Caucasian race,
weight, BMI, smoking status and prevalent diseases. The
sugammadex group appeared to have slightly higher
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Table 2 Subject baseline characteristics stratified by ran-
domisation assignment. ALT, alanine aminotransferase; AST,
aspartate aminotransferase; COPD, chronic obstructive pul-
monary disease; CPAP, continuous positive airway pressure;
max, maximum; min, minimum, sp, standard deviation.

Characteristic Sugammadex Neostigmine
(n=100) (n=100)
Age (yr), mean (sp) 74.8 (4.3) 75.1 (4.0)
Median (range: min, 74 (70, 89) 74 (70, 86)
max)
Sex, n (%)
Female 52 (52) 56 (56)
Male 48 (48) 44 (44)
Caucasian race, n (%) 97 (97) 93 (93)
Weight (kg), mean (sp)  83.4 (18.8) 79.6 (18.8)
Height (cm), mean (sp)  169.4 (10.5) 167.5 (11.1)
BMI (kg m~2), mean (sp) 28.8 (5.0) 28.4 (6.7)
ASA physical status, n (%)
1 0(0) 2 (2.0)
2 41 (41) 29 (29.3)
3 52 (52) 67 (67.7)
4 7 (7) 1(1.0)
Smoking status, n (%)
Current 3(3) 4 (5)
Former 55 (63) 47 (57)
Never 29 (33) 31 (39)
Respiratory infectionin 9 (9) 10 (10)
the preceding
month, n (%)
COPD or chronic lung 1(1) 1(1)
disease, n (%)
Asthma, n (%) 0 (0) 2(2)
Obstructive sleep 2(2) 5 (5)
apnoea, n (%)
CPAP use, n (%) 1(1) 0 (0)
History of myocardial 0 (0) 1(1)
infarction, n (%)
History of congestive 0 (0) 0 (0)
heart failure, n (%)
Diabetes mellitus, n (%) 6 (6) 11 (11)
Cancer, n (%) 19 (19) 6 (16)

Creatinine, mg dl7%;
mean (sp)

0.93 (0.32), n=87 0,95 (0.29), n=81

AST, U L™} mean (sp) 265.3 (300.6),  78.8(122.2), n=14
n=11

ALT, U L% mean (sp) 309.1 (322.1),  134.5 (240.3),
n=11 n=14

representation of patients with ASA physical status 2 and
lower representation in ASA physical status 3 relative to the
neostigmine group.

Intra- and postoperative characteristics

Table 3 shows intra- and postoperative characteristics strati-
fied by treatment assignment. Randomisation performed well
in generating groups with similar surgical and anaesthetic
characteristics. The mean heart rate 5 min after reversal was
lower in the sugammadex group compared with the neostig-
mine group (75.8 [sp=13.4] vs 82.9 [sp=13.9]; P<0.001).

Primary and secondary endpoints

The primary endpoint, incidence of any postoperative pul-
monary complication, is summarised in Table 4. The incidence
of any postoperative pulmonary complication was lower for

the sugammadex group (33%) than the neostigmine group
(40%). The relative odds of postoperative pulmonary compli-
cation was lower for subjects receiving sugammadex (odds
ratio [OR]=0.74, 95% CI=[0.40, 1.37]), but this difference did not
reach statistical significance (P=0.30).

For the secondary endpoints, the incidence of residual
neuromuscular block (TOF <0.9) was estimated to be 10% for
the sugammadex group and 49% for the neostigmine group.
The relative odds of residual neuromuscular block was 89%
lower comparing subjects receiving sugammadex to neostig-
mine (OR=0.11, 95% CI=[0.04, 0.25]; P<0.001). Similarly, the
estimated mean TOF ratio for subjects randomised to
sugammadex was 0.96 (sp=0.11) vs 0.81 (sp=0.24) for patients
randomised to neostigmine. The estimated mean difference of
0.16 (95% CI=[0.10, 0.21]) was statistically significant (P<0.001).

The estimated mean PACU Phase 1 recovery time was 97.3
min (sp=54.3) for the sugammadex group and 110.0 min
(sp=62.0) for the neostigmine group. The estimated mean dif-
ference of 12.7 min (95% CI=[-29.2, 3.9]) was not statistically
different between groups (P=0.13).

The 30 day hospital readmission rate was 70% lower for
subjects randomised to sugammadex than to neostigmine
(OR=0.30, 95% CI=[0.08, 0.91]; P=0.03), whereas hospital length
of stay and NSQIP Respiratory Complication were not different
between groups.

There were no differences in the incidence of adverse
events between treatment groups.

Discussion

In this rigorously conducted single-centre randomised trial
comparing sugammadex and neostigmine in older adults un-
dergoing prolonged surgery, we failed to detect a significant
reduction in the primary endpoint of the occurrence of in-
hospital pulmonary complications. The estimated effect size
of 19%, although clinically relevant, was an overestimation;
our observed 7% lower rate of pulmonary complications with
sugammadex is consistent with previous studies.”*! Of our
secondary endpoints, reversal of moderate block (TOF count
>2) with sugammadex decreased the occurrence of residual
neuromuscular block by 40% and was associated with a 10%
lower 30 day hospital readmission rate.

Prior reports have produced conflicting results on the effect
of sugammadex on in-hospital pulmonary complications.
Several studies failed to detect a reduction in pulmonary
complications such as re-intubation,” laryngospasm,®*3*
pneumonia,’! and increased airway secretions,>*
posite pulmonary outcomes?>> with the use of sugammadex.
Other reports suggest that sugammadex may reduce the
incidence of postoperative respiratory complications in the
PACU. In a prospective observational study in which neuro-
muscular blocking and reversal decisions were at the discre-
tion of the anaesthesiologist, a decrease in upper airway
obstruction requiring intervention and desaturation to Spo;
<94% was seen in patients administered
rocuronium—sugammadex (2.3%) compared with
cisatracurium—neostigmine (17.4%).° This lower incidence of
PACU desaturation has been found in other observational®
and randomised trials.??%%3¢

The most common respiratory complication observed in
our study was atelectasis, which was diagnosed in 25% of
subjects given neostigmine and 19% of subjects given
sugammadex. Atelectasis was likely underdiagnosed because
chest radiographs were ordered only when clinically

or in com-
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Table 3 Intra- and postoperative data stratified by randomisation assignment. TOF, train-of-four; sp, standard deviation.

Characteristic Sugammadex (n=100) Neostigmine (n=100) P-value
Surgical specialty, n (%) 0.25
General surgery 41 (41.0) 53 (53.0)
Orthopaedic surgery 18 (18.0) 13 (13.0)
Otolaryngology 1(1.0) 0 (0.0)
Plastic surgery 1(1.0) 0 (0.0)
Surgical oncology 23 (23.0) 16 (16.0)
Urology 16 (16.0) 16 (16.0)
Vascular surgery 0 (0.0 2 (2.0)
Categorised surgical procedures, n (%) 0.46
Open abdominal surgery 23 (23) 20 (20)
Laparoscopic abdominal surgery 23 (23) 34 (34)
Urological procedures 16 (16) 14 (14)
Joint arthroplasty 12 (12) 6 (6)
Spine surgery 8 (8) 6 (6)
Video-assisted thoracoscopic surgery 11 (11) 15 (15)
Other 7 (7) 5 (5)
Surgical position, n (%) 0.18
Supine 54 (56) 50 (56)
Prone 11 (11) 4 (4)
Lateral decubitus 19 (20) 16 (18)
Lithotomy 10 (10) 18 (20)
Beach chair 2(2) 1(1)
Primary anaesthetic, n (%) 0.47
Sevoflurane 28 (28) 25 (25)
Isoflurane 72 (72) 73 (73)
Desflurane 0 (0) 2(2)
Cumulative rocuronium dose, mg
Mean (sp) 106.3 (39.4) 104.2 (39.5) 0.71
Median (range: min, max) 100 (20, 210) 100 (30, 250) 0.77
Succinylcholine, n (%) 12 (12) 12 (12) 1.00
Dose, mg; mean (sb) 114.2 (10.0) 110.0 (9.4) 0.76
Neuromuscular monitoring site, n (%) 0.20
Ulnar nerve 68 (68) 62 (62)
Facial nerve 30 (30) 38 (38)
Posterior tibial nerve 2(2) 0 (0)
TOF count at time of reversal, n (%) 0.19
1 4 (4) 12 (12.1)
2 58 (58) 49 (49.5)
3 16 (16) 15 (15.2)
4 22 (22) 23 (23.2)
Heart rate 5 min after reversal, mean (sp) 75.8 (13.4) 82.9 (13.9) < 0.001
Blood transfusion, n (%) 4 (4.0) 5 (5.0) 1.000
Epidural for postoperative analgesia, n (%) 20 (20) 25 (25) 0.40
Peripheral nerve block, n (%) 8(8) 5(5) 0.57
Duration of anaesthesia, min; mean (sb) 299.6 (121.0) 302.8 (123.7) 0.85
Duration of surgery, min; mean (sp) 215.8 (105.7) 212.9 (110.7) 0.85
Reversal time to PACU, min; mean (sp) 22.8 (10.9) 23.9 (10.6) 0.46
Initial PACU temperature, °C; mean (sb) 36.4 (0.38) 36.3 (0.37) 0.61

indicated. Furthermore, detection of atelectasis by chest
radiography is limited by variability in the phase of the res-
piratory cycle and subjective interpretation. Nevertheless, our
study confirms previous results that found no difference in the
incidence or area of atelectasis, measured by lung ultrasound,
at 1 or 24 h after surgery.’! On a theoretical basis, compared
with neostigmine,®” sugammadex protects from development
of atelectasis by improving electromyographic activity of the
diaphragm and intercostal muscles leading to higher tidal
volumes and improved ability to clear secretions.

In our study, the incidence of residual neuromuscular block
(TOF ratio <0.9) was 10% in the sugammadex group and 49% in
the neostigmine group. The incidence of residual block has
been reported as 0—3% with sugammadex”?>?° and 10-71%
with neostigmine.”®17182531  Our study confirms that

sugammadex is superior to neostigmine in reducing the inci-
dence of residual neuromuscular paralysis. Not using quanti-
tative monitoring in the operating room and underdosing
some subjects may explain the high rate of residual paralysis
in the sugammadex group.

A noteworthy finding of this trial is the threefold increased
30 day hospital readmission rate in subjects given neostigmine
(15%), compared with sugammadex (5%). This finding is
consistent with reports of a lower incidence of unplanned 30
day readmission when sugammadex is administered during
abdominal surgery vs neostigmine,*® and a dose-dependent
association between intraoperative neuromuscular blocking
drug dose and 30 day readmission.* It has been hypothesised
that the improved efficacy of sugammadex combined with
avoidance of negative cardiovascular and upper airway effects
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Table 4 Trial endpoints, stratified by randomisation assignment. *Odds ratios are reported for binary variables and estimated mean
differences for continuous variables. {NSQIP respiratory complications include the following: postoperative pneumonia, unplanned
intubation, and ventilator dependency for longer than 48 h. {Without adjustment, odds ratios for TOF ratio levels were obtained via
logistic regression with TOF ratio level 0.9—-1.0 as the reference category. CI, confidence interval; NSQIP, National Surgical Quality

Improvement Program; sp, standard deviation; TOF, train-of-four.

Characteristic Sugammadex (n=100) Neostigmine (n=100) Effect size* P-value
(95% CI)
Primary endpoint
Any postoperative pulmonary complication, n (%) 33 (33.0) 40 (40.0) 0.74 (0.40, 1.37) 0.30
Secondary endpoints
Specific pulmonary complications, n (%)
Pneumonia 3 (3.0) 2 (2.0) 1.52 (0.17, 18.48)  1.00
Aspiration pneumonitis 1(1.0) 0 (0.0) - 1.00
Atelectasis 19 (19.0) 25 (25.0) 0.70 (0.34, 1.45)  0.31
Pneumothorax 7 (7.0) 8 (8.0) 0.87 (0.26, 2.86) 0.79
Desaturation/hypoxaemia 6 (6.0) 7 (7.0) 0.85 (0.23, 3.07) 0.77
Upper airway obstruction 7 (7.0) 14 (14.0) 0.46 (0.15, 1.30) 0.11
Acute respiratory insufficiency 4 (4.0 5 (5.0) 0.79 (0.15, 3.81) 1.00
NSQIP defined respiratory complications' 4 (4.0) 2 (2.0) 2.04 (0.28,22.98) 0.68
TOF ratio, mean (sp) 0.96 (0.11) 0.81 (0.24) 0.16 (0.10,0.21) < 0.001
TOF ratio distribution, n (%)* < 0.001
0.9-1.0 85 (90.4) 47 (50.5) 1.00 (ref) -
0.8—0.89 5 (5.3) 16 (17.2) 0.17 (0.06,0.50)  0.001
0.7-0.79 1(1.1) 9(9.7) 0.06 (0.01,0.50)  0.01
<07 3(3.2) 21 (22.6) 0.08 (0.02,0.28) < 0.001
Residual neuromuscular block (TOF <0.9), n (%) 9 (10) 46 (49) 0.11 (0.04, 0.25) < 0.001
PACU phase 1 recovery time, min; mean (sp) 97.3 (54.3) 110.0 (62.0) —12.7 (—29.2,3.9) 0.13
Hospital length of stay, day; mean (sp) 4.0 (3.4) 4.5 (5.0) —0.50 (—1.7,0.7) 0.42
30 day hospital readmission, n (%) 5(5) 15 (15) 0.30 (0.08, 0.91) 0.03
Adverse events n (%)
Bronchospasm 1(1.0) 2 (2.0) 0.49 (0.01, 9.68) 1.00
Hypersensitivity reaction 0 (0) 0 (0) — 1.00
Cough 4 (4.0) 5 (5.1) 0.78 (0.15,3.73)  0.75
Headache 7 (7) 7 (7) 0.99 (0.28, 3,45)  1.00
Nausea or vomiting 14 (14) 17 (17) 0.78 (0.33, 1.82) 0.56
Itching 5 (5) 8 (8) 0.60 (0.15,2.17)  0.41
Foul, salty, or metallic taste 19 (19) 13 (13) 1.55 (0.68, 3.66) 0.33

associated with neostigmine may be the cause of a reduced 30
day hospital readmission rate with sugammadex compared
with neostigmine.?” Given the high rate of hospital read-
mission after surgery and the significant associated cost, the
ability of sugammadex to prevent hospital readmission de-
serves further attention.

Our study has several limitations. We evaluated a proto-
colised scenario with 100% qualitative monitoring and reversal
at two twitches at the adductor pollicis. Such practices may
improve the quality of neostigmine reversal. A protocolised
approach to reversal has been shown to reduce the incidence
of residual paralysis.!” However, only 50% of subjects were
reversed at two twitches and the dose of neostigmine was not
adjusted according to TOF count. Some subjects were over-
dosed with neostigmine, which increases risk for airway fail-
ure.’®2° Other limitations and potential sources of bias include
not controlling intraoperative ventilation, administration of
succinylcholine before rocuronium in some patients, not using
quantitative neuromuscular monitoring in the operating
room, not performing calibration and signal stabilisation with
the TOF-Watch, and relying on primary providers to diagnose
pulmonary complications or to order imaging.

We choose a high-risk population because increasing pa-
tient age and duration of surgery are two strong independent
predictors of postoperative pulmonary complications.” The
contribution of reversal to decrease postoperative pulmonary

complications may be masked in the high-risk population
through a greater impact of concomitant disease on the inci-
dence of these complications. Accordingly, our findings may
not be generalisable to younger and healthier populations
having shorter surgery, or to patients reversed at deeper levels
of neuromuscular block. Sugammadex can reliably and
quickly reverse neuromuscular block regardless of the depth
of blockade,?>???® whereas neostigmine takes longer and be-
comes less effective as neuromuscular block deepens.?>?? Our
results may also not apply to surgical clinics with less access to
specialists and medical technology such as remote pulse ox-
imeter monitoring.

In summary, in older patients having surgery longer than 3
h, reversal of moderate blockade with sugammadex decreased
the occurrence of residual neuromuscular block and reduced
the 30 day hospital readmission rate. Our study was under-
powered to test a 7% difference in rate of postoperative pul-
monary complications between sugammadex and
neostigmine. A larger trial is necessary to confirm this effect
size.
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