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Background: Evidences show that sugammadex may facilate extubation after surgery. Applying neuromuscular monitoring in general
anesthesia may prevent postoperatrive reintubation. However, routine general anesthesia does not always include neuromuscular
monitoring. Therefore, we investigated the relationship between the sugammadex use and postoperative reintubation in the absence
of neuromuscular monitoring. Methods: We conducted a retrospective analysis of the incidence of postoperative reintubation in
the operating room (OR) or postanesthesia care unit following sugammadex use in the absence of neuromuscular monitoring that
involved a large number of patients over 4 years (from January 2017 to August 2020). Postoperative reintubation was applied for
patients who had peripheric oxygen saturation <90% despite being given 6 L/min oxygen with a face mask. Patients with perioperative
neuromuscular monitoring, renal or hepatic failure, electrolyte imbalance, body mass index over 35, incomplete data, and age
under 20 years were excluded. All data from the ORs’ database and anesthesia records were analyzed. Results: Of 6582 patients
receiving sugammadex, 6313 were included in this study. Two confirmed cases of postoperative reintubation were detected, with
an incidence of 0.03% (2 of 6,313). As of the type of surgery, a 34 years old male received elective thoracic surgery, and another
66 years old male received elective urological surgery. No long-term pulmonary sequelae were found. Conclusion: This study
suggests that the occurrence of postoperative reintubation following sugammadex (2—4 mg/kg) use is rare even in the absence of
neuromuscular monitoring. Further large prospective studies are required to validate the findings of this study.
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INTRODUCTION Therefore, sugammadex may be a useful factor for

the enhanced recovery after surgery protocol.** Such

Sugammadex is a cyclodextrin molecule that encapsulates
and inactivates rocuronium and vecuronium. As a result, any
degree of neuromuscular block produced by rocuronium or
vecuronium can be rapidly and completely reversed without
autonomic effects.! Sugammadex has been demonstrated to
shorten extubation time, resulting in improvement of operating
room (OR) turnover in clinical anesthesia settings.? Among a
generalizable cohort of adult patients undergoing inpatient
surgery at American hospitals, the use of sugammadex was
associated with a clinically and statistically significant lower
incidence of major pulmonary complications.’
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assessments require the aid of appropriate neuromuscular
transmission (NMT) monitoring devices.*

However, Kirmeier et al’ concluded that “the use NMT
monitoring could not decrease this risk of postoperative
pulmonary complications. In addition, the use of quantitative
NMT monitoring in 4182 patients compared with qualitative
NMT monitoring in 2686 patients was seemingly not associated
with a reduced risk of postoperative pulmonary complications.®
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Yazar et al.” also reported that the incidence of postoperative
reintubation were found to be 1.7% even with administration
of sugammadex and NMT monitoring. Moreover, a recent
report shows that the use of quantitative NMT monitoring
alone does not preclude residual neuromuscular block.®

In fact, most Australian and New Zealand anesthesiologists,
19.3% European anesthesiologists, and 9.4% American
anesthesiologists never use NMT monitoring for the
management of neuromuscular blocking agents (NMBAs).>!1°
In Taiwan, routine clinical anesthesia does not usually include
NMT monitoring by its inconvenience, or unreliable due to
the patient’s inappropriate hand position during surgery and
emergence. Moreover, this is also not uncommon elsewhere
in the world.>10-14

To the best of our knowledge, the relationship between
sugammadex without perioperative NMT monitoring and
postoperative reintubation has not been well demonstrated.
Therefore, this retrospective study aims to evaluate the
incidence rate of postoperative reintubation following
sugammadex use in the absence of NMT monitoring, in routine
clinical practice, and any kind of surgery.

MATERIALS AND METHODS

This  study was approved by the  Ethics
Committee (TSGHIRB No: A202105042) of Tri-Service
General Hospital (TSGH), Taipei, Taiwan (Chairman,
Professor Yu Mu Hsien) on February 22, 2021. All methods
were performed in accordance with the relevant guidelines
and regulations by domestic IRB.

Relevant information was retrieved from the medical
records and the electronic database of TSGH. A single-center
retrospective study involved adult patients under general
anesthesia with sugammadex use was conducted from January
2017 to August 2020 in Taipei, Taiwan. 6,313 patients with
the American Society of Anaesthesiologists (ASA) score of
I-IIIT who had undergone elective or nonelective surgery
under general anesthesia with sugammadex use in the
absence of NMT monitoring were included. The exclusion
criteria were perioperative NMT monitoring use, renal or
hepatic failure, electrolyte imbalance, body mass index
over 35, incomplete data, and age under 20 years. Following
these criteria, a total of 269 patients were excluded from this
study [Figure 1].

No premedication was given before anesthesia induction.
Routine monitoring, including noninvasive blood pressure,
electrocardiography (lead II), pulse oximetry, and end-tidal
carbon dioxide (EtCO,), was established for each patient.
Direct radial arterial blood pressure and a central venous
catheter were used in patients undergoing major surgery.
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Figure 1: Flow diagram detailing the selection of patients included in the
retrospective analysis. 269 patients were excluded due to perioperative
neuromuscular monitoring use, renal or hepatic failure, electrolyte imbalance,
body mass index over 35, incomplete data, and age under 20 years

Before anesthesia induction, all IV infusion lines were
examined. Anesthesia was induced using fentanyl (1-2 pug/kg)
or remifentanil (0.5-1 ug/kg), propofol (1-2.5 mg/kg), and
rocuronium (0.6 mg/kg) in all cases.

Anesthesia was maintained with target-controlled
infusion (TCI) (Fresenius Orchestra Primea; Fresenius Kabi
AG, Bad Homburg, Germany) using propofol at an effect-site
concentration (Ce) of 3.0-4.0 ug/mL in the propofol-based
total intravenous anesthesia (TIVA). Patients with TIVA
received FiO, of 50%-100% oxygen at a flow rate of
0.3 L/min. Patients with inhalation anesthesia (INHA), the
desflurane vaporizer was set between 4% and 10% in 50%—
100% oxygen at a flow of 0.3 L/min, or the sevoflurane
vaporizer was set between 2% and 4% in 50%-100% oxygen
at a flow of 1.0 L/min in a closed breathing system. Repetitive
boluses of rocuronium (0.1-0.2 mg/kg) and fentanyl (0.5-1
ng/kg) (or continuous infusion of remifentanil with TCI)
were given as necessary throughout the operation. No
routinely NMT monitoring was applied during surgery.'>!
INHA or maintenance of the Ce with TCI using propofol was
adjusted downward and upward by 0.5%-2% or 0.2-0.5 ug/
mL, respectively, when needed based on the hemodynamics.
The level of EtCO, was kept at 35-45 mmHg by adjusting
the ventilation rate with a maximum airway pressure <30 cm
H,0 with a 5 cmH,O positive end expiratory pressure. The
bispectral index (BIS)-guided protocol was conducted
in high-risk surgical patients.”> The BIS monitor (BIS™,
Medtronic, Covidien, USA) was within the range of 40—60
and used in hemodynamic instability, low maintained Ce of
propofol Ce, previous history of alcoholism, previous history
of awareness, low body weight (body mass index; BMI <18),
poor functional activity (<4 metabolic equivalents or ejection
function <35%), and as per patients’ request. Besides,
2.5-5.0 mg of midazolam was administered for prevention
intraoperative awareness when higher propofol Ce (>6 ug/
mL) was required for a patient to lose consciousness.

At the end of the skin closure, the lungs were ventilated with
100% oxygen at a fresh gas flow of 6 L/min. Once spontaneous
breathing returned, reversal of neuromuscular function was
achieved by administrating sugammadex (2—4 mg/kg) by the
anesthesiologist in charge to prevent residual paralysis. When
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the patient regained consciousness by name with spontaneous
and smooth respiration, the endotracheal tube was removed.
Patients were sent to the post-anesthesia care unit (PACU)
or intensive care unit and were assessed after surgery by the
anesthesiologist in charge.

The primary outcome assessment tested the incidence
of postoperative reintubation, which was detected by the
patients who had peripheric oxygen saturation <90% despite
being given 6 L/min oxygen with a face mask in the OR
and PACU following surgery. In addition, we evaluated the
patients’ characteristics (age, sex, height, weight, ASA), and
the type of anesthesia or surgery. Medical information of the
patients, along with the results of the postoperative evaluation,
were analyzed. Data are presented as the mean and standard
deviation of a number of patients. The statistical analysis was
performed using Sigmastat 3.5 (Systat Software Inc, San Jose,
CA, USA) for Windows.

RESULTS

Out of 6582 patients assessed for eligibility, 6313 were
enrolled in this study. Table 1 summarizes the characteristics of
the patients and the type of surgery. Two cases of postoperative
reintubation were detected, corresponding to an incidence of
0.03% (2/6313). The average age was 62.4 £+ 8.5 years old,
the height was 164.7 = 9.7 cm, and the weight was 63.7 + 8.2
kg. A total of 3242 men and 3071 women were enrolled in
the study. Furthermore, the study included 643 ASA I patients,
4308 ASA II patients, and 1362 ASA III patients. There were
4931 (78.1%) patients under INHA, and 1382 (21.9%) patients
under TIVA. Duration of surgery was 153.1 + 80.5 min, and
total dose of rocuronium was 72.6 + 32.9 mg. The analysis of
two patients with postoperative reintubation was summarized
in Table 2. During the analysis period, the other 66 years
old male (height of 163 cm and weight of 65 kg) underwent
postoperative reintubation due to severe laryngospasm
following administration of 100 mg sugammadex under
unintubated trachea, but endotracheal tube was extubated few
minutes later without any sequelae.?

Case 1

A 34-year-old ocular myasthenia gravis male (height of
174 cm and weight of 64 kg; treated with oral pyridostigmine
60 mg three times a day) was scheduled for video-assisted
thoracic surgery with removal of mediastinal tumor.
Initially, we tried to use NMT monitoring perioperatively,
however, there was no available NMT monitoring at that
time. Fortunately, the patient’s hemodynamics were stable
and SpO, 99% t0100% (with 100% oxygen at a flow rate
of 1 L/min.) during the surgery, and the procedure was
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Table 1: Characteristics of the patients and
surgery (n=6313)

Total cohort eligible number n (%)
Age (years) 62.4+8.5
Height (cm) 164.7£9.7
Weight (kg) 63.7£8.2
Sex (male/female) 3242/3071
ASA (I/11/111) 643/4308/1362
Type of anesthesia
Inhalation 4931 (78.1)
TIVA 1382 (21.9)
Surgical modality
Elective 5890 (93.3)
Nonelective 423 (6.7)
Type of surgery
General surgery 1156 (18.3)
Colorectal surgery 442 (7.0)
ENT surgery 334 (5.3)
Orthopedic surgery 778 (12.3)
Thoracic surgery 747 (11.8)
Cardiovascular surgery 25 (0.4)
Neurosurgery 572 (9.1)
Urological surgery 585 (9.3)
Gynecologic surgery 635 (10.1)
Oral and maxillofacial surgery 99 (1.6)
Plastic surgery 186 (2.9)
Ophthalmologic surgery 754 (11.9)
Duration of surgery (min) 153.1+80.5
Total dose of rocuronium (mg) 72.6+£32.9

Data shown as mean+SD or n (%). ASA=American Society of
Anesthesiologists; TIVA=Total intravenous anesthesia; ENT=Ear; nose and
throat; SD=Standard deviation

performed smoothly. The duration of surgery was about
3 h, and the total dose of rocuronium was 70 mg. After the
operation, sugammade 200 mg was administered to facilitate
the recovery of spontaneous respiration as he emergence
from anesthesia. When the patient regained consciousness
and the endotracheal tube was extubated. However,
dyspnea and desaturation happened following extubation
immediately. Sugammadex-induced laryngospasm,” or
postoperative myasthenic crisis® was highly suspected. He
was reintubated (without vocal cord edema or laryngospasm
at that time) in the OR, and postoperative myasthenic crisis
was diagnosed by the neurologist. After emergent treatment,
he was sent to the intensive care unit. After 5 times of plasma
exchange, the patient was successfully extubated. Finally, he
discharged without any sequela [Table 2].
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Table 2: Analysis for two cases with postoperative reintubation following sugammadex use in the absence of

neuromuscular monitoring

Past history

Surgical procedure

Cause analysis

Case 1 (34 years old
male; ASA III)

Case 2 (66 years old
male; ASA II)

Myasthenia gravis

Hypertension

VATS with removal of
mediastinal tumor

Flexible ureteroscopy

Occurrence of postoperative myasthenic
crisis after administration of sugammadex

Disconnection of the intravenous line while
administration of sugammadex

ASA=American Society of Anesthesiologists; VATS=Video-assisted thoracic surgery

Case 2

A 66-year-old male, with a height of 171 cm and weight
of 89 kg, underwent an elective left side retrograde intrarenal
surgery using the flexible ureteroscope, due to suspected
urothelial cancers. He was classified as ASA physical status
IT due to a medical history of hypertension. The anesthesia
and operation proceeded uneventfully, and the hemodynamics
were stable. The duration of surgery was about 34 min, and the
total dose of rocuronium was 50 mg. At the end of the surgery,
we used sugammade x200 mg to reverse neuromuscular
function and prevent residual paralysis once spontaneous
breathing returned, however, disconnection of the intravenous
line was noted during the administration of sugammadex.
After the administration of uncertain dose of sugammadex,
the patient regained consciousness by name with spontaneous
respiration, the endotracheal tube was removed and the patient
was sent to the PACU for further care. However, dyspnea
and desaturation happened while arrival of PACU. He was
reintubated (without vocal cord edema or laryngospasm at
that time) in the PACU. After emergent treatment with another
dose of sugammade *200 mg, dyspnea and desaturation
were improved, and residual paralysis was diagnosed.
Subsequently, he was successfully extubated in the PACU and
sent to the general ward. Finally, he discharged without any
sequela [Table 2].

DISCUSSION

In the present medical center, the incidence of postoperative
reintubation following sugammadex use in the absence
of NMT monitoring was 0.03%, which was similar with
recently reported rates (0%) under sugammadex use without
NMT monitoring.>!! Our results are similar with the recent
studies*!" due to the use of 100-200 mg (24 mg/kg) of
sugammadex being the most common standard dose without
NMT monitoring in our institution. Park et al.> demonstrated
that there was no occurrence of postoperative reintubation in
patients (n = 68) receiving sugammadex in the absence of NMT
monitoring by use of sugammade x2—4 mg/kg in laryngeal
microsurgery. Iwasaki et al.'! also repoprted that there was no
occurrence of postoperative reintubation in patients (n = 952)

receiving sugammadex in the absence of NMT monitoring
by use of 200 mg of sugammadex being the most common
“standard” dose. However, Domenech et al® reported that
16% (3/19) patients receiving 2—4 mg/kg sugammadex without
NMT monitoring developed postoperative neuromuscular
blockade without mention of the incidence of postoperative
reintubation. Moreover, Kotake et al.?® reported that the risk
of train-of-four (TOF) ratio <0.9 after tracheal extubation
after 2-4 mg/kg sugammadex remains as high as 9.4% in a
clinical setting in which NMT monitoring was not used, but
no postoperative reintubation was found (n = 117). As our
two cases are uncommon (postoperative myasthenic crisis
and disconnection of intravenous line), therefore, our results
revealed that 2-4 mg/kg of sugammadex without NMT
monitoring is safe in general population.

Kao et al.” reported that 0.09% patients (n = 2164) receiving
sugammadex with NMT monitoring underwent postoperative
reintubation due to negative-pressure pulmonary edema.
Yazar et al” reported that 1.7% patients (n = 60) receiving
sugammadex with NMT monitoring underwent postoperative
reintubation. A multicenter matched cohort study conducted
by Kheterpal et al.’ reported that 0.8% (189/22,856) patients
suffered from postoperative respiratory failure and reintubation
following sugammadex use, and 70.9% (16,215/22,856) patients
were under NMT monitoring (without subgroup analysis).
Domenech et al® also reported that the use of intra-operative
NMT monitoring and sugammadex were associated with
a lower incidence of residual neuromuscular blockade
(without mention of the incidence of postoperative reintubation),
with calculated odds ratios of 0.04 and 0.18, respectively.
Accordingly, the use of NMT monitoring even when
sugammadex is used for antagonism of rocuronium-induced
neuromuscular block is recommmended.’® However, in the
current study, the incidence of postoperative reintubation were
lower (0.03%) than previously reported rates (0.09%—1.7%)
under sugammadex use with NMT monitoring.>”?’

The POPULAR study reported that 17,150 patients received
NMBAs, but in more than 10,000 of these patients, NMT
monitoring was not applied, and the extubation of their tracheas
was based solely on clinical criteria. Moreover, approximately
one-third of the patients who received NMT monitoring were
extubated with a TOF ratio <0.9.° In STRONGER study, 35.7%
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(16,336/45,712) patients did not receive NMT monitoring in
American adult patients undergoing inpatient surgery.® In this
study, there were 29.1% of patients received sugammadex
without NMT monitoring during surgery.® It is thus difficult
to state that the routine use of NMT monitoring is necessary
in general anesthesia. A more relevant conclusion should be
to reinforce the fact that while inadequate or inappropriate
NMT monitoring management, NMBAs could lead to severe
adverse events.” Cammu et al.*® showed that between 2012
and 2018, the management of NMBAs in a single-center, they
revealed that NMT monitoring use in the OR had increased
over time, however, 14% residual neuromuscular blockade
remained apparent in the PACU. Even if monitored, patients
receiving sugammadex had a TOF ratio between 0.7 and 0.9
in the PACU, it might result from the inappropriate practice
of neuromuscular blockade management.® The lack of
appropriate dosing of sugammadex and the lack of checking
the TOF ratio before extubation of the endotracheal tube could
be the reasons for the residual neuromuscular blockade in the
PACU in the abovementioned study.”® We agree that the failure
to recognize residual neuromuscular blockade could ultimately
be attributed to a failure to monitor neuromuscular blockade
or a lack of understanding of neuromuscular pharmacology.”
Accordingly, we suggest that the use of quantitative NMT
monitoring alone does not preclude residual neuromuscular
blockade and the improvements in the interpretation of NMT
monitoring may be necessary.

The most common reason for postoperative reintubation
after sugammadex use might be old age (>75 years).” In our case
1, a 34 years old patient encountered postoperative myasthenic
crisis and postoperative reintubation even after administration
sugammade %200 mg. For this high-risk patient, the use of
NMT monitoring was strongly recommmended.’® However,
no NMT monitoring was available at that time, and it was
against our principle of using NMT monitoring in patients
with neuromuscular disease.®® Finally, even under NMT
monitoring, the symptoms of postoperative myasthenic crisis
could not be improved by the administration of sugammadex
due to exhaustion of the muscles with postoperative residual
neuromuscularblockade (definedasa TOF ratio <0.9).3'3?In our
case 2, a 66 years old patient underwent reintubation due to the
disconnection of the intravenous line during the administration
of sugammadex. Thus, the patient might receive inappropriate
dose of sugammadex and suffer from postoperative residual
neuromuscular blockade, and it was an avoidable malpractice.
Inconsistently, our two cases were <75 years, and further
investigation was needed for validation of other common
reasons of postoperative reintubation after sugammadex use.

This study has a few limitations. First, the study is
a retrospective analysis in a single medical center. The
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additional, well-designed, multicentral studies are required to
investigate this phenomenon further. Second, a previous study
reported that old age patients were more likely to experience
postoperative reintubation after sugammadex use.” However,
the association between the patient’s age and postoperative
reintubation following sugammadex use is not determined
in the present study, and additional studies will be necessary
to establish the association. Finally, we did not conduct the
analysis of postoperative reintubation following sugammadex
use with NMT monitoring. In our hospital, we only use NMT
monitoring in self-paid sugammadex for high-risk patients
such as obese patients (BMI > 35),3* patients with obstructive
sleep apnea,® patients undergoing high-risk eye surgery
including keratoplasties and pars plana vitrectomies,* patients
with chronic obstructive pulmonary disease,*® and patients
with neuromuscular disease, due to lack of neuromuscular
monitoring.>® Moreover, most cases receiving sugammadex
with NMT monitoring are high-risk eye surgery patients. It
may be a confounding factor in the analysis of postoperative
reintubation following sugammadex use with NMT monitoring,
and further investigation is necessary.

CONCLUSION

This single-center retrospective study suggests that the
incidence of postoperative reintubation after sugammadex use
is very low even in the absence of NMT monitoring.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Caldwell JE, Miller RD. Clinical implications of
sugammadex. Anaesthesia 2009;64 Suppl 1:66-72.

2. Park ES, Lim BG, Lee WJ, Lee 10. Sugammadex
facilitates early recovery after surgery even in the
absence of neuromuscular monitoring in patients
undergoing laryngeal microsurgery: A single-center
retrospective study. BMC Anesthesiol 2016;16:48.

3. Kheterpal S, Vaughn MT, Dubovoy TZ, Shah NIJ,
Bash LD, Colquhoun DA, et al. Sugammadex versus
neostigmine for reversal of neuromuscular blockade and
postoperative pulmonary complications (STRONGER):
A multicenter matched cohort analysis. Anesthesiology
2020;132:1371-81.

4. Brull SJ, Kopman AF. Current status of neuromuscular
reversal and monitoring: Challenges and opportunities.



10.

11.

12.

13.

14.

15.

16.

Anesthesiology 2017;126:173-90.

Kirmeier E, Eriksson LI, Lewald H, Jonsson Fagerlund M,
Hoeft A, Hollmann M, ef al. Post-anaesthesia pulmonary
complications after use of muscle relaxants (POPULAR):
A multicentre, prospective observational study. Lancet
Respir Med 2019;7:129-40.

Blobner M, Hunter JM, Ulm K, Hollmann M.
Neuromuscular monitoring and reversal: Responses to
the POPULAR study — Authors’ reply. Lancet Respir
Med 2019;7:€7-8.

Yazar E, Yilmaz C, Bilgin H, Karasu D, Bayraktar S,
Apaydin Y, et al. A comparision of the effect of
sugammadex on the recovery period and postoperative
residual block in young elderly and middle-aged elderly
patients. Balkan Med J 2016;33:181-7.

Cammu G. Residual neuromuscular blockade and
postoperative pulmonary complications: What does the
recent evidence demonstrate? Curr Anesthesiol Rep
2020 Mar 27:1-6. doi: 10.1007/s40140-020-00388-4.
Epub ahead of print.

Phillips S, Stewart PA, Bilgin AB. A survey of the
management of neuromuscular blockade monitoring
in Australia and New Zealand. Anaesth Intensive Care
2013;41:374-9.

Naguib M, Kopman AF, Lien CA, Hunter JM,
Lopez A, Brull SJ. A survey of current management of
neuromuscular block in the United States and Europe.
Anesth Analg 2010;111:110-9.

Iwasaki H, Kurosawa A, Iida T, Sasakawa T, Kanda H.
Use of intraoperative neuromuscular monitor reduces
the reversal dose of sugammadex: A single-center
retrospective study. J Anesth 2020;34:276-80.

Grayling M, Sweeney BP. Recovery from neuromuscular
blockade: A survey of practice. Anaesthesia
2007;62:806-9.

Di Marco P, Della Rocca G, lannuccelli F, Pompei L,
Reale C, Pietropaoli P. Knowledge of residual
curarization: An Italian survey. Acta Anaesthesiol Scand
2010;54:307-12.

Fuchs-Buder T, Hofmockel R, Geldner G, Diefenbach C,
Ulm K, Blobner M. The use of neuromuscular
monitoring in Germany. Anaesthesist 2003;52:522-6.
Wu ZF, Lee MS, Wong CS, Lu CH, Huang YS, Lin KT,
et al. Propofol-based total intravenous anesthesia
is associated with better survival than desflurane
anesthesia in colon cancer surgery. Anesthesiology
2018;129:932-41.

Lai HC, Lee MS, Lin C, Lin KT, Huang YH, Wong CS,
et al. Propofol-based total intravenous anaesthesia
is associated with better survival than desflurane
anaesthesia in  hepatectomy for hepatocellular
carcinoma: A retrospective cohort study. Br J Anaesth

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Chung-Yi Wu, et al.

2019;123:151-60.

Lai HC, Lee MS, Lin KT, Huang YH, Chen JY, Lin YT,
et al. Propofol-based total intravenous anesthesia
is associated with better survival than desflurane
anesthesia in robot-assisted radical prostatectomy. PLoS
One 2020;15:€0230290.

Lai HC, Lee MS, Liu YT, Lin KT, Hung KC,
Chen JY, et al. Propofol-based intravenous anesthesia
is associated with better survival than desflurane
anesthesia in pancreatic cancer surgery. PLoS One
2020;15:¢0233598.

Lai HC, Lee MS, Lin KT, Chan SM, Chen JY, Lin YT,
et al. Propofol-based total intravenous anesthesia
is associated with better survival than desflurane
anesthesia in intrahepatic cholangiocarcinoma surgery.
Medicine (Baltimore) 2019;98:¢18472.

Huang NC, Lee MS, Lai HC, Lin HT, Huang YH,
Lu CH, et al Propofol-based total intravenous
anesthesia improves survival compared to desflurane
anesthesia in gastric cancer surgery: A retrospective
analysis. Medicine (Baltimore) 2020;99:¢20714.

Huang YH, Lee MS, Lou YS, Lai HC, Yu JC, Lu CH,
et al. Propofol-based total intravenous anesthesia did
not improve survival compared to desflurane anesthesia
in breast cancer surgery. PLoS One 2019;14:¢0224728.
Wu KL, Wu ZF, Lai MF, Huang YH, Tseng WC,
Chen JY, et al. A 10-year retrospective analysis on the
incidence of anesthesia awareness with recall in adult
patients under total intravenous anesthesia. J] Med Sci
2020;40:181-6.

Wu TS, Tseng WC, Lai HC, Huang YH, Wu ZF.
Sugammadex and laryngospasm. J Clin Anesth
2019;56:52.

Ledn Atance P, Gonzalez Aragoneses F, Moreno Mata N,
Garcia Fontan E, Leén Medina D, Naranjo GomezJ, et al.
Thymectomy in myasthenia gravis. Arch Bronconeumol
2001;37:235-9.

Domenech G, Kampel MA, Garcia Guzzo ME,
Novas DS, Terrasa SA, Fornari GG. Usefulness of
intra-operative neuromuscular blockade monitoring and
reversal agents for postoperative residual neuromuscular
blockade: A retrospective observational study. BMC
Anesthesiol 2019;19:143.

Kotake Y, Ochiai R, Suzuki T, Ogawa S, Takagi S,
Ozaki M, et al. Reversal with sugammadex in the absence
of monitoring did not preclude residual neuromuscular
block. Anesth Analg 2013;117:345-51.

Kao CL, Kuo CY, Su YK, Hung KC. Incidence
of negative-pressure pulmonary edema following
sugammadex  administration  during  anesthesia
emergence: A pilot audit of 27,498 general anesthesia
patients and literature review. J Clin Anesth

219



Sugammadex and postoperative reintubation

28.

29.

30.

31.

32.

33.

220

2020;62:109728.

Cammu GV, Klewais LR, Vandeput DM, Foubert LA.
Neuromuscular monitoring, reversal and postoperative
residual neuromuscular block: An intradepartmental
survey over the years. Anaesth Intensive Care
2020;48:73-5.

Prielipp RC, Magro M, Morell RC, Brull SJ. The
normalization of deviance: Do we (un) knowingly accept
doing the wrong thing? Anesth Analg2010;110:1499-502.
Romero A, Joshi GP. Neuromuscular disease and
anesthesia. Muscle Nerve 2013;48:451-60.

Takahashi K, Niiya T, Narimatsu E, Yamakage M.
Prospective Analysis of Sugammadex in 9 Patients with
Myasthenia Gravis. Abstract of the American Society of
Anesthesiology Annual Meeting; 2013.

Fortier LP, McKeen D, Turner K, de Médicis E,
Warriner B, Jones PM, et al. The RECITE study:
A Canadian prospective, multicenter study of the
incidence and severity of residual neuromuscular
blockade. Anesth Analg 2015;121:366-72.

Cammu GV, Smet V, Jongh KD, Vandeput D.

34.

35.

36.

A prospective, observational study comparing
postoperative residual curarisation and early adverse
respiratory events in patients reversed with neostigmine
or sugammadex or after apparent spontaneous recovery.
Anaesth Intensive Care 2012;40:999-1006.

Hafeez KR, Tuteja A, Singh M, Wong DT, Nagappa M,
Chung F, et al. Postoperative complications with
neuromuscular blocking drugs and/or reversal agents in
obstructive sleep apnea patients: A systematic review.
BMC Anesthesiol 2018;18:91.

von Quillfeldt S, Fohre B, Andrees N, Spies CD,
Galvagni D, Joussen AM, ef al. Rocuronium reversed by
sugammadex versus mivacurium during high-risk eye
surgery: An institutional anaesthetic practice evaluation.
J Int Med Res 2013;41:1740-51.

Park S, Oh EJ, Han S, Shin B, Shin SH, Im Y, ef al
Intraoperative anesthetic management of patients with
chronic obstructive pulmonary disease to decrease the
risk of postoperative pulmonary complications after
abdominal surgery. J Clin Med 2020;9:150.





