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We aim to compare the effects of sugammadex on postoperative nausea and vomiting

(PONV) with those of neostigmine–atropine mixture. A total of 136 American Society of

Anesthesiology (ASA) I or II patients, aged 18 to 65 years who underwent ear, nose,

and throat (ENT) surgery under general anesthesia, were recruited in this prospective,

randomized, double-blind study to receive either sugammadex 2 mg/kg or neostigmine

2.5mg with atropine 1mg for reversal of neuromuscular blockade. PONV scores and

the need for the rescue of anti-emetic were assessed upon arrival in the post-anesthesia

recovery unit and at 1-, 6-, 12-, and 24-h post-reversal. The incidence of PONV was

significantly lower in patients who received sugammadex (3%) compared to patients

who received neostigmine–atropine mixture (20%) at 6 h postoperative (p = 0.013). The

incidence of PONV was comparable at other time intervals. None of the sugammadex

recipients require rescue antiemetic whereas two patients from the neostigmine–atropine

group required rescue antiemetic at 1 and 6 h post-reversal, respectively. The need for

the rescue antiemetic was not statistically significant. We concluded that reversal of

neuromuscular blockade with sugammadex showed lower incidence of PONV compared

to neostigmine–atropine combination in the first 6 h post-reversal.

Keywords: sugammadex, neostigmine, postoperative nausea and vomiting, reversal of neuromuscular block, ENT

surgery

INTRODUCTION

Postoperative nausea and vomiting (PONV) are one of the most unpleasant experience for
patients undergoing surgery under general anesthesia and remains a significant problem inmodern
anesthetic practice because of the adverse consequences such as delayed recovery, unexpected
hospital admission, delayed return to work of ambulatory patients, pulmonary aspiration, wound
dehiscence, and dehydration (1).

General incidence of PONV reported is in the range of 20–30% but can increase up to 80% in
high-risk patients (2). Ear, nose, and throat (ENT) surgeries have a high incidence of postoperative
emesis when no prophylaxis is given and the occurrence of nausea or vomiting postoperatively can
worsen patients’ condition and hence delay recovery and discharge from the hospital (3).
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Neostigmine is an anticholinesterase inhibitor used to
antagonize muscle paralysis caused by non-depolarizing muscle
relaxants through the formation of carbamylated enzyme
complex causing increase in the concentration of acetylcholine at
the neuromuscular junction (4). It is known to cause bradycardia,
increase gastrointestinal motility, and increase gastric secretions
(5). Neostigmine is postulated to increase the risk of PONV
by provoking gastric spasms, lowering barrier pressure and
heighten afferent input to central vomiting center (4). There
are several types of receptor for emetogenic neurotransmitters
such as dopamine (D2) receptors, histaminic (H1) receptors,
5-hydroxytryptamine3 (serotonin) receptors, and muscarinic
cholinergic receptors (6). On this theoretical basis, cholinesterase
inhibitor (neostigmine in particular) has been associated with
increased PONV (7). Previous study has shown the neostigmine
dose of up to 2.5mg or more increased the risk for PONV (8).
However, a meta-analysis of 10 clinical studies involving 933
patients by Cheng et al. demonstrated inconclusive evidence
that neostigmine increased nausea or vomiting when given with
atropine or glycopyrrolate (9).

Sugammadex is a selective gamma-cyclodextrin drug that
terminates the action of muscle paralysis by encapsulating
aminosteroid non-depolarizing muscle relaxant (10). It is a fast-
onset drug without the muscarinic side effects of neostigmine
(11). The well-known side effects of sugammadex were nausea
and vomiting but these side effects had been shown to be well-
tolerated in adult patients (12). A meta-analysis involving 17
randomized clinical trials that recruited 1,553 patients were
unable to conclusively confirm any evidence for the differences
in PONV effects between sugammadex and neostigmine (13).
Due to these findings, we conducted this study with the aim
of comparing the PONV effects when neuromuscular blockade
was antagonized with sugammadex compared to neostigmine–
atropine combination after ENT surgery.

MATERIALS AND METHODS

This was a prospective, double-blinded, randomized clinical
study conducted at Universiti Kebangsaan Malaysia Medical
Centre (UKMMC) between November 2019 to November
2020. This study was approved by the Research Committee of
Department of Anesthesiology and Intensive Care, UKMMC as
well as the Medical Research & Ethics Committee, UKMMC
(JEP 2019-542).

Patients
A total of 136 patients aged between 18 and 65 years, American
Society of Anesthesiologists (ASA) physical status I or II
scheduled for elective ENT surgery, were recruited in the study.
Patients whowere obese (bodymass index>30 kg/m2), pregnant,
had history of PONV, Apfel score (2) more than 2, impaired
renal function (creatinine clearance <30 ml/min), required
postoperative ventilation, and allergic to any drugs used in this
study were excluded. Patients who underwent middle ear surgery
requiring nerve monitoring were also excluded from the study.

TABLE 1 | Patients and clinical characteristics. Data presented as mean ± SD or

number (percentage).

Group N (n = 68) Group S (n = 68) p-value

Age (year) 42.9 ± 13.6 39.8 ± 14.3 0.198

BMI (kg m−2 ) 25.9 ± 2.9 25.0 ± 2.6 0.066

Gender 0.732

Male 33 (49%) 35 (51%)

Female 35 (51%) 33(49%)

ASA 0.863

I 37 (54%) 39 (57%)

II 31 (46%) 29 (43%)

Apfel score 0.678

0 8 (12%) 5 (7%)

1 27 (40%) 29 (43%)

2 33 (48%) 34 (50%)

Type of surgery 0.543

Ear 10 (15%) 6 (9%)

Nose 38 (56%) 39 (57%)

Pharyngeal 20 (29%) 23 (34%)

Duration of surgery (min) 137.9 ± 70.3 129.1 ± 62.6 0.441

Morphine consumption (mg) 3.29 ± 1.50 3.62 ± 1.30 0.180

BMI, body mass index; ASA, American Society of Anesthesiologists.

Recruitment and Randomization
During preoperative assessment, patients eligible for the study
were assessed for risk of PONV using Apfel score. Patients were
then randomized using computer generated sequence to either
received neostigmine (Group N) or sugammadex (Group S).
Patients were not given sedative premedication prior to their
surgery. About 1 g of oral paracetamol was given to the patients
prior to operating theater call.

Methodology
In the operating room, all patients were monitored with
standard 3-lead electrocardiogram (ECG), peripheral oxygen
saturation (SpO2), and non-invasive blood pressure (NIBP).
Baseline pulse rate, systolic blood pressure, diastolic blood
pressure, and peripheral oxygen saturation were recorded.
Patients received crystalloid infusion of normal saline 0.9%
or Hartmann solutions throughout the surgery to replace the
loss from dehydration. All patients given general anesthesia
were preoxygenated for 3–5min, followed by administration
of intravenous (IV) fentanyl 2 mcg/kg and propofol 2 mg/kg,
and paralyzed with rocuronium 0.9 mg/kg before orotracheal
intubation. Anesthesia was maintained with sevoflurane to
achieve a minimum alveolar concentration of 1.0–1.2 in oxygen
and air in a 1:1 ratio.

All patients received prophylactic antiemetics, IV
dexamethasone 8mg on induction of general anesthesia, and IV
granisetron 1mg at the end of surgery. Intravenous parecoxib
40mg was given 30min before the end of the procedure as a part
of multimodal analgesia management. Additional analgesia of
morphine up to 0.1 mg/kg used intraoperatively was recorded.
At the end of procedure, volatile agent was terminated, and the
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patients were ventilated with 100% oxygen. Reversal agent was
administered depending on which group the patients have been
randomized to receive. Patients in Group N received neostigmine
2.5mg in combination with atropine 1mg and patients in Group
S received sugammadex 2 mg/kg at the end of surgery. Patients
were extubated after suctioning of oropharyngeal secretions and
transferred to the postanesthesia recovery unit.

Postoperative nausea and vomiting were assessed by an
investigator not involved in the intraoperative care. The
incidence of PONV and the need for rescue antiemetics were
evaluated for 24 h after surgical procedure. In the postanesthesia
recovery unit, nausea and vomiting were assessed using a 4-point
verbal descriptive scale as described in previous studies: 0 = not
nauseated, 1 = nauseated, not vomiting, 2 = nauseated, one to
two episodes of vomiting, 3= nauseated, more than two episodes
of vomiting during the observation period (13). Patients who
had vomiting of three or more episodes (PONV score of 3) were
given IV metoclopramide 10mg as rescue antiemetic. Patients
were ensured to have stable hemodynamic and adequate pain
control prior to discharge to general ward. In the ward, PONV
was monitored at 6-, 12-, and 24-h post-reversal with test drugs.
Any antiemetic drug given within the first 24 h was recorded.
Time to first oral intake that was defined as the time patients
started taking food or fluids after the surgery was also recorded.

Statistical Analysis
In the previous study by Yagan et al. (14), the incidence of PONV
was reported as 27%with neostigmine and 7%with sugammadex.
Using Schlesselman formula, 62 patients in each group would
be required to detect 20% change with 80% power and 5%
significance (α = 0.05, β =0.80). We recruited 136 patients in
this study to allow for 10% dropouts. Data collected in the study
were analyzed using SPSS for MAC version 27.0 (IBM Corp,
Armonk, NY, USA). Descriptive statistics were presented asmean
± standard deviation for continuous variable and as number and
percentage for nominal variables. Independent sample t-test was
used for age, BMI, opioid consumption, and duration of surgery.
Categorical data such as gender, ASA physical status, and rate
of PONV were tested using chi-square or Fisher’s exact test. A
p-value < 0.05 was considered as statistically significant.

RESULTS

A total of 136 patients were recruited with no dropouts. The
demographic data shown in Table 1 were comparable in both
groups. There was no statistical significance seen between both
groups in terms of PONV risk scores, type of surgery, duration of
surgery as well as total morphine consumption intraoperatively.

Table 2 shows the incidence and severity of PONV on
arrival to postanesthesia recovery unit and at 1-, 6-, 12-, and
24-h post-reversal. The incidence and severity of PONV were
statistically significant only at 6 h post-reversal (p = 0.013).
Rescue antiemetic was only required in the neostigmine group
at 1- and 6-h post-reversal. The need for rescue PONV was
not statistically significant. All patients that scored at least
one episode of vomiting in the neostigmine group received
neostigmine dose of <45 µg/kg and had received similar

TABLE 2 | Incidence and severity of PONV in groups. Data presented as number

(percentage).

Group N (n = 68) Group S (n = 68) p-value

On arrival to recovery area 0.381

PONV SCORE 0 35 (52%) 41 (60%)

1 28 (41%) 25 (37%)

2 5 (7%) 2 (3%)

3 0 (0%) 0 (0%)

1h post-reversal 0.158

PONV SCORE 0 35 (52%) 38 (56%)

1 26 (38%) 28 (41%)

2 5 (7%) 2 (3%)

3 2 (3%) 0 (0%)

6h post-reversal 0.013*

PONV SCORE 0 54 (80%) 66 (97%)

1 8 (11%) 2 (3%)

2 4 (6%) 0 (0%)

3 2(3%) 0 (0%)

12h post-reversal 0.500

PONV SCORE 0 66 (97%) 67 (99%)

1 2 (3%) 1 (1%)

2 0 (0%) 0 (0%)

3 0 (0%) 0 (0%)

24h post-reversal 1.000

PONV SCORE 0 68 (100%) 68 (100%)

Timing of first oral intake 0.220

Less than 6 h 63 (93%) 66 (97%)

More than 6 h 5 (7%) 2 (3%)

0 = no nausea or vomiting, 1 = nauseated, no vomiting 2 = nauseated, one or two

episodes of vomiting, 3 = nauseated, more than two episodes of vomiting.
*p < 0.05 is statistically significant.

amount of morphine intraoperatively (0.05mg/kg). There was no
vomiting noted in either group from 12 h post-reversal onward.
None of the patients had PONV by 24 h post-reversal. Time
to first oral intake was comparable between both groups. All
patients had minimal pain in the first 24 h post-reversal.

DISCUSSION

Nausea and vomiting occur more commonly following middle
ear or nasal surgery, and least frequently after pharyngeal surgery
(15). The incidence of PONV is reported as 62–80% after middle
ear surgery and 34–65% after nasal surgery without prophylactic
antiemetic medication (16). The higher incidence of PONV
in ENT surgery was likely due to the sensory stimulation of
the ophthalmic and maxillary divisions of trigeminal nerve in
the nose, vagal stimulation from head and neck region, and
stimulation of afferent fibers of the vestibular apparatus (15).

Despite middle ear surgery being more emetogenic, our study
did not report any severe PONV in either group. Patients who
reported severe PONV and required rescue antiemetic at first
hour post-reversal were both women in their 30s and underwent
nasal (trans-sphenoidal surgery for cerebrospinal fluid leak) and
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pharyngeal (tonsillectomy) surgery, respectively. Another two
patients who needed rescue antiemetic within 6 h post-reversal
were in their 30s, one of whom was a woman. Both of them
had nasal (septoturbinoplasty) and pharyngeal (tonsillectomy)
surgery, respectively as well. We found that all 4 patients had
received pharyngeal throat pack insertion during the procedures,
and we postulated that the pharyngeal packing may have caused
pharyngeal mucosal trauma leading to discomfort and exacerbate
PONV (16).

In our study, the average incidence of PONV between 0
and 1 h postoperative was 48% for neostigmine and 40–44%
for sugammadex recipients which was comparable between both
groups. The rate of PONV in both groups showed similar pattern
of decline over time with none of the patients having PONV by
24 h post-reversal. The higher PONV rate for both groups in the
early postoperative period in our study was likely attributed to
the effects of volatile anesthesia. In a randomized controlled trial
by Apfel et al. (17) it was shown that volatile agent was pro-
emetogenic and was considered the primary cause of early PONV
(0–2 h) with no impact on delayed PONV (2–24 h). As ENT
surgery is an emetogenic procedure, prescribing 2 prophylactic
antiemetics in our study to mitigate the incidence of PONV
have likely reduced the rate of delayed PONV seen in our
study (18). Using a combination of dexamethasone and serotonin
antagonist, the ability to reduce PONV has been shown to be
greater than a single antiemetic agent since these antiemetics
act at different receptors (18, 19). Studies have shown that
dexamethasone is effective against late PONV (20). In a study
done by Rajeeva et al. (21) it was shown that delayed vomiting was
better controlled, and nausea score was lesser with combination
of ondansetron 4mg and dexamethasone 8mg in female patients
who underwent laparoscopic gynecology surgery.

In our study, sugammadex showed significantly less incidence
of PONV (3%) compared to neostigmine (20%) at 6 h
post-reversal. Theoretically, the short duration of action of
neostigmine should not give rise to PONV beyond the first hour
postreversal. However, cholinesterase inhibitors may decrease
esophageal sphincter pressure and increase the secretion of
stomach fluid and intestinal movement (7). Unlike what was
found in our study, Yagan et al. (14) demonstrated that
sugammadex 2 mg/kg showed significantly lower incidence of
PONV (8%) compared to neostigmine 50 µg /kg with atropine
in the first hour post-operative and less antiemetic used in 24 h of
monitoring in a mixed surgical population. The higher incidence
for PONV between 0 and 6 h in both of our groups compared
to Yagan et al. (14) could be due to the longer duration of
surgery in our study averaging 130min compared to 50min
by Yagan et al. (14). A total of one patient in our study who
had severe PONV from 1 h until 6 h post-reversal was found
to have a longer duration of nasal surgery (4.5 h compared
to 2 h in average for other patients). Apfel et al. (17) had
also demonstrated a strong dose–response relationship between
duration and use of volatile anesthesia which is pro-emetogenic.
It has been established that an increase in surgery duration may
increase the incidence of PONV whereby each 30-min increase
in duration increases PONV risk by 60%, so that a baseline risk
of 10% is increased to 16% after 30min (22). Tas Tuna et al.

(23) reported no significant difference in the incidence of PONV
at all time intervals between patients receiving neostigmine 40
µg /kg (with atropine) vs. patients receiving sugammadex 2
mg/kg undergoing laparoscopic cholecystectomy (24). In their
study, none of their patients received antiemetic prophylaxis.
Similarly, Paech et al. (23)also found no significant difference in
PONV between sugammadex 2 mg/kg and neostigmine 40µg/kg
in patients undergoing laparoscopic gynecological procedure.
In their study, their patients only received one prophylactic
antiemetic (dexamethasone 4mg) and ondansetron was not
given routinely. Instead of atropine, glycopyrrolate was used in
combination with neostigmine as reversal agent. In a study by
Chhibber et al. (25), neostigmine with atropine was found to be
associated with less incidence of PONV compared to neostigmine
with glycopyrrolate due to the central anticholinergic action
of atropine on antiemesis effect. Similarly, Cheng et al. also
found that atropine was associated with a statistically significant
decreased risk for PONV compared to glycopyrrolate (9).

Conflicting findings have been reported by several clinical
studies regarding the dose of neostigmine used as reversal agent
and its relationship with PONV. Koyuncu et al. (5) compared
the effects of neostigmine 70 µg/kg and sugammadex 2 mg/kg
on PONV in 100 patients undergoing extremity surgery. In their
study, patients were not prescribed intraoperative antiemetic,
but the author demonstrated that PONV scores were lower
only upon arrival in post-anesthesia care area in patients who
received sugammadex. PONV was observed in 60% of patients
assigned to sugammadex compared to 58% of those that received
neostigmine during the initial 24 h postoperative. Higher dose of
neostigmine compared to conventional dose of 50 µg/kg might
be a contributory factor. Some pieces of literature have linked
the higher dose of neostigmine to be a causative factor of PONV
(26). High dose of neostigmine (>2.5mg) is associated with
increased PONV (8). Løvstad et al. (27) investigated the effects
of neostigmine 50 µg /kg to placebo on PONV on patients with
laparoscopic gynecology and found significant increase in PONV
during the first 6 h postoperative. In our study, neostigmine was
given in a standard dose of 2.5mg (average of 36 µg/kg). Even
though the dose of neostigmine received by patients in our study
was lower than the dose used in the previous studies, none
of our patients reported any residual paralysis postoperatively,
and a study by McCourt et al. showed that neuromuscular
blockade induced by rocuronium can be safely antagonized using
a neostigmine dose as low of 35 µg/kg (28).

Reducing modifiable risk factors can significantly decrease the
rate of PONV. However, clinicians rarely consider the risk of
PONV when choosing reversal agents because residual paralysis
is a more common concern than PONV. In terms of health
economics, Parra-Sanchez et al. performed a comprehensive
economic analysis of PONV in patients undergoing ambulatory
surgery and they reported an incremental hospital expenditure
of $75 per patient which was comparable to the cost that patients
would be willing to pay to avoid PONV (29). In a cost analysis
study done by Hurford et al. (30), sugammadex would only be
a cost-saving strategy in comparison with neostigmine only if
neostigmine cost exceeding $84 and a very high likelihood of
PONV (30). The conclusion from the study is that they do not
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support the routine use of sugammadex in patients as a strategy
to reduce PONV.

Our study is limited by the fact that it was a single-center
study in Malaysia. Also, a shorter assessment time interval within
the first 6 h postoperative may be needed to ascertain the peak
of PONV due to the short duration of action of neostigmine.
Another limitation was that we did not measure any objective
biochemical parameters of PONV such as C-reactive protein,
ketones, and aldehydes.

CONCLUSION

Our study showed that there was significantly less PONV at
6 h post-reversal with sugammadex compared to neostigmine–
atropine mixture. We do not advocate the routine use of
sugammadex as a means of reducing PONV due to the cost.
However, sugammadex when used as a reversal agent in selected
cases when poor reversal may be a concern confers the added
benefit of reducing PONV, and these dual benefits may far
outweigh the cost which cannot be reflected in this study.
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