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Post-operative residual curarization (PORC) is one 
of anesthesia’s most important post-operative com-

plications. PORC occurs when the effects of muscle re-

laxants partially persist in the spontaneously breathing 
extubated patient [1]. PORC delays anesthesia recovery, 
possibly resulting in aspiration of stomach contents, re-

ABSTRACT
OBJECTIVE: The purpose of our study was to compare the recovery characteristics and side effects of sugammadex (SM) 
and neostigmine (NT) in morbidly obese patients undergoing bariatric surgery. Residual neuromuscular block is a serious 
condition that increases pulmonary complications after anesthesia. Although acetylcholinesterase inhibitors help reverse this 
block, they may be insufficient, especially when administered with inhalational anesthetics. SM, a selective antagonist, may 
be more effective in reversing the block.

METHODS: Patients were randomly divided into NT group (Group NT, n=34) and SM group (Group SM, n=34).For the induction, 
fentanil (1–1.5 µ/kg), propofol (2–3 mg/kg), and rocuronium (0.6 mg/kg) were used.For the maintenance, 50% O2 + air, 1% 
sevoflurane, and remifentanil (0.5–0.3 µg/kg/min) were used. Additional rocuronium was given to maintain the train of four (TOF) 
ratio ≤2. On completion of surgery and when the TOF ratio was 2, group NT received 50 µg/kg of NT with 20 µg/kg of atropine, 
whereas group SM received 2 mg/kg of SM. Hemodynamic parameters and peripheral oxygen saturation (SpO2) were recorded 
every 10 minfirst, and every 5 min after the reversal agents were given. When the TOF ratio was 0.9 or higher, time to reach a TOF 
ratio of 0.9, and time to extubation were recorded. Patients were observed in the recovery room for 30 min for adverse effects.

RESULTS: Demographic characteristics of the patients and total rocuronium use in two groups were similar (p>0.05).Time to ex-
tubation, time to TOF ratio of 0.9, time until patients responded to stimuli, time until cooperation, and time until orientation were 
significantly shorter in the SM group than in the NT group. Time to reach the Aldrete score of 9 was also significantly shorter in the 
SM group (p<0.05).In the post-operative period, hemodynamic variables and side effects such asrespiratory difficulty, nausea, 
vomiting, hypo/hypertension, and presence of pain showed no statistically significant differences between the groups (p>0.05).

CONCLUSION: Considering the high risk of post-operative respiratory insufficiency inmorbidly obese patients, SM could be 
a safer choice in this patient group.
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spiratory failure, hypoxia, and even cardiopulmonary 
arrest. Airway control becomes more difficult and func-
tional residual capacity is lower with increasing weight in 
morbidly obese patients. PORC increases with age and 
its rate is further increased with obesity [2].

In morbidly obese patients receiving neostigmine 
(NT) to reverse the effects of muscle relaxants, it is 
known that muscle relaxants sequestrated in fat tissue 
are reintroduced into the bloodstream after the antidote 
is cleared, thereby causing respiratory insufficiency. NT 
has important adverse effects including bradycardia and 
increased secretions [3].

Sugammadex (SM), which was developed selectively 
against aminosteroid neuromuscular blockers, rocuro-
nium, and vecuronium, was a cyclodextrin composed 
of eight glucose monomers arranged cylindrically. In 
blood plasma, one SM molecule mechanically binds 
one rocuronium or vecuronium molecule and thus de-
creases their plasma concentrations. This forms a gradi-
ent-causing transit of rocuronium and vecuronium from 
all extravascular spaces toward the blood, allowing for 
speedy elimination and decurarization. Recurarization 
or muscarinic adverse effects are not expected in decu-
rarization of such a mechanism. It is suggested that the 
selective binder of rocuronium and vecuronium, SM, 
does not leave a residue [4].

The purpose of our study was to compare the effects 
of two antidotes in terms of the time to reach a trainof-
four (TOF) ratio of 0.9, post-operative recovery prop-
erties, post-operative respiratory complications, and 
adverse effects in morbidly obese patients undergoing 
bariatric surgery.

MATERIALS AND METHODS

The study was conducted with 68 morbidly obese pa-
tients who were aged 18–65 years, had American soci-
ety of anesthesiologist physical status scores of I to III, 
and underwent elective laparoscopic bariatric surgery 
between September 25, 2014, and March 25th, 2015, at 
the General Surgery Clinics of Haydarpasa Numune 
Training and Research Hospital, University of Health 
Sciences, Istanbul.

The study was approved by our hospital’s ethical 
board (decision no. AEK 2014/KK77) and conducted 
according to the Helsinki ethical principles for medical 
research involving human subjects. Each patient gave 
written consent for inclusion in the study. Simple ran-

domization placed 34 patients in the NT group and 34 
patients in the SM group.

Patients with a body mass index (BMI) >35 kg/m2, 
aged 18–65 years, and undergoing bariatric surgery un-
der general anesthesia with an expected surgical time 
under 120 min were included in the study. Exclusion 
criteria were BMI under 35 kg/m2, having known drug 
allergy, muscle disorders, organ insufficiency, and age un-
der 18 or above 65 years.

Patients were premedicated with 0.5 mg of atropine 
intramuscular (IM) and 10 mg of diazepam IM 30 min 
before the operation. In the operation room, all patients 
were under electrocardiography, non-invasive blood 
pressure, and peripheral oxygen saturation monitoring. 
An acceleromyograph device (TOF Watch SX) was set 
up to stimulate the ulnar nerve to evaluate neuromus-
cular blockage. An intravenous (IV) line was placed in 
the hand with an 18–20 G cannula. Fentanyl (1–1.5 µ/
kg) and 2–3 mg/kg of propofol were administered. For 
muscle relaxation, 0.6 mg/kg of rocuronium was given 
following TOF calibration. The patient was intubated 
when the TOF reading was zero. For anesthesia main-
tenance, 50% O2 + air, 1% sevoflurane, and 0.5–0.3 µg/
kg/min of remifentanil were given. Additional rocuro-
nium was given if necessary to maintain the TOF ratio 
≤2. On completion of surgery and when the TOF ra-
tio was 2, group NT received 50 µg/kg of NT with 20 
µg/kg of atropine, whereas group SM received 2 mg/kg 
of SM (Bridion®, Merck Sharp and Dohme-MSD, The 
Netherlands). Inhaled anesthetics and remifentanil were 
stopped only after TOF measurements were complete 
to prevent possible pain. Thirty milligrams of tenoxicam 
and 1 g of paracetamol were given IV 30 min before the 
end of the operation for post-operative analgesia. No 

Highlight key points

• Times to extubation, TOF ratio of 0.9, respond the ver-
bal stimuli, cooperation, and orientation were significantly 
shorter in the SM group than in the NT group

• Time to reach the Aldrete score of 9 was significantly shorter 
in the SM group

• In the post-operative period, hemodynamic variables and 
side effects such as respiratory difficulty, nausea, vomiting, 
hypo/hypertension, and presence of pain showed no statis-
tically significant differences between the groups

• Considering the high risk of post-operative respiratory in-
sufficiency with morbid obese patients, SM could be a safer 
choice in this patient group.
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narcotic analgesics were given. Peak heart rate (PHR), 
mean blood pressure, and peripheral capillary oxygen 
saturation (SpO2) were measured at 5, 10, 20, 30, 45, 
60, 75, and 90 min beginning from anesthesia induction. 
For TOF measurements, the device was calibrated after 
induction with propofol and before administration of 
rocuronium. Time was kept after rocuronium injection 
(0 min). TOF was measured with four supramaximal 
stimuli of 2 Hz every 0.5 s with the device’s automatic 
measurement mode until intubation. Time to intubation, 
start of surgery, and end of surgery were recorded. Time 
to intubation was measured as the time from calibration 
to a TOF of zero. After surgery and when the TOF was 
2, the timer was reset. The TOF device was again set to 
15-s automatic measurement mode. Heart rate, mean ar-
terial pressure (MAP), and SpO2 were recorded at 0, 5, 
10, 15, and 20 min. TOF recordings were stopped when 
the TOF ratio was 0.9 or higher. Anesthesia maintenance 
was stopped when the TOF ratio was 0.9. After comple-
tion of surgery, beginning from the reset time, time to 
reach a TOF ratio of 0.9, and time to extubation were 
recorded. Patients were observed in the recovery room 
for 30 min for adverse effects (nausea, vomiting, blurred 
vision, and others). Those with Aldrete scores ≥9 were 
transferred to the ward.

Statistical Analysis
To provide an alpha of 0.05 and power of 80%, we decid-
ed to include 68 patients.

The number cruncher statistical system 2007 (Kays-
ville, Utah, USA) was used for statistical analysis. Be-
sides descriptive statistics (mean, standard deviation, 
median, frequency, ratio, minimum, and maximum), 
incomparison of quantitative data, Student’s t-test 
was used for parameters with normal distribution and 
Mann–Whitney U test was used for parameters with-
out normal distribution. For the comparison of qualita-
tive data, Pearson’s Chi-square test, Fisher’s exact test, 
and Yates’s continuity correction test were used. Signif-
icance was set at p<0.01 or p<0.05.

RESULTS

The ages of the patients ranged between 20 and 60 
years with a mean of 39.56±10.97 years. Age, height, 
BMI, duration of anesthesia, and operative times 
showed no statistically significant differences between 
the groups (p>0.05) (Table 1).

There was no significant difference in terms of mea-
surements of total rocuronium use between the groups. 
Time to extubation, time to TOF ratio of 0.9, time un-
til patients responded to stimuli, time until cooperation, 
and time until orientation were significantly shorter in 
the SM group than in the NT group. The time to an Al-
drete score of 9 in the SM group was significantly shorter 
than in the NT group (Table 2).

The MAP and PHR of the patients after induc-
tion, intubation, ending of anesthesia, and extubation 
showed no statistically significant difference between 
the groups (p>0.05).

Post-operative respiratory insufficiency, nausea, vom-
iting, hypotension, hypertension, and presence of pain 
showed no statistically significant difference between the 
groups (p>0.05) (Table 3).

DISCUSSION

Bariatric operations are short and widespread inter-
ventions with short lengths of stay. The morbidly obese 
patient group brings risk of anesthetic redistribution 
and longer time of post-operative anesthetic recov-
ery [5, 6]. A higher incidence of PORC in morbidly 
obese patients has been shown in literature [1, 2], thus 
it is important to prevent PORC in this population, 
which already has high risk of post-operative respira-

 Group NT Group SM p 
 (n=34) (n=34)

Age (years)   
Min–Max (median) 22–59 (38) 20–60 (38) a0.476
Weight (kg)   
Min–Max (median) 105–191 (127) 91–175 (123) b0.068
Height (cm)   
Min–Max (median) 150–195 (160) 151–180 (165) b0.389
BMI (kg/m2)   
Min–Max (median) 40–57 (48) 36–58 (45.2) b0.156
Anesthesia duration (min)   
Min–Max (median) 60–160 (110) 57–240 (120) b0.116
Operation time (min)   
Min–Max (median) 50–140 (95) 45–230 (100) b0.311

NT: Neostigmine; SM: Sugammadex; a: Student t-test; b: Mann-Whitney U test; 
*: P<0.05.

Table 1. Demographiccharacteristics of groups
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tory complications. One of the most important factors 
in PORC prevention is effective decurarization. NT is 
a cholinesterase inhibitor used for antagonizing neu-
romuscular blockers and has the undesired adverse 
effects of bradycardia, increased secretions in airways, 
and bronchospasm [7, 8]. In addition, studies have 
shown that time to a TOF ratio of 0.9 is longer with 
NT in morbidly obese patients compared with patients 
of normal weight [9].

Geldner et al. [10] compared SM and NT in differ-
ent depths of neuromuscular blockage in their study 
conducted with 140 patients undergoing laparoscopic 
surgery. In all depths, including deep neuromuscular 
blockage, SM was found to have a faster effect.

Gaszynski et al. [11] compared SM and NT in mor-
bidly obese patients and found SM to be preventive 
against post-operative residue, and safe in morbidly 
obese patients, whereas NT had several adverse effects 
such as needinglonger times for neuromuscular blockage 
reversal. In their study on bariatric surgery in obese pa-
tients, Carron et al. [12] stressed faster recovery times 
with SM than with NT and that SM could be preferred 
in this patient group.

With faster recovery times shown with SM in bar-
iatric surgery, other studies on other surgeries and short 
interventions documented parallel results [13, 14]. 
Kara et al. [15] compared SM and NT in 80 pediatric 
outpatients aged between 2 and 12 years. SM was giv-
en at a dose of 2 mg/kg and NT 30 µg/kg. Similar to 
our study, the authors found significantly shorter time 
to a TOF ratio of 0.9 and time to extubation with SM. 
Ammar et al. [16] also found similar results with 60 
patients of the same age group.

Schepens et al. [17] used EMG to investigate the effects 
of NT and SM on the diaphragm and observed SM to be 
considerably more effective in restoring diaphragm activity. 
Same authors designed a second study with the hypothesis 
that NT could potentiate the effects of SM. In that study, 
one group received NT only, one group received SM only, 
but the third group received SM 3 min after NT. Both di-
aphragm and intercostal muscular restorations were inves-
tigated using EMG. The striking result of the study was 
that diaphragm EMG recovery was better in the group 
that received SM alone than in the other two groups [18].

In a study, SM was found have lower incidence of 
post-operative residual blockage, radiologic atelectasis, and 
pneumonia within 30 days compared to NT [19]. Llauradó 
et al. [20] reported less post-operative chest X-ray changes 
with SM, but no difference in post-operative mechanical 
ventilation requirement in their study that compared SM 
and NT in 160 patients undergoing bariatric surgery.

  Group NT (n=34) Group SM (n=34) bp

Total rocuronium (mg) Min–Max(median) 100–140 (120) 90–150 (130) 0.340 
Time to extubation (min) Min–Max (Median) 1–25 (5) 1–14 (3) 0.001** 
Time to TOF ratio of 0.9 (min) (n=68) Min–Max (Median) 3–15 (6) 1–14 (3) 0.001**
Time until response to verbal stimuli (min) Min–Max (Median) 2–17 (6) 1–16 (4) 0.001**
Time until cooperation (min) (n=68)  Min–Max (Median) 3–19 (7) 1–9 (4) 0.001**
Time until orientation (min) Min–Max (Median) 4–20 (10) 1–18 (5) 0.001**
Time to Aldrete score = 9 (min) (n=68) Min–Max (Median) 1–15 (6) 1–15 (4) 0.001**

TOF: Trainoffour; NT: Neostigmine; SM: Sugammadex; b: Mann-Whitney U test; **: P<0.01.

Table 2. Recovery properties of groups

 Group NT Group SM p 
 (%) (%)

Respiratory insufficiency 23.5 11.7 c0.691
Nausea 20.5 14.7 c0.999
Vomiting 2.9 0 d0.999
Hypotension 0 2.9 d0.426
Hypertension 44 26 c0.706
Pain 14.7 20.5 c0.374

NT: Neostigmine; SM: Sugammadex; c: Yates’s continuity correction test; d: 
Fisher’s exact test.

Table 3. Post-operativeadverseeffects of groups
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Unal et al. [21] compared SM and NT as antidotes in 
74 patients with an average BMI of 28 kg/m2 undergoing 
surgery for obstructive sleep apnea syndrome (OSAS). 
Anesthesia was maintained with desflurane. SM was 
given at a dose of 2 mg/kg and NT 40 µg/kg, together 
with 0.5 mg of atropine. Time to TOF ratio of 0.9 was 2 
min in the SM group and 8 min in the NT group, with a 
significant difference, similar to our study. Again, similar 
to our results, the rate of post-operative bradycardia was 
higher in the NT group. Unal et al. [21] found higher 
incidences of post-operative respiratory complications 
in all groups and especially in the NT group, which was 
different from the results of our study.

The results of Unal et al. [21] differed from ours in 
that they observed more post-operative respiratory sys-
tem complications in general, with higher rates in the 
NT group. We believe that the disparity between their 
results and ours can be accounted for by the fact that the 
surgery in their study concerned the upper respiratory 
tract and the patients had OSAS. Nevertheless, their re-
sults were valuable because they studied a specific group 
of patients with OSAS and showed less post-operative 
complications with SM.

Our results showed no difference in terms of rates 
of nausea and vomiting between the two groups, sim-
ilar to the study of Geldneret al. [10]; however, some 
studies have shown this rate to be lower in patients on 
SM [22, 23].

High doses of NT are insufficient for reversal of block 
after high dose rocuronium use. Even if the first applica-
tion is effective, the duration of action will be shorter af-
ter reaching the effect, and recurrence may be seen in the 
resulting neuromuscular blocker encounter. Therefore, 
the total dose of rocuronium used will affect reversal of 
the neuromuscular block. In our study, no significant dif-
ference was found between the two groups in terms of 
total rocuronium dose (Table 2, p=0.340>0.01]. Total 
rocuronium dose used in the study by Carron et al. [12] 
did not show a significant difference between the two 
groups, similar to our study.

Conclusion
Recovery is faster with SM than with NT in morbidly 
obese patients following bariatric surgery, and the two 
agents are not significantly different in terms of adverse 
effects. Considering the high risk of post-operative respi-
ratory insufficiency inmorbidly obese patients, SM could 
be a safer choice in this patient group.
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