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Background: Neuromuscular block (NMB) monitoring and use of reversal agents acceler-

ate the recovery time and improve the workflow in the operating room. We aimed to compare 

recovery times after sugammadex or neostigmine administration, and estimate the time spent 

in operating theater and the possible economic impact of a faster recovery, in morbidly obese 

patients undergoing bariatric surgery.

Methods: We conducted a retrospective study that analyzed data from records of morbidly 

obese patients (body mass index >40 kg/m2) undergoing elective laparoscopic bariatric surgery 

in which sugammadex or neostigmine were used to reverse NMB. Patients were divided in 

two groups: group 1 (sugammadex group [SUG]) received rocuronium and sugammadex for 

reversal and group 2 (neostigmine group [NEO]) received either rocuronium or cisatracurium 

and neostigmine. Data are presented as mean (standard deviation).

Results: Compared with NEO, SUG group showed shorter times to achieve train-of-four ratio 

of 0.9 (P<0.05) and an Aldrete score of 10 (P<0.05), a higher cost (€146.7 vs €3.6 [P<0.05]), 

plus a remarkable less duration of operating theater occupancy (P<0.05). Sugammadex cost 

accounted for 2.58% of the total cost per surgery, while neostigmine cost accounted for 0.06%. 

Total time saved in SUG group was 19.4 hours, which could be used to perform 12 extra lapa-

roscopic sleeve gastrectomies.

Conclusion: Reversal from NMB was significantly faster with sugammadex than with neostig-

mine. Although sugammadex was substantially more expensive, duration of operating theater 

occupancy was reduced with potentially workflow increase or personnel reduced cost.

Keywords: PORC, pharmacoeconomics, laparoscopic surgery, reversal agents

Introduction
In Western countries, obesity, defined as a body mass index (BMI) ≥30 kg/m2, is 

reaching the proportions of an epidemic.1,2

Lifestyle interventions are seldom associated with long-lasting results.3 Accord-

ingly, requests for bariatric surgery have dramatically increased in recent years,4 with 

the majority of the procedures performed through laparoscopic approach, which is 

a valid option to open surgery and demonstrated to reduce major complications.5 In 

Italy, 11,483 bariatric surgeries have been performed in 2015, with a laparoscopic 

approach in 97% of cases.6

On the other hand, perioperative management of morbidly obese patients is undoubt-

edly challenging for anesthesiologists. General anesthesia and paralysis may cause 

respiratory impairment. Nevertheless, neuromuscular blockade may be important 

during laparoscopic surgery in order to optimize ventilation and maintain an adequate 
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pneumoperitoneum.7 Nonetheless, correct dosing of nondepo-

larizing neuromuscular blocking agents should be calculated 

according to ideal body weight in order to avoid extended 

duration of action8–10 and postoperative residual curarization 

(PORC). Anesthesia provider should promote a reliable and 

full recovery from neuromuscular blockade after surgery. 

PORC may potentially induce adverse respiratory events11 

and its frequency is often underrated: ~30% of all patients 

receiving a neuromuscular blocking drug show signs of 

impaired activity and coordination of the pharyngoesopha-

geal muscles, and this may result in an increased incidence 

of complications after anesthesia.11 Close monitoring of 

neuromuscular function has been recognized as an effective 

way to lower the occurrence of PORC and related pulmonary 

complications.11–13 PORC increases the risk of critical respira-

tory events,11 due to an impaired activity and coordination of 

the pharyngoesophageal muscles.14,15 A train-of-four (TOF) 

ratio <0.9 has shown to be associated with a heightened risk 

of pulmonary complication.14,15 In addition, neuromuscular 

blocking agents smooth the ventilatory response to hypoxia, 

and may increase the risk of respiratory impairment.16 Accord-

ingly, use of antagonists, either acetylcholinesterase inhibitor 

(AChEI) or sugammadex, is strongly recommended when 

there is evidence of an incomplete recovery from neuromus-

cular blockade (TOF ratio <0.9).17

To monitor neuromuscular blockade, anesthesiologists 

may use acceleromyography-based monitoring. A TOF 

ratio of 1.0 represents complete recovery from paralysis, 

while residual neuromuscular block (NMB) is defined as a 

TOF ratio of <0.9; the latter is associated with impairment 

in swallowing, airway obstruction, and heightened risk of 

gastric content aspiration.14,15

In this study, we analyzed and compared the costs and the 

recovery times after sugammadex or neostigmine administra-

tion, and estimated the time of operating theater occupancy 

(time from “starting anesthesia” to when the patient was 

transferred to the postanesthesia care unit [PACU]), in mor-

bidly obese patients undergoing bariatric surgery.

Materials and methods
After obtaining ethical committee approval (University of 

Naples Federico II – 188/13), we conducted a retrospective 

analysis by searching in the hospital database, using the Interna-

tional Classification of Diseases 9th Revision code for bariatric 

surgery. Due to the retrospective nature of the study, the local 

ethics committee (University of Naples Federico II) did not find 

it necessary to obtain specific written informed patient consent.

Patients were considered eligible, if they conformed 

to the following inclusion criteria: age >18 and <45 years, 

BMI ≥40 kg/m2, and American Society of Anaesthesiolo-

gists class III, and no planned intensive care unit admission. 

Exclusion criteria were the planned or unplanned admission 

to intensive care unit, surgery lasting more than 3 hours, 

redo surgery (second bariatric surgical intervention with a 

more efficacious effect on weight loss), extremely morbidly 

obesity (BMI >60 kg/m2). Other exclusion criteria were the 

presence of comorbid conditions such as neuromuscular 

disorders, liver or renal dysfunction, and history of malignant 

hyperthermia.

The following anesthesiological procedure is the standard 

protocol in our institution: induction of general anesthesia is 

performed administering propofol 1–2 mg/kg and remifen-

tanil 0.25–0.5 µg/kg/min and maintained with sevoflurane 

and remifentanil 0.15–0.3 µg/kg/min. Standard monitoring 

consists of five-lead electrocardiography, pulse oximetry, 

end-tidal carbon dioxide, and noninvasive blood pressure 

monitoring. Neuromuscular monitoring is performed using 

acceleromyography (TOF-Watchw SX and TOF-Watch 

SX Monitoring Program, Organon Ireland Ltd., Dublin, 

Ireland), evaluating TOF at the adductor pollicis muscle. 

Neuromuscular blockade is obtained with either rocuronium 

1.2 mg/kg or cisatracurium 0.2 mg/kg. Maintenance doses of 

rocuronium 0.15 mg/kg or of cisatracurium 0.03 mg/kg are 

given as required to keep the neuromuscular blockade depth 

at 15% of first twitch (T1). Patients receive rocuronium or 

cisatracurium based on ideal body weight.18

At the end of surgery, sugammadex 2.0 mg/kg as a single 

dose or neostigmine 50 µg/kg plus atropine 0.01 mg/kg is 

given at the reappearance of two twitches on the TOF record-

ing. Patients are extubated in the operating room (OR) when 

a TOF ratio of 0.9 is achieved and then transferred to the 

recovery room. In the recovery room, vital parameters and 

Aldrete score are recorded.

Data for analysis were retrieved from clinical charts, 

anesthesia charts, and PACU records.

Our primary end point was comparing the latency to 

achieve a TOF ratio >0.9 after reversal agents administra-

tion, the mean time to achieve an Aldrete score of 10, and 

the cost associated with these drugs. Our secondary end 

points were to evaluate the duration of operating theater 

occupancy, to identify the incidence of postoperative 

desaturation in PACU, and to evaluate the length of stay 

in hospital.

Data are presented as mean (standard deviation) and 

were compared using the Wilcoxon rank sum test or Mann–

Whitney U test. A P<0.05 was considered to be statistically 

significant. The statistical analysis was performed using SPSS 

for Windows, Version 10.1 (SPSS Inc., Chicago, IL, USA).
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Results
The overall number of elective laparoscopic bariatric sur-

gery performed in our institution (University of Naples 

Federico II) from 2009 to 2013 was 321.

In our analysis, we included 99 patients who fulfilled 

inclusion criteria, allocating them in one of the two groups: in 

group 1 (n=50 – SUG), rocuronium administration was used 

for neuromuscular paralysis and sugammadex was used for 

reversal; in group 2 (n=49 – NEO), rocuronium (35 patients) 

or cisatracurium (14 patients) were used for neuromuscular 

paralysis and neostigmine for reversal. Table 1 presents the 

characteristics of the patients and surgery. Duration of surgeries 

was not significantly different between the two groups (Table 2).

In the SUG group, the mean recovery time from reversal 

administration to a TOF ratio ≥0.9 was quicker than in NEO 

group (1.4 [0.4] minutes vs 26.4 [5.9] minutes, P<0.05) and 

all patients who received sugammadex recovered to a TOF 

ratio >0.9 within 5 minutes from its administration. SUG 

group experienced a remarkable less duration of operating 

theater occupancy (time from starting anesthesia till time 

that the patient was transferred to the PACU) compared with 

NEO (93.3 [54] minutes vs 116.6 [67] minutes, P<0.05). 

The mean time to obtain an Aldrete score of 10 (indicat-

ing that these patients were ready to be discharged from 

PACU) was 16 (1.8) minutes in SUG group and 21.8 (2.8) 

minutes in NEO group (P<0.05). There were no significant 

differences in SpO
2
 at PACU admissions or discharge and 

in length of stay in hospital between the two groups.

The sugammadex dose used to reverse neuromuscular 

paralysis was 258.8 (58.4) mg (Table 2), and the mean cost 

per treatment was €146.7. In NEO group, the mean dosage 

to reverse neuromuscular paralysis was 6.4 (0.9) mg and the 

calculated cost per treatment was €3.6.

Our health system assigns for the three bariatric procedures 

we included in our analysis (laparoscopic sleeve gastrectomy, 

laparoscopic adjustable gastric band, laparoscopic biliopan-

creatic diversion) the same reimbursement of €5,681. Conse-

quently, the cost of sugammadex accounted for the 2.58% of 

the total cost per surgery, while the neostigmine cost accounted 

for 0.06%. However, the mean time saved using sugammadex 

instead of neostigmine was 23 minutes (Table 3). Total time 

saved for all the procedures done in the SUG group was 19.4 

hours, while the total cost due to sugammadex use was €7,335.

An analysis of the economic impact of sugammadex use 

in our study (Table 3) shows that 12 extra laparoscopic sleeve 

gastrectomies could be carried out with the time saved by 

sugammadex. The reimbursement for these extra surgical 

Table 1 Demographic data and surgical interventions

Patients characteristics SUG 
(50 patients)

NEO 
(49 patients)

Age (years) 30.9 (5.4) 29.6 (5.5)
Sex male/female (n) 32/18 30/19
Weight (kg) 123.5 (14.6) 128.3 (18.8)
Height (cm) 167.4 (6.3) 166.4 (5.5)
BMI (kg/m2) 44 (4.7) 46 (6.8)
Laparoscopic sleeve gastrectomy (n) 13 12
Laparoscopic adjustable gastric band (n) 34 35
Laparoscopic biliopancreatic 
diversion (n)

3 2

Note: Data are mean (standard deviation) or number.
Abbreviations: BMI, body mass index; NEO, neostigmine group; SUG, sugammadex 
group.

Table 2 Pharmacological data and costs of reversal drugs

 SUG 
(50 patients)

NEO 
(49 patients)

Rocuronium (mg) 73.3 (1.9) 72.2 (2.5)
Cisatracurium (mg) – 15.6 (0.9)
Sugammadex (mg) 258.8 (58.4) –
Neostigmine (mg) – 6.4 (0.9)
Mean time to obtain an Aldrete score 
of 10 (minutes)

16 (1.8)* 21.8 (2.8) 

Time to achieve a TOF ratio of 
0.9 (minutes)

1.4 (0.4)* 26.4 (5.9)

Duration of laparoscopic sleeve 
gastrectomy (minutes)

86.4 (5) 87.8 (4)

Duration of laparoscopic adjustable 
gastric band (minutes)

39 (2) 38.5 (3)

Duration of laparoscopic 
biliopancreatic diversion (minutes)

153.5 (3) 152.3 (2)

Mean duration of operating theater 
occupancy (minutes)

93.3 (54)* 116.6 (67)

SpO2 at PACU admission (%) 96 (2) 95 (3)
SpO2 at PACU discharge (%) 97 (2) 95 (1)
Mean cost of reversal agents (€)↑ 146.7* 3.6
Length of stay (days) 4.2 (1.8) 3.9 (1.9)

Notes: Data are mean (standard deviation); *P<0.05, Wilcoxon rank sum test or 
Mann–Whitney U test; ↑ one vial of sugammadex (200 mg) costs €113, while one 
vial of neostigmine (0.5 mg) costs €0.28.
Abbreviations: PACU, postanesthesia care unit; TOF, train-of-four; NEO, 
neostigmine group; SUG, sugammadex group.

Table 3 Economic impact on 50 bariatric surgical procedures 
using sugammadex in place of neostigmine

Mean time saved using sugammadex 23.3 minutes
Total time saved by sugammadex use (n=50 procedures) 19.4 hours

Total cost due to sugammadex use (n=50 procedures) €7,335
Extra laparoscopic sleeve gastrectomies, which could be 
done with time saved using sugammadex

12

Reimbursement for each bariatric procedure performed €5,681
Reimbursement for extra surgical procedures (n=12) €68,172

Sugammadex cost for all surgical procedures (n=50+12) €9,095
Total net gain in terms of reimbursement €59,077
Net gain in terms of reimbursement for each (n=50+12) 
surgery 

€952.8
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procedures would be €68,172 with a cost of sugammadex 

for all surgical procedures (n=50+12) of €9,095. Subtracting 

the cost due to sugammadex, the total net gain (€68,172 – 

€9,095) in terms of reimbursement would be €59,077 and 

the net gain for all surgeries (n=50+12) in terms of reim-

bursement would be €952.8 (59,077€/50+12). As a result, 

€1 of sugammadex may generate €6.5 of reimbursement 

(€952.8/€146.7).

Discussion
In this retrospective analysis, we evidenced that sugammadex 

accelerated recovery from NMB and may bring potential 

favorable economic implication.

Extended routine monitoring of neuromuscular func-

tion may be particularly advantageous and may reduce 

the frequency of residual neuromuscular blockade.19,20 

Evidences from literature report that many clinicians do 

not routinely use reversal agents before extubation.21,22 Use 

of antagonists, either AChEI or sugammadex, may help 

in preventing incomplete recovery from neuromuscular 

blockade (TOF ratio <0.9).17 Sugammadex, a new reversal 

of neuromuscular blockade, encapsulates rocuronium in 

a stable complex which is excreted and removed by the 

kidney, while AChEIs augment acetylcholine availability 

at the neuromuscular junction. The efficacy of AChEIs is 

limited by the “ceiling effect” in which additional doses 

have no further effect when there is a complete inhibition of 

all cholinesterases.23,24 Furthermore, AChEIs are associated 

with vagal reactions, autonomic instability, and nausea and 

vomiting.25 Nowadays, it is widely ascertained that sugam-

madex induces a faster recovery from rocuronium muscular 

block than AChEIs, independently from the depth of the 

block.26 Anyway, the high cost associated with sugamma-

dex limits its use in routine clinical practice, where a clear 

benefit, from an economic perspective, is evident only when 

the time saved from recovery is used for more productiv-

ity.27 In our study, the faster recovery rate of SUG group 

shortened the duration of operating theater occupancy by a 

mean time of 23 minutes. It is necessary to clarify that the 

time saved by sugammadex is related to anesthesia period 

and other variables (nurse staff, room sterilization, skills 

of anesthesiologists and surgeons, etc) may influence the 

time of operating theater occupancy. On the other hand, 

even if sugammadex cost accounted for the 2.58% of the 

cost per surgery, total time saved for all the procedures in 

which sugammadex was used was 19.4 hours compared 

with neostigmine. Consequently, we may speculate that 

the rocuronium/sugammadex regimen would allow us to 

perform an other 12 laparoscopic sleeve gastrectomies. The 

time saved by sugammadex could be employed not only for 

more productivity, but also to reduce costs associated with 

operating room occupancy (ie, personnel).

Carron et al28 conducted a retrospective study showing 

that sugammadex use may reduce the risk of PORC, with an 

estimated cost-saving of €2.9/case. The authors concluded 

that the increased turnover and workflow using sugammadex 

clearly outweigh its high cost.

This figure is similar to the findings of an earlier 

simulation-based analysis, in which the authors concluded 

that the reduced recovery time could increase the num-

ber of cases by 2.4% over a 3-month period.29 As stated 

elsewhere, this kind of economic analysis does not reflect 

clinical recommendations27 or, as in our experience, the 

complexity of the reimbursement fees from the regional 

health system in Italy. Moreover, the cost of sugammadex 

can vary substantially in different regions, making it diffi-

cult to reach any broader pharmacoeconomic conclusions. 

As shown in a recent systematic review,30 sugammadex 

may be cost-effective only when the time saved in the 

operating theater is spent in productivity. This assumption 

seems not applicable for the time saved in the recovery 

room.30

On the other hand, it is still unclear if sugammadex 

administration is associated with a better postoperative 

outcome.31 A randomized study32 in morbidly obese patients 

showed that the use of sugammadex was associated with 

a TOF ratio >0.9 (assessed using acceleromyography) in 

PACU, while neostigmine was not. However, it is worth men-

tioning that TOF ratio assessed by acceleromyography may 

be not reliable and accurate in awake patients.33 Carron et al34 

have shown that sugammadex use is associated with a faster 

and safer recovery profile from neuromuscular blockade 

than neostigmine in morbidly obese patients, making it suit-

able for a fast-track bariatric surgery. Another prospective 

study in patients undergoing laparoscopic bariatric surgery 

evidenced that the frequency of postoperative mechanical 

ventilation requirement was not different, if neuromuscular 

blockade was reverted with sugammadex or neostigmine.35 

Perhaps, sugammadex may be clinically useful in reduc-

ing postoperative adverse respiratory events in patients at 

risk, such as in elderly patients with American Society of 

Anaesthesiologists status of three or more.36 More recently, a 

randomized trial37 involving patients undergoing abdominal 

surgery has shown that sugammadex use was associated 

with full recovery from NMB, while 43% of patients in 

the neostigmine group experienced signs (TOF ratio <0.9 
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in PACU) of residual curarization. Also the discharge time 

was faster for patients in the sugammadex group. Although 

not powered for showing differences in pulmonary function 

compromise, postoperative respiratory complications were 

similar in the two groups.

In our study, we did not find desaturation in PACU and 

differences in length of stay in both groups, suggesting that 

major pulmonary complication did not occur.

An European prospective multicenter observational study 

(ClinicalTrials.gov website: NCT01865513) named POst-

anaesthesia PULmonary complications After use of muscle 

Relaxants has been recently sponsored by the European 

Society of Anaesthesia. This project aims to evaluate the 

effects of management of neuromuscular blockade on post-

operative pulmonary complications in a general anesthetized 

population. The POstanaesthesia PULmonary complications 

After use of muscle Relaxants trial will investigate if the 

technique of neuromuscular monitoring influences the risk 

for postoperative pulmonary complications. Hopefully, the 

role of TOF will be cleared and a solid basis for implement-

ing its use will be consolidated.38

Limitations
The main limitations of this study are its retrospective 

nonrandomized, single-center design, and the exclusion of 

extremely morbidly obese (BMI >60 kg/m2) patients. As 

cisatracurium and rocuronium were both considered in the 

analysis, we may not rule out the presence of an analytical 

bias. Moreover, the time saved by sugammadex is related to 

anesthesia period and other variables may influence the time 

of operating theater occupancy. We did not record TOF ratio 

at PACU, but we considered the Aldrete score as a clinical 

index of full recovery from NMB.

Conclusion
The clinical application of a TOF-driven protocol to reverse 

neuromuscular paralysis in morbidly obese patients should 

be encouraged. Sugammadex use is associated with a faster 

recovery and a higher health care costs. However, the main 

benefit is the time saved in the operating room, which could 

be used in more productivity, such as increasing the number 

of surgical procedures to perform.
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