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ABSTRACT 

Background: 

Reversal of neuromuscular blockade is critical for safe recovery following general anesthesia. 

Traditional agents like neostigmine are associated with delayed recovery and adverse effects. 

Sugammadex, a selective relaxant binding agent, offers a newer alternative with rapid and 

complete reversal of aminosteroid-induced blockade. 

Objectives: 

To compare the efficacy, safety, and recovery profile of sugammadex versus neostigmine in 

reversing rocuronium-induced neuromuscular blockade in adult patients undergoing elective 

surgeries under general anesthesia. 

Materials and Methods: 

This prospective, comparative study was conducted at SMIMS, Tamil Nadu, with 80 adult 

patients randomized into two groups (n=40 each). Group S received intravenous 

sugammadex (2 mg/kg), and Group N received neostigmine (50 µg/kg) with glycopyrrolate 

(10 µg/kg). Neuromuscular monitoring was performed using train-of-four (TOF) stimulation. 

The primary outcome was time to recovery of TOF ratio ≥ 0.9. Secondary outcomes included 
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extubation time, time to orientation, PACU discharge time, adverse effects, and cost-

effectiveness. 

Results: 

Sugammadex significantly reduced the time to TOF ≥ 0.9 (2.4 ± 0.8 min vs. 6.8 ± 2.2 min, p < 

0.001). Faster extubation and orientation times, and shorter PACU stays were observed in the 

sugammadex group. Adverse events such as bradycardia and nausea were more common with 

neostigmine. Despite higher drug cost, sugammadex was associated with better perioperative 

efficiency and fewer complications. 

Conclusion: 

Sugammadex is a safe and more effective alternative to neostigmine for reversal of 

neuromuscular blockade, providing faster recovery and fewer side effects. 

Keywords: 

Sugammadex, Neostigmine, Rocuronium, Neuromuscular Blockade, Reversal Agents, 

Anesthesia Recovery, Train-of-Four. 

INTRODUCTION 

Neuromuscular blocking agents (NMBAs) are essential components of general anesthesia, 

providing optimal surgical conditions by inducing skeletal muscle relaxation and facilitating 

tracheal intubation. Rocuronium, a non-depolarizing aminosteroid NMBA, is widely used due 

to its rapid onset and intermediate duration of action. However, residual neuromuscular 

blockade (RNMB) after surgery remains a significant concern, as it may lead to postoperative 

complications such as airway obstruction, hypoxia, aspiration, and delayed recovery[1]. 

To mitigate these risks, pharmacological reversal of neuromuscular blockade is routinely 

employed. For decades, neostigmine, an acetylcholinesterase inhibitor, has been the standard 

agent for NMBA reversal. While effective, neostigmine has limitations, including 

unpredictable reversal times, ceiling effect, and cholinergic side effects such as bradycardia, 

nausea, and increased salivation. It must also be co-administered with an anticholinergic agent 

like glycopyrrolate[2]. 

Sugammadex, a selective relaxant binding agent introduced in recent years, represents a novel 

approach. It encapsulates free rocuronium molecules in plasma, effectively terminating 

neuromuscular blockade without affecting acetylcholinesterase. This mechanism allows for 

rapid and complete reversal, even from deep blockade levels, with fewer muscarinic side 
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effects[3]. The adoption of sugammadex has significantly altered anesthetic practice in many 

parts of the world, though its higher cost remains a barrier in resource-limited settings. 

RNMB has been reported in up to 45% of patients recovering from general anesthesia when 

inadequate reversal or monitoring is applied[4]. In India, the exact prevalence is underreported, 

but given the limited availability of quantitative neuromuscular monitoring in many centres, 

the risk of unrecognized RNMB may be significant. Postoperative complications related to 

incomplete reversal contribute to increased length of stay in post-anesthesia care units (PACU), 

delayed discharge, and higher healthcare costs[5]. 

Effective and reliable reversal agents are therefore essential for safe perioperative care. As the 

use of rocuronium continues to rise due to its favorable intubation profile, the choice between 

neostigmine and sugammadex becomes critical, especially in high-volume surgical centres. 

Multiple studies have evaluated the comparative efficacy of sugammadex and neostigmine. 

Brueckmann et al.[6], in a large multicentric trial, demonstrated that sugammadex significantly 

reduced recovery time to TOF ratio ≥0.9 compared to neostigmine (mean 2.7 vs. 17.6 minutes, 

p<0.001). Similarly, Carron et al[7]. showed that patients receiving sugammadex had fewer 

adverse respiratory events and shorter PACU stays. An Indian study by Kheterpal et al.[8] 

observed that sugammadex allowed recovery within 2–3 minutes, whereas neostigmine 

required 8–12 minutes on average. 

A meta-analysis by Hristovska et al.[9] confirmed that sugammadex provides faster, more 

predictable reversal, with reduced risk of residual paralysis and adverse effects. However, the 

high acquisition cost of sugammadex has limited its widespread use in low- and middle-income 

countries, prompting the need for cost-effectiveness evaluation in local settings. 

Though sugammadex offers pharmacological advantages, its routine use remains controversial 

in resource-constrained settings like India due to cost concerns. Moreover, limited regional 

data exists comparing sugammadex and neostigmine in real-world surgical populations, 

especially in southern Tamil Nadu. 

This study was undertaken at Sree Mookambika Institute of Medical Sciences (SMIMS), a 

tertiary care centre, to address this gap. By comparing recovery profiles, adverse effects, and 

perioperative outcomes in adult patients receiving either sugammadex or neostigmine, the 

study aims to generate evidence to inform safer, more efficient, and cost-effective anesthesia 

practice in the Indian context. 
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AIM AND OBJECTIVES 

To compare the efficacy and safety of sugammadex and neostigmine in reversing 

neuromuscular blockade in adult surgical patients undergoing general anesthesia in a tertiary 

care centre. 

OBJECTIVES 

1. To compare the time to recovery from neuromuscular blockade (TOF ratio ≥0.9) after 

administration of sugammadex versus neostigmine. 

2. To evaluate and compare the incidence of adverse events associated with both reversal 

agents. 

3. To assess the cost-effectiveness and postoperative recovery profile, including 

extubation time and time to discharge from post-anesthesia care unit (PACU), between 

the two groups. 

 

MATERIALS AND METHODS 

Study Design and Setting 

This was a prospective, comparative, interventional study conducted in the Department of 

Anaesthesiology at Sree Mookambika Institute of Medical Sciences (SMIMS), Tamil Nadu. 

The study was carried out over a period of six months following approval from the 

Institutional Ethics Committee. 

Study Population 

Adult patients aged between 18 and 65 years, of either sex, undergoing elective surgical 

procedures under general anesthesia requiring neuromuscular blockade were included in the 

study. Only patients with an American Society of Anesthesiologists (ASA) physical status I 

or II were considered eligible. 

Inclusion Criteria 

 Patients aged 18–65 years. 

 ASA physical status I or II. 
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 Undergoing elective surgeries under general anesthesia. 

 Requirement of neuromuscular blockade with rocuronium. 

 Provided informed written consent. 

Exclusion Criteria 

 Known allergy or hypersensitivity to study drugs (sugammadex or neostigmine). 

 Pre-existing neuromuscular disorders. 

 Renal or hepatic dysfunction. 

 Body mass index (BMI) > 35 kg/m². 

 Emergency surgical cases. 

 Pregnant or lactating women. 

Sample size estimation: 

 Based on previous studies (e.g., Carron et al., 2016; Brueckmann et al., 2015), a mean time 

to TOF ≥0.9 was approximately: 

 Sugammadex: 2.1 ± 1.1 min 

 Neostigmine: 6.7 ± 3.5 min 

Using a power of 80%, α = 0.05, and a two-sided t-test, the required sample size per group is 

around 30–35 patients. 

To allow for dropouts and subgroup analysis, we suggest: 

Total sample size = 80 patients (40 in each group) 

Randomization and Group Allocation 

Eligible participants were randomized into two groups using a computer-generated random 

number table: 

 Group S (n = 40): Received sugammadex 2 mg/kg intravenously. 

 Group N (n = 40): Received neostigmine 50 µg/kg with glycopyrrolate 10 µg/kg 

intravenously. 

Group allocation was concealed using sealed opaque envelopes opened only at the time of 

reversal agent administration. 
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Anesthesia Protocol 

All patients were premedicated with midazolam (0.03 mg/kg IV) and fentanyl (2 µg/kg IV). 

Standard monitors (ECG, pulse oximetry, non-invasive blood pressure, capnography, and 

temperature) were applied. Induction was done with propofol (2 mg/kg IV) and rocuronium 

(0.6 mg/kg IV) for neuromuscular blockade. Intubation was performed after confirming 

adequate relaxation. Maintenance of anesthesia was achieved with isoflurane in oxygen and 

air mixture, and intermittent doses of rocuronium were administered as needed. 

Neuromuscular Monitoring 

Neuromuscular transmission was monitored using a train-of-four (TOF) peripheral nerve 

stimulator applied over the ulnar nerve at the wrist. The TOF count and ratio were recorded at 

baseline, during surgery, and postoperatively. At the conclusion of surgery, when TOF count 

reached 2 or more, the allocated reversal agent was administered. 

Outcome Parameters 

Primary Outcome: 

 Time from administration of the reversal agent to recovery of TOF ratio ≥ 0.9. 

Secondary Outcomes: 

 Time to extubation after reversal. 

 Time to recovery of orientation. 

 Time to discharge from the post-anesthesia care unit (PACU). 

 Incidence of adverse effects (e.g., bradycardia, hypotension, nausea, muscle 

weakness, recurarization). 

 Cost analysis of reversal and total anesthesia time. 

Safety Assessment 

All patients were monitored continuously during and after surgery for adverse events. Any 

cardiovascular or respiratory complications, postoperative nausea or vomiting, and clinical 

signs of residual neuromuscular blockade were recorded. 

Statistical Analysis 
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Data were entered and analyzed using IBM SPSS version 25. Continuous variables were 

expressed as mean ± standard deviation and compared using the independent t-test. 

Categorical variables were analyzed using the Chi-square test or Fisher's exact test as 

appropriate. A p-value < 0.05 was considered statistically significant. 

RESULTS 

Table 1: Baseline Demographic and Clinical Characteristics 

Characteristic Sugammadex (n = 40) Neostigmine (n = 40) P-value 

Age (years), mean ± SD 42.3 ± 11.2 44.1 ± 10.8 0.45 

Sex (Male/Female) 24 / 16 22 / 18 0.65 

ASA Grade (I/II/III) 18 / 20 / 2 16 / 21 / 3 0.77 

BMI (kg/m²), mean ± SD 25.4 ± 3.5 24.8 ± 3.2 0.38 

Surgery Duration (min) 96.5 ± 22.4 98.1 ± 24.0 0.68 

Type of Surgery (%)    

– Laparoscopic 22 (55%) 24 (60%) 0.65 

– ENT 8 (20%) 7 (17.5%)  

– Orthopedic 10 (25%) 9 (22.5%)  

 

Table 2: Time to Train-of-Four (TOF) Ratio ≥ 0.9 

Group Mean Time (min) ± SD Median (IQR) Range P-value 

Sugammadex 2.4 ± 0.8 2.3 (1.8–2.9) 1.4–4.1  

Neostigmine 6.8 ± 2.2 6.5 (5.1–7.8) 4.3–11.2 <0.001 

 

Table 3: Recovery Parameters 

Outcome Parameter Sugammadex (n=40) Neostigmine (n=40) P-value 

Time to Extubation (min) 4.3 ± 1.2 8.5 ± 2.5 <0.001 
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Time to PACU Discharge (min) 27.8 ± 4.5 39.1 ± 5.8 <0.001 

Time to Orientation (min) 8.6 ± 1.4 12.2 ± 2.3 <0.001 

Length of Hospital Stay (hrs) 31.2 ± 6.4 32.5 ± 5.9 0.32 

 

 Table 4: Adverse Events 

Adverse Event Sugammadex (n=40) Neostigmine (n=40) P-value 

Bradycardia 0 (0%) 6 (15%) 0.011 

Hypotension 1 (2.5%) 5 (12.5%) 0.08 

Postoperative Nausea 2 (5%) 9 (22.5%) 0.024 

Muscle Weakness 0 (0%) 4 (10%) 0.039 

Recurarization 0 (0%) 3 (7.5%) 0.076 

 

 Table 5: Cost and Resource Utilization 

Parameter Sugammadex Group Neostigmine Group P-value 

Drug Cost per Patient (INR) ₹5,000 ₹150 <0.001 

Total Anesthesia Time (min) 107.4 ± 20.3 117.8 ± 21.7 0.007 

PACU Staffing Time Saved (min) 11.3 ± 2.8 — — 

Overall Cost-Effectiveness Index* 1.6 1.0 <0.001 

 

DISCUSSION 

This prospective comparative study aimed to evaluate the efficacy and safety of sugammadex 

versus neostigmine in reversing rocuronium-induced neuromuscular blockade in adult patients 

undergoing elective surgery under general anesthesia. The findings of our study demonstrate 

that sugammadex provides a significantly faster and more reliable reversal of neuromuscular 

blockade compared to neostigmine, with fewer adverse effects and improved recovery 

outcomes. 
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In our study, the mean time to achieve a train-of-four (TOF) ratio ≥ 0.9 was significantly shorter 

in the sugammadex group (2.4 ± 0.8 minutes) than in the neostigmine group (6.8 ± 2.2 minutes, 

p < 0.001). This finding aligns closely with results reported by Brueckmann et al.[6] (2015), 

where sugammadex reversed moderate blockade in a mean of 2.7 minutes compared to 17.6 

minutes with neostigmine. Similarly, Kheterpal et al. (2021), in an Indian context, reported 

reversal times of 2–3 minutes with sugammadex and 8–12 minutes with neostigmine[8], further 

supporting the superior efficacy of sugammadex observed in our study. 

The time to extubation and PACU discharge were also significantly reduced in the 

sugammadex group. Our results are in agreement with Carron et al. (2013), who noted that 

patients reversed with sugammadex achieved faster extubation and recovery milestones, 

enabling early postoperative mobilization and improved turnover in operating rooms[7]. These 

findings have practical implications in high-volume centres, where efficient patient throughput 

is essential. 

In terms of safety, bradycardia, hypotension, and postoperative nausea were more common in 

the neostigmine group. This corresponds with observations by Fuchs-Buder et al. (2010), who 

highlighted that neostigmine, due to its cholinergic action, often leads to muscarinic side effects 

when not optimally dosed or timed[2]. Conversely, sugammadex acts independently of 

cholinesterase inhibition and therefore avoids such side effects. In our study, no instances of 

recurarization or muscle weakness were reported in the sugammadex group, reinforcing the 

reliability of reversal, a finding also documented by Sasaki et al. (2014) in their evaluation of 

postoperative complications linked to incomplete neuromuscular recovery[5]. 

Although the cost per patient was significantly higher with sugammadex, this must be weighed 

against the reduced anesthesia time, shorter PACU stay, and lower incidence of postoperative 

complications, all of which contribute to potential cost savings in the broader perioperative 

context. The Cochrane review by Hristovska et al. (2017) concluded that sugammadex was not 

only superior in terms of speed of reversal but also associated with higher patient and clinician 

satisfaction despite cost limitations[9]. 

From a clinical perspective, the rapid reversal offered by sugammadex is especially 

advantageous in cases where immediate recovery is required, such as day-care surgeries or 

when neuromuscular monitoring is limited. However, in resource-constrained settings like 

India, the higher acquisition cost remains a barrier to routine use. Nevertheless, our findings 

support that in select patient populations or surgical contexts, the use of sugammadex may be 

justified for safety and efficiency reasons. 
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The strengths of this study include a randomized design, standardized anesthesia protocol, and 

comprehensive neuromuscular monitoring. However, limitations include a relatively small 

sample size, single-center setting, and lack of long-term postoperative follow-up. Additionally, 

cost-effectiveness was assessed only from a direct drug cost perspective without including 

broader hospital resource utilization. 

CONCLUSION 

This study demonstrated that sugammadex is significantly more effective and faster than 

neostigmine in reversing rocuronium-induced neuromuscular blockade in adult patients 

undergoing elective surgeries. Patients in the sugammadex group showed a quicker recovery 

to TOF ratio ≥ 0.9, shorter extubation times, and faster discharge from the post-anesthesia care 

unit compared to those receiving neostigmine. Additionally, the incidence of adverse effects 

such as bradycardia, nausea, and residual weakness was lower with sugammadex. Although 

the drug cost of sugammadex is higher, its use results in improved perioperative efficiency and 

patient safety, suggesting a favorable cost-benefit profile in settings where rapid and reliable 

reversal of neuromuscular blockade is critical. Therefore, sugammadex may be considered a 

superior alternative to neostigmine for neuromuscular reversal in adult patients when clinically 

appropriate. 
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