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Economic analysis of sugammadex versus neostigmine for reversal of neuromuscular blockade for laparoscopic surgery in China
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Abstract
Background
Neuromuscular blockade and pneumoperitoneum (PP) are important factors to ensure successful laparoscopic surgery. However, residual neuromuscular blockade (rNMB) and PP are associated with many unfavorable complications. The aim of this study is to compare the cost-effectiveness of using sugammadex versus neostigmine in laparoscopic surgery in China.

Methods
A decision tree model was developed with a time horizon based on laparoscopic surgery related hospitalization duration. 2000 patients using sugammadex or neostigmine were simulated within the model. The model outcomes included incidence of rNMB and PP related complications and their treatment costs. Data on clinical efficacy, safety and cost were collected from published literature and interviews of physicians.

Results
The model projected that treatment with sugammadex instead of neostigmine would lead to 673 fewer total complications, including rNMB/PP related complications, hospitalization, and other AEs (621 events versus 1294 events, respectively). Use of sugammadex was associated with an incremental medication cost of ¥1,360,410. However, 93.6% of the increased medication cost can be off-set by the reduced costs attributable to treatment of rNMB related complications, PP related complications, hospitalization and other adverse events in sugammadex group. In aggregate, the sugammadex group incurred an incremental cost of ¥86,610 to prevent 673 complications, (¥128.56 per one rNMB/PP related complications prevention). One-way sensitivity analysis confirmed the robustness of the model.

Conclusions
Use of sugammadex in replacement of neostigmine would result in significantly lower rNMB/PP related complications but at a substantially higher medication cost. Upon accounting for the costs associated with treatment of rNMB/PP related complications, 93.6% of medication cost is projected to be offset. In balance, sugammadex appears to offer good value for reversal of neuromuscular blockade for laparoscopic surgery in China.
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Background
Neuromuscular blockade (NMB) and pneumoperitoneum (PP) are important factors to ensure successful laparoscopic surgery. However, in clinical practice, residual neuromuscular blockade (rNMB) may occur as long as neuromuscular blockade drugs are used. Clinically, rNMB is defined as the train-of-four ratio (TOFr) < 0.9 [1]. A real-world study in the Chinese population showed that the incidence of rNMB after tracheal extubation and arrival at post-anesthesia care unit (PACU) were 57.8 and 45.2%, respectively [2]. Many potential complications can be caused by rNMB, such as: hypoxemia, airway obstruction, muscle weakness, pulmonary related complications due to ineffective cough, pharyngeal dysfunction, etc [3]
To provide a good surgical condition, PP must be made in laparoscopic surgery. But high-pressure PP can lead to potential side effects, such as nausea/vomiting, shoulder pain and others [4, 5]. Deep NMB (post-tetanic count = 1 or 2) and low-pressure PP (less than 10 mmHg) are recommended in laparoscopic surgery by Chinese clinical guidelines [3]. It not only can improve laparoscopic surgical condition, but also can reduce PP side effects [3]. In Chinese clinical practice, most physicians perform laparoscopic surgeries in patients outside of deep NMB state due to a lack of deep NMB reversal drugs.
The results from controlled clinical trials have demonstrated that sugammadex can quickly reverse or moderate deep NMB compared with neostigmine [6, 7]. It can potentially reduce rNMB risk and at the same time, maintain a desirable deep NMB state during laparoscopic surgery. However, the high cost of sugammadex, prevents it from being used as a standard neuromuscular reversal drug. There is currently no comprehensive economic assessment comparing the cost-effectiveness between sugammadex and neostigmine in China. A Health Technology Assessment (HTA) performed by National Institute for Health Research (NIHR) in the United Kingdom used cost minimization analysis to evaluate the reduction in recovery time by using sugammadex and the value of each minute of recovery time saved [8]. Sugammadex appeared cost-effective for the routine reversal of rocuronium-induced moderate blockade at current listed price in UK (2 ml × 10 vials, £ 596.4; 5 ml × 10 vials, £ s1491.00) if all reductions in recovery time associated with sugammadex were achieved in the operating room. However, the use of sugammadex was not cost-effective if all reductions in recovery time were achieved in the recovery room instead. The cost-effectiveness of sugammadex is therefore highly dependent on the setting in which it is administered.
There were a number of limitations of this study. Data inputs were derived from systematic review of various randomized controlled trials of sugammadex, so comparators were quite diverse. Relevant outcomes in resources or costs used were also not investigated or reported in the trials. In this study, the cost-effectiveness between sugammadex and neostigmine will be assessed under China real-world scenario by quantifying rNMB and PP related complications and their treatment costs in laparoscopic surgery.
Methods
A decision tree model was developed within Microsoft Excel from a payer’s perspective to analyze the incremental cost of avoiding one rNMB/PP complications by using sugammadex versus neostigmine for reversal of neuromuscular blockade for laparoscopic surgery. The model had a time horizon of laparoscopic surgery related hospitalization duration. Model inputs included the efficacy and safety data as reported in clinical trials and healthcare resource use and cost data obtained by physician interviews.
Model structure
The structure of decision tree model which simulated outcomes of interest from 2000 patients receiving laparoscopic surgeries is shown in Fig. 1. The initial decision node was whether the patients used sugammadex or neostigmine for reversal of NMB. To ensure desirable surgical condition, physicians need to choose one surgical strategy: deep NMB plus low PP pressure (8 mmHg) or moderate NMB plus high PP pressure (12–15 mmHg). The probabilities of different surgical strategies were affected by choice of sugammadex or neostigmine. Finally, the model endpoint was rNMB / PP associated complications.
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Fig. 1The decision tree model structure


Clinical data
The clinical data were mainly obtained from published literature. rNMB and PP were the main sources of complications. The incidence rate of rNMB for sugammadex and neostigmine was 0 and 44.5%, respectively [9]. The tracheal re-intubation rate was 1.06 and 0% in rNMB and no rNMB situation, respectively [10]. The rNMB / PP related complication rate and unit cost are presented in Tables 1 & 2. In addition, adverse events (AEs) occurred for ≥5% subjects in sugammadex or neostigmine group as reported in the clinical trial were considered in the model with exception of procedure nausea or vomiting per input from the key opinion leader (KOL) [14].
Table 1rNMB related complications related inputs


	 	rNMB related complications
	rNMB related complications cost

	rNMB
	No rNMB
	Sources
	Cost (Yuan)
	Sources

	Pharyngeal dysfunction
	28.00%
	13.00%
	[11]
	138.04
	KOL

	Upper airway obstructiona
	8.42%
	1.68%
	KOL & [12]
	235.62
	KOL

	Lower airway obstructiona
	1.58%
	0.32%
	KOL & [12]
	1179.61
	KOL

	Mild-moderate hypoxemia
	23.00%
	4.00%
	[12]
	118.92
	KOL

	Severe hypoxemia
	7.00%
	1.00%
	[12]
	777.86
	KOL

	Respiratory failure
	8.00%
	1.00%
	[12]
	27,706.57
	KOL & [13]

	Muscular weakness
	16.00%
	1.00%
	[12]
	1269.89
	KOL


aNote: the literatures reported the incidence rate of airway obstruction in rNMB and no rNMB is 10 and 2% respectively. The KOL reported the percentage of upper airway obstruction and lower airway obstruction are accounted for 84.24 and 15.76% in airway obstruction. Hence, the incidence rate of upper and lower airway obstruction can be calculated


Table 2PP related complications related inputs


	 	PP related complications
	PP related complications cost

	8 mmHg
	12–15 mmHg
	Sources
	Cost (Yuan)
	Sources

	Shoulder pain
	23.30%
	73.30%
	[4]
	105.15
	KOL

	Nausea & Vomiting
	0.00%
	25.00%
	[5]
	107.81
	KOL




Resource use & cost data
The probabilities of different surgical strategies were obtained from KOL interviews (Table 3). The KOL interviews included 30 experienced anesthesiologists from 10 different hospitals (tier 3) located in Beijing, Shanghai, Nanjing, Chengdu, Guangzhou, and Wuhan in China.
Table 3Probabilities of different surgical strategies


	 	Surgical strategies
	Probability
	Source

	Sugammadex
	Deep NMB + Low PP pressure (8 mmHg)
	77.67%
	KOL

	Moderate NMB + High PP pressure (12–15 mmHg)
	22.33%

	Neostigmine
	Deep NMB + Low PP pressure (8 mmHg)
	30.00%

	Moderate NMB + High PP pressure (12–15 mmHg)
	70.00%




The high-pressure PP (12–15 mmHg) was associated with an extra 0.27 hospitalization days compared with low-pressure PP (8 mmHg) [15], and the average cost of laparoscopic surgery was ¥1524.18 per day [16].
For each laparoscopic surgery, costs for sugammadex and neostigmine were estimated to be ¥1380 and ¥6.53, respectively based on the average bidding price from: Yaozhi website (https://​db.​yaozh.​com/​).
The costs of rNMB / PP related complications were estimated from KOL interviews and published literature (Tables 1 & 2). AEs treatment costs were obtained from KOL so was the cost of tracheal re-intubation (¥1050).
Sensitivity analysis
We performed one-way sensitivity analysis to investigate the robustness of the model by varying up or down 10% of base-case values for all model parameters.
Results
Base-case analysis
With 2000 patients simulated, the model projected that treatment with sugammadex instead of neostigmine would lead to 673 fewer total complications, including rNMB / PP related complications, hospitalization, and other AEs (621 events versus 1294 events, respectively). Although the sugammadex group was associated with an incremental medication cost of ¥1,360,410, the costs related to treatment of rNMB related complications, PP related complications, hospitalization and other adverse events in sugammadex group were all projected to be lower than those in the neostigmine group, leading to net cost-savings of ¥1,006,503, ¥37,906, ¥33,228, ¥196,162, respectively (Table 4). In aggregate, the sugammadex group incurred an incremental cost of ¥86,610 to prevent 673 complications, resulting in an incremental cost of ¥128.56 to avoid one rNMB / PP related complication.
Table 4The summary of the model results


	Item
	Sugammadex
	Neostigmine
	Difference

	Medication cost
	¥ 1380,000
	¥ 19,590
	¥ 1,360,410

	rNMB related complications cost
	¥ 327,933
	¥ 1,334,436
	¥ -1,006,503

	PP related complications cost
	¥ 44,407
	¥ 86,900
	¥ -37,906

	Hospitalization cost
	¥ 91,908
	¥ 288,071
	¥ -196,162

	Other adverse events cost
	¥ 145,641
	¥ 178,869
	¥ -33,228

	Total cost
	¥ 1,987,739
	¥ 1,901,129
	¥ 86,610

	Total complications frequency
	621
	1294
	−673




Of the simulated patient population, shoulder pain, pharyngeal disorders, and postoperative nausea and vomiting ranked the top three complications at 48.45, 17.07 and 12.06% respectively.
One-way sensitivity analysis
A tornado diagram was developed to illustrate the top ten populated parameters regarding the cost of avoiding one rNMB / PP related complication for the sugammadex group compared with that of the neostigmine group (Fig. 2). The most influential parameter was the probabilities of moderate NMB plus high pressure PP (12–15 mmHg) in neostigmine group, followed by unit price of sugammadex, dosage of sugammadex, incidence rate of rNMB in the neostigmine group, incidence of respiratory failure, treatment cost for respiratory failure, probabilities of deep NMB plus low pressure PP in neostigmine, the rate of no rNMB in the sugammadex group, and probabilities of deep NMB plus low pressure PP in the sugammadex group.
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Fig. 2Tornado diagram for top ten populated parameters within the model


Discussion
Our study indicated that use of sugammadex instead of neostigmine for reversal of neuromuscular blockade in laparoscopic surgery would result in significantly lower rNMB / PP related complications at a much higher incremental medication cost. However, 93.6% of the increased medication cost can be off-set by the reduced costs attributable to treatment of rNMB related complications, PP related complications, hospitalization and other adverse events in sugammadex group. Net to net, our model projected that use of sugammadex would lead to an incremental cost of ¥128.56 to prevent one rNMB / PP related complication. It is worth noting that we only focused on the potential benefits of sugammadex with regarding to reduction of complications associated with rNMB or PP. In fact, another important clinical benefit of sugammadex is a significantly shorter time required for reversal of NMB [17], which could lead to shorter operation time and improving the efficiency of the operating room utilization.
The findings from our study are consistent with the results of a controlled clinical trial which compared sugammadex with neostigmine in patients undergoing surgery for the treatment of obstructive sleep apnea [18]. The trial showed that patients receiving sugammadex had shorter time to TOF 0.9 and operating room time. More importantly, compared neostigmine, sugammadex decreased the incidence of post-operative respiratory complications and related costs. Similar findings were also observed with real-world data. De et al. conducted a retrospective analysis from records of morbidly obese patients undergoing elective laparoscopic bariatric surgery in which sugammadex or neostigmine was used to reverse NMB. The analysis showed that, compared with neostigmine, use of sugammadex for 50 laparoscopic bariatric surgeries resulted in a total savings of 19.4 h (average 23.3 min per laparoscopic bariatric surgery). It was projected that an additional 12 laparoscopic gastric sleeve resections can be performed with the time saved by using sugammadex [17].
There are several limitations with our study. We did not include indirect costs and may have underestimated the benefits of sugammadex due to lack of relevant research on operating room and labor costs in China. The study also assumed that the incidence of rNMB / PP related complications in laparoscopic surgery for different diseases was the same. However, via the interviews, more than 50% of KOLs believed that the incidence of rNMB / PP related complications in laparoscopic surgery for different diseases was the same so we deemed this to be an appropriate assumption. Our model’s time horizon of laparoscopic surgery related hospitalization and the results may also not be representative to open general anesthesia surgery although factors associated with rNMB are mainly related to the operation duration, anesthetic medications, anesthesia methods, post-operative monitoring and the choice of NMB reversal medications [10]. Finally, the cost data of this study were estimated based on input from 30 anesthesiologists, representing experiences from tertiary teaching hospitals in major metropolitan cities in China. In the future, a nation level study for cost should be carried out to improve the quality of data.
Conclusion
Compared with neostigmine, use of sugammadex for reversal of neuromuscular blockade for laparoscopic surgery is expected to result in better clinical outcomes by reducing rNMB / PP related complications. Although sugammadex is much more expensive in anesthesia practice than neostigmine, over 90% of medication cost can be offset by reduced costs associated with treatment of rNMB / PP related complications. In balance, sugammadex appears to offer good value for reversal of neuromuscular blockade for laparoscopic surgery in China.
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