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ABSTRACT 
Background: Previous studies have demonstrated the superiority of sugammadex over neostigmine for reversal of 

nondepolarizing neuromuscular blockade (NMB) reversal. However, its increased cost over neostigmine remains a 

barrier to use in many institutions.  

Aims: The purposes of this study were to compare the outcomes of patients receiving neostigmine alone vs. patients 

receiving neostigmine and sugammadex and to identify the risk factors for patients requiring sugammadex as a rescue 

neuromuscular blockade reversal agent.  

Methods: A retrospective observational study of general anesthesia cases using rocuronium or vecuronium for NMB 

at a single regional medical center from January 1, 2019 to March 30, 2021 was performed. Demographics, surgical 

details, and outcomes of patients receiving neostigmine only (N) were compared to those of patients receiving neostig-

mine followed by sugammadex (NS). A conditional logistic regression model was developed to identify predictors of 

patients requiring a rescue dose of sugammadex for NMB reversal. 

Results: A total of 7104 patients were included (N=6684, NS=420). In comparison to patients in the N group, those in 

the NS group experienced shorter duration from last NMB administration to first reversal, longer PACU recovery 

times, longer length of stay, and higher rates of reintubation. After risk adjustment, patients receiving NS were more 

likely to be female, of non-white race, have increased BMIs, and a greater comorbidity burden than those requiring N 

only. In comparison to patients undergoing general surgery, those undergoing thoracic surgery are at increased risk for 

requiring NS. A model for predicting which patients would receive NS was generated with an AUC of 0.681 (95% CI: 

0.654-0.708), sensitivity of 78% and specificity of 48%. 

Conclusion: These findings may assist anesthesiologists in identifying which patients are likely to require sugam-

madex for rescue NMB reversal after use of neostigmine and are therefore suitable candidates for using sugammadex 

as a first-line therapy. 
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1. INTRODUCTION 

Neostigmine and sugammadex are commonly 

used pharmacologic agents for reversal of non-

depolarizing neuromuscular blockades (NMB). 

Neostigmine, an acetylcholinesterase inhibitor, 

has limitations such as indirect mechanism of 

reversal, limited and unpredictable efficacy, ina-

bility to reverse deep NMB, and undesirable au-

tonomic response.1 Sugammadex is designed for 

rapid reversal and has potential benefits such as 

fast and predictable reversal of any degree of 

block, patient safety, reduced incidence of resid-

ual block during recovery.1 The drug works 

through a direct mechanism of action by selec-

tively binding rocuronium or vecuronium, 

which reverses their neuromuscular blocking 

action.2 Its 1:1 binding allows for reversal of 

any depth of block—an advantage over neostig-

mine which is ineffective in deep blockades. 

Previous randomized controlled trials have 

shown that in comparison to neostigmine, 

sugammadex is faster in reversing NMB, more 

likely to be associated with higher train-of-four 

ratio values at extubation, and lowers risk of re-

sidual curarization after extubation, global ad-

verse events, respiratory adverse events and car-

diovascular adverse events.3 While the efficacy 

of sugammadex is well established, its increased 

cost over neostigmine remains a barrier to use in 

many institutions, as the drug is approximately 

five times more expensive than neostigmine.4  

 

Neostigmine and sugammadex can be used in 

combination when there is not adequate reversal 

of the neuromuscular blockade from neostig-

mine alone.5 The combination of both medica-

tions has been found to decrease recovery time 

and can also reduce the dosage of sugammadex 

needed, which can reduce costs in some cases. 

Previous studies have shown that using neostig-

mine alone results in a higher chance of system-

atic muscarinic side effects, such as hyperten-

sion, compared to using sugammadex alone. Us-

ing both medications may increase the risk of 

these side effects.5 Because of the potentially 

increased side effect profile of combination 

therapy and the increased cost associated with 

using both agents, it is important that the profile 

of appropriate patients who should receive 

sugammadex as a first line NMB reversal agent 

be defined. 

 

The purposes of this study were to compare the 

outcomes of patients receiving neostigmine 

alone vs. patients receiving neostigmine and 

sugammadex and to identify the risk factors for 

patients requiring sugammadex as a rescue neu-

romuscular blockade reversal agent. We suggest 

that identifying the profile of this at-risk popula-

tion may assist anesthesiologists in preopera-

tively selecting the most appropriate patients to 

receive sugammadex for first line NMB rever-

sal. 

 

 

2. MATERIAL AND METHODS 

This study was deemed institutional review 

board exempt by the institution’s clinical re-

search committee. A retrospective observational 

study of patients undergoing surgical procedures 

with general anesthesia at a single regional med-

ical center from January 1, 2019 to March 30, 

2021 was performed. Patients that were ≥ 18 

years old at the time of surgery and received 

vecuronium or rocuronium for NMB along with 

a NMB reversal agent were included in this 

study. Only patients receiving neostigmine 

alone or neostigmine and sugammadex were in-

cluded. Patients undergoing cesarean section or 

those receiving only succinylcholine for NMB, 

sugammadex-only for NMB reversal, or no re-

versal agent were excluded. The decision for 

NMB reversal was made based on anesthesiolo-

gist judgment. At our institution qualitative train 
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of four count (TOF-C) measurement is per-

formed at prior to extubation when NMB agents 

are used. TOF-C measurement was performed 

by delivering four successive supramaximal 

stimuli at 2Hz to the ulnar or facial nerves and 

monitoring response twitch frequency. The last 

TOF-C prior to neostigmine administration and 

first TOF-C after neostigmine administration 

were recorded and analyzed. Prior to extubation, 

patients were clinically assessed for normother-

mia, spontaneous breathing, head lift, tidal vol-

ume, muscle strength, agitation, and ability to 

follow commands. 

 

The electronic health record was queried to ex-

tract patient demographics, comorbidities, the 

type of surgery performed, and perioperative 

outcomes. Comorbidities were extracted using 

International Classification of Disease 10th Edi-

tion (ICD-10) codes present in the patients’ 

chart at the time of surgery. The coding defini-

tions are presented in the Appendix. Surgery 

types were defined based on the specialty of the 

primary surgeon. Perioperative outcomes evalu-

ated included minutes in the operating room 

(OR), minutes in the post anesthesia care unit 

(PACU), the first and last oxygen saturation 

(SpO2) documented in the PACU, minutes from 

last NMB agent administration to administration 

of the first reversal agent, length of stay 

(measured in days and hours), and rates of rein-

tubation.  

 

2.1. Statistical Analysis 

Univariate statistical analysis was performed to 

compare differences in demographics, comor-

bidities, surgeries performed, and outcomes be-

tween patients receiving neostigmine (N) and 

neostigmine followed by sugammadex (NS). 

Use of sugammadex after neostigmine was de-

fined as rescue use. Chi-square tests were per-

formed to compare binary data points, with 

Fisher’s exact test used as indicated. Two-sided 

independent samples t-tests were performed to 

compare continuous measures. A multiple back-

wards conditional logistic regression model was 

then created to evaluate predictors of patients 

receiving NS. All independent variables were 

entered into the model, and over 16 steps all var-

iables not affecting overall model fit with the 

endpoint were eliminated. A receiver operating 

characteristics (ROC) curve was then generated 

to assess overall model performance and the op-

timal sensitivity and specificity were calculated. 

All statistical analysis was performed in SPSS 

version 27 (IBM, Armonk, NY). P-values of 

<0.05 were treated as statistically significant. 

 

 

3. RESULTS 

In comparison to patients requiring N only, 

those receiving NS had significantly higher 

BMIs (N: 30.9 ± 7.7 kg/m2 vs. NS: 33.6 ± 8.9, 

p<0.001) and were more likely to be of non-

white race (N: 23.6% vs. NS: 30.8%, p<0.001). 

No differences in age or gender were observed 

between groups. Evaluation of comorbidities 

highlighted that those receiving NS had higher 

rates of sleep apnea, other respiratory diseases, 

diabetes, chronic kidney disease, hypertensive 

disease, and pulmonary hypertensive disease or 

pulmonary circulatory disease (all p<0.05). This 

was reflected by a higher proportion of patients 

with an American Society of Anesthesiologists 

(ASA) score ≥ 3 in the NS group (N: 46.0% vs. 

NS: 55.4%, p<0.001). Finally, significant differ-

ences in the types of surgeries performed were 

observed (p<0.001). In the N group, the most 

common surgeries performed were general 

(44.0%), orthopedics (22.4%), and obstetrics & 

gynecology (11.2). In the NS group the three 

most common surgeries were general (60.2%), 

orthopedics (9.3%), and thoracic (9.0%) (Table 

1). 
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Table 1. Patient Demographics, Comorbidities, and Surgeries Performed 

Characteristic Neostigmine (N=6684) 
Neostigmine and 
Sugammadex (N=420) 

P-Value 

Demographics       

 Age (yrs.) 56.8 ± 16.5 56.5 ± 16.4 0.699 

 BMI (kg/m2) 30.9 ± 7.7 33.6 ± 8.9 <0.001 

  BMI ≥ 30 3129 (46.9) 248 (59.3) <0.001 

  BMI ≥ 35 1712 (25.7) 162 (38.8) <0.001 

  Female 3994 (59.8) 270 (64.3) 0.066 

  Non-White Race 1469 (23.6) 119 (30.8) 0.001 

Comorbidities       

  ASA ≥ 3 3066 (46.0) 232 (55.4) <0.001 

  Sleep Apnea 997 (14.9) 84 (20.0) 0.005 

  COPD 358 (5.4) 31 (7.4) 0.077 

  Other Respiratory Disease 1188 (17.8) 108 (25.7) <0.001 

  Diabetes 1110 (16.6) 88 (21.0) 0.021 

  Chronic Kidney Disease 474 (7.1) 48 (11.4) 0.001 

  Liver Disease 321 (4.8) 26 (6.2) 0.201 

  CHF 202 (3.0) 19 (4.5) 0.086 

  Hypertensive Disease 3406 (51.0) 252 (60.0) <0.001 

  Ischemic Heart Disease 658 (9.8) 42 (10.0) 0.917 

  
Pulmonary Hypertensive Disease or 
Pulmonary Circulatory Disease 

57 (0.9) 13 (3.1) <0.001 

  Other Heart Disease 805 (12.0) 52 (12.4) 0.837 

  Neoplasm 1511 (22.6) 94 (22.4) 0.915 

  Nicotine Dependence 690 (10.3) 42 (10.0) 0.833 

Surgery Type     <0.001 

  General 2942 (44.0) 253 (60.2)   

  Breast 192 (2.9) 6 (1.4)   

  Other 61 (0.9) 4 (1.0)   

  Obstetrics & Gynecology 748 (11.2) 27 (6.4)   

  Neurosurgery 333 (5.0) 15 (3.6)   

  Orthopedics 1495 (22.4) 39 (9.3)   

  ENT 92 (1.4) 2 (0.5)   

  Plastics 109 (1.6) 9 (2.1)   

  Thoracic 195 (2.9) 38 (9.0)   

  Urology 306 (4.6) 20 (4.8)   

  Vascular 211 (3.2) 7 (1.7)   

  

P-values <0.05 in bold 
Data presented as average ± standard deviation or n (%) 
ASA- American Society of Anesthesiologists Physical Status Classification System 
COPD- chronic obstructive pulmonary disease 
CHF – congestive heart failure 
ENT - otololyrngology 
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During the perioperative period, patients receiving 

NS experience longer recovery times in PACU (N: 

144.8 ± 96.2 min. vs. NS: 155.8 ± 94.0, p=0.023). 

These patients also had a shorter time from the last 

dose of NMB agent to first dose of reversal medi-

cation (N: 73.2 ± 42.1 min. vs. NS: 54.3 ± 64.8, 

p<0.001) and experienced higher rates of re-

intubation (N: 6.3% vs. NS: 9.3%, p=0.015). No 

differences in first or last SpO2 were observed be-

tween groups. Overall, patients receiving NS expe-

rienced longer hospital stays than those receiving 

only N (N: 1.88 ± 3.32 days vs. NS: 2.7 ± 4.39, 

p<0.001) (Table 2). 

 

TOF-C was documented prior to neostigmine ad-

ministration in 2,146 (19.8%) cases and after ne-

ostigmine administration in 907 (8.4%) cases. Prior 

to neostigmine administration the average TOF-C 

was 2.9 ± 1.4, and the average TOF-C was 4.0 ± 

0.3 after neostigmine administration. In patients 

receiving both neostigmine and sugammadex the 

average TOF-C after neostigmine administration 

was 3.7 ± 0.8.  

 

In the final backward conditional multivariate lo-

gistic regression model, 14 independent variables 

were retained as predictors of patients requiring 

NS. All variables were independently significant 

predictors with the exception of neurosurgery 

(p=0.052) and ENT surgery (p=0.069). Females, 

non-white patients, and those with a BMI ≥ 35 kg/

m2 were at increased risk for requiring NS. Of the 

comorbidities examined, respiratory disease, chron-

ic kidney disease, hypertensive disease, and pulmo-

nary hypertensive disease or pulmonary circulatory 

disease were all independent predictors of in-

creased risk of receiving NS. The strongest rela-

tionship observed was between pulmonary hyper-

tensive disease or pulmonary circulatory disease 

and risk for receiving NS (OR: 3.155, 95% CI: 

1.645-6.048, p=0.001). For analysis of surgery 

types, general surgery was used as the basis of 

comparison for all groups. In comparison to pa-

tients undergoing general surgery, those undergo-

ing breast surgery, obstetric & gynecologic surgery, 

orthopedic surgery, and vascular surgery were at 

significantly decreased risk of receiving NS, while 

those undergoing thoracic surgery were more likely 

to receive NS (OR: 2.329, 95% CI: 1.530-3.544, 

p<0.001) (Table 3). When applied to the data set, 

the model generated an area under the curve (AUC) 

of 0.681 (95% CI: 0.654-0.708), indicating moder-

ate predictive value. At the optimal cutoff point, 

patients receiving NS were able to be identified 

with a sensitivity of 78% and specificity of 48% 

(Figure 1). 

Table 2. Perioperative Outcomes 

Outcome Measure Neostigmine (N=6684) 
Neostigmine and 
Sugammadex (N=420) 

P-Value 

Minutes in OR 138.1 ± 66.9 132.8 ± 80.3 0.190 

Minutes in PACU 144.8 ± 96.2 155.8 ± 94.0 0.023 

First PACU SpO2 96.8 ± 3.5 96.5 ± 3.2 0.130 

Last PACU SpO2 96.9 ± 2.3 96.7 ± 2.6 0.290 

Minutes from Last NMB to First Reversal 
Agent 

73.2 ± 42.1 54.3 ± 64.8 <0.001 

LOS Days 1.88 ± 3.32 2.75 ± 4.39 <0.001 

LOS Hours 50.76 ± 79.00 71.72 ± 104.62 <0.001 

Reintubation 419 (6.3) 39 (9.3) 0.015 

P-values <0.05 in bold 

Data presented as average ± standard deviation or n (%) 

OR – operating room 

PACU – post anesthesia care unit 

SpO2 – oxygen saturation 

NMB – neuromuscular blockade 

LOS – length of stay 
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Table 3. Multiple Logistic Regression: Predictors of Patients Requiring Neostigmine and Sugammadex 

Independent Variable Odds Ratio (OR) OR 95% CI P-Value 

Female 1.277 1.012-1.611 0.039 

Non-White Race 1.309 1.036-1.654 0.024 

BMI ≥ 35 1.582 1.259-1.988 <0.001 

Other Respiratory Disease 1.303 1.006-1.687 0.045 

Chronic Kidney Disease 1.622 1.142-2.302 0.007 

Hypertensive Disease 1.303 1.042-1.629 0.020 

Pulmonary HD or Pulmonary Circulatory 

Disease 
3.155 1.645-6.048 0.001 

Breast Surgery 0.338 0.137-0.837 0.019 

Obstetric/Gynecologic Surgery 0.451 0.297-0.684 <0.001 

Neurosurgery 0.586 0.342-1.004 0.052 

Orthopedic Surgery 0.300 0.209-0.431 <0.001 

ENT Surgery 0.269 0.065-1.110 0.069 

Thoracic Surgery 2.329 1.530-3.544 <0.001 

Vascular Surgery 0.354 0.163-0.772 0.009 

P-Values <0.05 in bold 

HD – hypertensive disease 

ENT - otolaryngology 

Area under the curve = 0.681 (95% CI: 0.654-0.708)  

Figure 1. Model Performance in Predicting Neostigmine and Sugammadex 
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4. DISCUSSION 

In the present study, we observed significant dif-

ferences in demographics, comorbidity burden, 

and types of surgeries performed in patients re-

ceiving neostigmine alone versus those requiring 

neostigmine and sugammadex for NMB reversal. 

Overall, after risk adjustment, patients receiving 

neostigmine and sugammadex were more likely 

to be female, of non-white race, have increased 

BMIs, and a greater comorbidity burden than 

those requiring neostigmine only. In comparison 

to patients undergoing general surgery, those un-

dergoing thoracic surgery are at increased risk 

for requiring both reversal agents. These findings 

may assist anesthesiologists in identifying which 

patients are likely to require sugammadex for 

rescue NMB reversal after use of neostigmine 

and are therefore suitable candidates for using 

sugammadex as a first-line therapy. 

 

The safety and efficacy of sugammadex have 

been well described by previous studies. In a 

2017 meta-analysis, 4206 patients from 41 stud-

ies were reviewed.1 For moderate NMB, sugam-

madex 2mg/kg was compared to neostigmine 

0.05mg/kg. Time from second twitch to TOF 

ratio >0.9 was found to be 6.6 times faster in pa-

tients receiving sugammadex. Examination of 

deep NMB reversal compared sugammadex 4 

mg/kg to neostigmine 0.07 mg/kg. Sugammadex 

was found to be 16.8 times faster than neostig-

mine in in reversing NMB from post‐tetanic 

count (PTC) 1 to 5 to TOFR > 0.9. As secondary 

outcomes, any dose of sugammadex and neostig-

mine were compared to evaluate rates of adverse 

and serious adverse events. Significantly fewer 

composite adverse events in the sugammadex 

group compared with the neostigmine group. 

Risk of adverse events was 28% in the neostig-

mine group and 16% in the sugammadex group. 

Regarding specific adverse events, patients re-

ceiving sugammadex were at significantly less 

risk of bradycardia, postoperative nausea and 

vomiting (PONV) and overall signs of postoper-

ative residual paralysis. Both sugammadex and 

neostigmine were associated with serious ad-

verse events in less than 1% of patients, and data 

showed no differences in risk of serious adverse 

events between groups.1  

 

A unique aspect of our study design is our spe-

cific examination of risk factors for patients re-

quiring sugammadex as a second line NMB re-

versal agent after failed reversal with neostig-

mine. Other studies have examined risk factors 

for residual NMB that should be considered in 

addition to the factors presented in the current 

study when targeting appropriate candidates for 

receipt of sugammadex. Most commonly defined 

as a TOF ratio of <0.9 at admission to PACU,6 

complications of residual NMB include skeletal 

and upper airway muscular weakness, which 

may result in partial or complete airway obstruc-

tion, concurrent hypoxemia, and respiratory fail-

ure requiring reintubation.7,8 Surgical risk factors 

that must be considered include emergent sur-

gery, duration of surgery and type of procedure, 

while anesthetic considerations include the use 

of opioids, type and dose of NMB agent—and 

the resulting depth of blockade, and type of gen-

eral anesthetic used. Specific factors under the 

control of the anesthesiologist include increased 

risk of residual NMB in patients receiving a min-

imum alveolar concentration of inhaled agents 

>1, hypothermia upon arrival to PACU, and an 

interval of less than 30 minutes from administra-

tion of an NMB agent to reversal.9 Previously 

described patient-specific risk factors for residu-

al NMB include chronic obstructive pulmonary 

disease (COPD), diabetes, obesity, advanced 

age, and male sex.10-12 Despite the extensive lit-

erature investigating risk factors for residual 

NMB, few studies have attempted to develop 

predictive models for evaluating perioperative 
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risk. One such study, performed a retrospective 

review of 2144 adult noncardiac surgical patients 

and assessed the accuracy of a model for predict-

ing residual NMB against the true presence of a 

TOF ratio of <0.9 upon admission to PACU. The 

authors identified ten independent predictors of 

residual paralysis: hepatic failure, neurological 

disease, high-neostigmine dose, metastatic tu-

mor, female sex, short time between neuromus-

cular blocking agent administration and extuba-

tion, aminosteroidal neuromuscular blocking 

agent, BMI more than 35, absence of nurse anes-

thetist and having an experienced surgeon. The 

model generated an AUC of 0.63 (95% CI of 

0.60-0.66).13 While this study provides a valua-

ble tool for assessing perioperative risk, its inclu-

sion of NMB reversal agent as an independent 

predictor limits its applicability when attempting 

to pre or intraoperatively target appropriate pa-

tients for use of sugammadex as a first line re-

versal agent. We suggest the current study builds 

upon these results to address this limitation by 

including only preoperatively available infor-

mation in the predictive model. The clinical utili-

ty of the current study’s results is further sup-

ported by a recent study by Gilbertson et al. ex-

amining patterns of rescue reversal before and 

after the introduction of sugammadex to a single 

institution in 2016.14 This retrospective review of 

24,027 cases demonstrated that the rate of rescue 

reversal, defined as a second NMB reversal dose, 

increased from 6% of neostigmine cases prior to 

the introduction of sugammadex to 18% in 2018. 

In contrast, only 2.5% of cases using sugam-

madex for first-line reversal required rescue dos-

es. Using predictive models such as the one pre-

sented in the current study hold promise for pro-

actively identifying those patients that may de-

rive the greatest benefit from the lower rates of 

residual NMB observed with first-line sugam-

madex use. 

 

Given the clinical benefits of sugammadex over 

neostigmine for NMB reversal, its increased cost 

over neostigmine continues to be the primary 

factor limiting its routine use. In a recent analy-

sis, Thilen et al. concluded that routine adoption 

of sugammadex for 30 million patients per year 

would add a drug acquisition cost of over 3 bil-

lion dollars to institutions, translating to actual 

cost to insurers and patients of at least twice this 

amount.15 The authors expand on this to high-

light that sugammadex may be an expensive so-

lution that is not addressing the widespread fail-

ure to use quantitative monitoring to assess re-

sidual paralysis—which was recommended for 

routine use in a 2018 consensus statement—

resulting in potential overuse in patients with no 

need for pharmacologic reversal.16 Despite the 

high direct costs of sugammadex, other studies 

have found it to be cost-effective based on its 

ability to facilitate OR throughput and decrease 

complications related to incomplete NMB rever-

sal. The economic value derived from reducing 

postoperative pulmonary complications (PPCs) 

using sugammadex was evaluated by Jiang et al. 

In a one-year decision analytic model of a hypo-

thetical cohort of 100,000 patients, sugammadex 

was estimated to reduce PPC events by 12%, 

leading to a savings of $309 per procedure—a 

10.9% reduction in total cost.17  In a 2020 study 

by Hurford et al, the authors combined data from 

a local hospital system and previously published 

results to evaluate the modeled cost of using 

sugammadex, neostigmine, or no reversal drug. 

They concluded that routine reversal with 

sugammadex is preferable to both alternatives 

when accounting for potential savings in OR 

time if institutions value this resource at over 

$8.60/minute. When OR time was not consid-

ered, routine use of sugammadex was not recom-

mended solely on the basis of an increased ASA 

score of ≥ 3 or as a strategy to reduce PONV.4 

The results of this study are refuted by those of 
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Deyhim et al, who examined 640 cases at a sin-

gle tertiary hospital and found no significant dif-

ference between cases using sugammadex and 

those using neostigmine/glycopyrrolate after ad-

justing for confounding factors. Based on the 

increased cost of $178.20 for acquisition of 

sugammadex, and no correlation with OR time 

savings or increased workflow capacity, restric-

tive use of sugammadex based on clinical rele-

vance was recommended.18 If the assertion that 

routine use of sugammadex is cost effective 

based on potential OR time savings is to be ac-

cepted, further study is required to evaluate 

whether these time savings actually translate to 

additional surgical cases or performance of other 

productive clinical activities by staff, which has 

not been suitably evaluated to date.19,20 Within 

our cohort, using institutional costs a direct sav-

ings of $9987.60 ($20.50 per dose of neostig-

mine + $3.28 per dose of glycopyrrolate x 420 

patients) can be estimated by eliminating the use 

of neostigmine/glycopyrrolate in the 420 patients 

that ultimately required sugammadex to achieve 

complete NMB reversal. Although a modest eco-

nomic effect, the use of risk based algorithms 

such as the model presented in this work may 

enhance the true cost effectiveness of sugam-

madex by avoiding the cost of multiple medica-

tions rather than relying on potentially unrealiza-

ble gains in throughput.  

 

This study does have multiple limitations. As a 

single center retrospective study, it is possible 

that our population is not representative of the 

broader population. Second, this study is subject 

to significant potential for selection bias, as the 

primary endpoint was the clinical decision of 

which NMB reversal agent or combination there-

of to use. Similarly, although we suggest the use 

of rescue dosing of sugammadex as a proxy for 

residual NMB is warranted based on clinical ex-

perience, we cannot confirm the specific reason 

a second NMB reversal agent was used and 

whether appropriate indications for use were met 

in each case. Additionally, given the inconsistent 

documentation of TOF-C values we were unable 

to use this more objective measure of residual 

NMB as our primary endpoint. Third, we were 

unable to include a variety of potentially signifi-

cant aspects of the anesthetic management into 

our predictive model. Important other aspects 

such as NMB agent dosing and the specific types 

of inhaled anesthetics and concomitant intraoper-

ative medications received were not extractable 

from our medical record system. Opportunity to 

build upon and enhance the accuracy of our 

model by including these data exists. Fourth, due 

to the large sample size, we were unable to per-

form manual chart review to confirm the validity 

of the coded comorbidities, which has been pre-

viously described as variable.21,22 Finally, while 

our model generated an AUC of 0.681, in align-

ment with previously reported predictive models, 

this level of predictive accuracy is modest. How-

ever, we suggest that the relatively low risk of 

unnecessarily administering sugammadex in 

false positive cases warrants its use as a clinical 

decision support aid. NMB reversal agent selec-

tion must continue to be made based on the anes-

thesiologist’s clinical judgement on a patient 

specific basis.  

 

CONCLUSIONS 

Patients requiring sugammadex for rescue resid-

ual NMB reversal after receiving neostigmine 

were more likely to be female, of non-white 

race, have increased BMIs, and have increased 

rates of other respiratory disease, chronic kidney 

disease, hypertensive disease, and pulmonary 

hypertensive disease or pulmonary circulatory 

disease, and more likely to be undergoing tho-

racic surgery procedures. Based on these risk 

factors, a model for predicting which patients 

would receive both neostigmine and sugam-



Justin J. Turcotte PhD, MBA et al. 

——————————————————————————————————————————————————–

WWW.SIFTDESK.ORG 197 Vol-4 Issue-2 

SIFT DESK  

madex was generated with an AUC of 0.681, 

sensitivity of 78% and specificity of 48%. These 

findings may assist anesthesiologists in identify-

ing which patients are likely to require sugam-

madex for rescue NMB reversal after use of ne-

ostigmine and are therefore suitable candidates 

for using sugammadex as a first-line therapy.  

 

Core Tip 

After risk adjustment, patients who were female, 

of non-white race, have increased BMIs, have a 

greater comorbidity burden, or undergo thoracic 

surgery are at increased risk for requiring sugam-

madex after neostigmine. A model for predicting 

which patients would receive neostigmine and 

sugammadex was generated with an AUC of 

0.681 (95% CI: 0.654-0.708), sensitivity of 78% 

and specificity of 48%. These findings may as-

sist anesthesiologists in identifying which pa-

tients are likely to require sugammadex for res-

cue NMB reversal after use of neostigmine and 

are therefore suitable candidates for using 

sugammadex as a first-line therapy. 

 

Abbreviations 

NMB – neuromuscular blockade 

ICD-10 – International Classification of Disease 10th 

Edition 

OR – operating room 

PACU – post-anesthesia care unit 

SpO2 – oxygen saturation 

N – neostigmine 

NS – neostigmine and sugammadex 

ROC – receiver operating characteristics 

ASA – American Society of Anesthesiologists 

BMI – body mass index 

AUC – area under the curve 

TOF – train-of-four 

PTC – post-tetanic count 

PONV – postoperative nausea and vomiting 

COPD – chronic obstructive pulmonary disease 

PPC – postoperative pulmonary complication 
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