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Abstract
Background: Antagonism of neuromuscular blockade (NMB) induced by rocuronium and vecuronium can
be achieved with either neostigmine or sugammadex. Compared to sugammadex, antagonism with
neostigmine is more likely to result in incomplete reversal, i.e. residual neuromuscular blockade (rNMB).
The administration of additional doses of a reversal agent following an initial reversal dose may be a
marker for suspected rNMB. We studied the frequency and temporal patterns of repeat (rescue)
administration of reversal agents in patients who received an initial dose of neostigmine vs.
sugammadex.

Methods: We analyzed retrospective data from electronic anesthesia records to identify surgical patients
who received rescue dose reversal, de�ned as two or more doses of reversal agent, following
administration of non-depolarizing NMB and extubation in the operating room. We assessed rates of
rescue reversal over time following the introduction of sugammadex and compared rescue rates for
patients receiving neostigmine vs sugammadex.

Results: A total of 24,027 cases using cisatracurium, rocuronium, and vecuronium were analyzed.
Following the addition of sugammadex to formulary in 2016, reversal with neostigmine decreased from
79% to 5.3% (p <0.001) and the use of rescue reversal after neostigmine increased from 6.0% to 18%
(p<0.001).  In contrast, rescue reversal after sugammadex was 2.5%, with no change over the study period
(p=0.059).  The percentage of patients who were not given any reversal agent following non-depolarizing
NMB decreased from 20% to 13% (p<0.001). As neostigmine usage progressively decreased after
introduction of sugammadex, there was a corresponding increase in rescue reversal dosing when initial
reversal was attempted with neostigmine.

Conclusions: Repeated administration of a reversal agent was 7 times more likely to occur in patients
initially reversed with neostigmine compared to sugammadex. This �nding likely re�ects increased rates
of observed weakness in patients reversed with neostigmine. The correlation between decreasing
neostigmine use and increasing rescue reversal after neostigmine may indicate a progressive decline in
the effective use of neostigmine (as knowledge and experience waned), and/or decreasing con�dence in
its e�cacy.

Background:
Until 2016, anesthesia providers in the United States relied solely on anticholinesterase inhibitors (mainly
neostigmine) to antagonize the effects of non-depolarizing neuromuscular blocking drugs (NMBDs). Safe
and effective use of NMBDs relying on full antagonism with neostigmine can be challenging since
neostigmine is not a true reversal agent but an indirect antagonist that is ineffective for reversing from
deep or profound block(1) and has unpredictable results at moderate and even shallow blockade.(2, 3)
Full reversal of neuromuscular block with neostigmine requires careful dosing of NMBDs, proper
monitoring of blockade, and the presence of both su�cient spontaneous recovery prior to, and su�cient
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time following, administration.(4–6) As a result, about 40% of patients have residual neuromuscular
blockade (rNMB) in the recovery room following reversal with neostigmine.(4)

With the introduction of sugammadex to the US in 2006, rapid reversal from deep, and even profound
neuromuscular block was possible using relatively simple dosing.(7–10) Studies have suggested that
rNMB can be eliminated with the use of sugammadex, if dosed correctly based on twitch monitoring at
the ulnar nerve.(11) At our institution, sugammadex was made available without restriction for use by
anesthesia providers and in less than a year it became the reversal agent of choice, used in > 75% of
cases with non-depolarizing NMBDs. In previous work,(12) we showed that the introduction of
sugammadex was associated with a reduction in severe cases of rNMB, as evidenced by fewer patients
requiring mechanical ventilation in the post-anesthesia recovery unit (PACU). We had also informally
observed that sugammadex was being used in a “rescue” fashion to reverse suspected rNMB in patients
who appeared clinically weak following an initial dose of neostigmine.

Although administration after incomplete reversal with neostigmine is not an approved indication for
sugammadex, case reports have highlighted the potential use of sugammadex to treat rNMB after
incomplete reversal with neostigmine(13, 14) and others have suggested that administering neostigmine
combined with a subsequent lower dose of sugammadex could be an effective and cost-saving strategy
to reversal.(15)

In the current work, we studied the use of sugammadex as a rescue reversal among surgical patients at a
tertiary care academic medical center. We sought to determine the frequency of sugammadex rescue in
patients who had been reversed with neostigmine compared to those who had been reversed with
sugammadex.

Methods:
This study was approved by the Emory University Institutional Review Board (IRB00109451) prior to data
acquisition and analysis, including a waiver of written informed consent. Our data analysis plan was
included with our IRB submission. This manuscript was prepared in accordance with the Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE) statement and guidelines for improved
reporting of observational studies and propensity score analyses.(16)

Setting
Emory University Hospital is a large academic medical center with cases being performed using a care
team model of an Anesthesiologist supervising a resident, Anesthesia Assistant, or Certi�ed Registered
Nurse Anesthetist. Institutional policy requires the use of a qualitative nerve stimulator prior to patient
extubation. Additionally, institutional practice is to wait for the presence of at least 1 out of 4 twitches on
train-of-four assessment prior to the administration of neostigmine. Sugammadex was approved by the
Emory University Pharmacy and Therapeutics committee beginning April 2016 and made available for
use in the operating rooms without restriction.
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Inclusion Criteria
All cases performed in the main operating rooms at Emory University Hospital utilizing the electronic
medical record between January 2016 and December 2018 who were administered cisatricurium,
rocuronium, or vecuronium were included in this analysis.

Analysis
We analyzed retrospective data from electronic anesthesia records as stored in our institutional database
to identify surgical patients who received rescue dose reversal (de�ned as two or more doses of reversal
agent) following non-depolarizing neuromuscular blockade (de�ned as any dose of rocuronium,
vecuronium, or cisatracurium). We assessed reversal and rescue rates over time following the
introduction of sugammadex and compared rescue rates for patients receiving neostigmine vs
sugammadex.

Statistical Analysis
Statistical analysis was performed using JMP® Pro version 13.0.0 (SAS Institute Inc., Cary, NC, 1989–
2019). Student’s t-test was used to compare demographic differences between patient ages, sex, and use
of neuromuscular blockade reversal over time. Regression analysis using �t least squares was used to
evaluate frequency of additional doses of neuromuscular blockade reversal as rates as compared to
overall utilization of neostigmine as the primary reversal agent.

Results:
A total of 24,027 cases using cisatricurium, rocuronium, and vecuronium were performed in this time
interval. Neostigmine was utilized in 4,327 cases, sugammadex in 16,016, and no reversal was used in
3,684 cases. Following the introduction of sugammadex to formulary, the frequency of neostigmine
reversal and patients receiving no reversal both decreased in a statistically signi�cant manner (p < 0.001
for each) (Fig. 1). In 776 cases, two or more doses of neuromuscular blockade reversal were administered
to a patient (i.e. rescue reversal cases). Prior to the introduction of sugammadex, 6.0% of cases utilizing
neostigmine for reversal received rescue doses (all with neostigmine), however by 2018, 18% of cases
utilizing neostigmine received additional doses of NMB reversal (p < 0.001) (Fig. 2). In contrast, only 2.5%
of patients reversed with sugammadex required additional reversal agent, and this did not increase over
time (p = 0.059). Of the 251 cases in 2018 that received two or more doses, of NMB reversal, 37 used
neostigmine initially followed by sugammadex.

Discussion:
In this study, rescue reversal after neostigmine was 7 times higher than rescue reversal after
sugammadex, and the majority of patients who received rescue reversal were given sugammadex rather
than neostigmine. This highlights the greater effectiveness and providers’ growing con�dence in
sugammadex as a superior reversal agent.
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We also observed that the overall proportion of patients given additional reversal after initial neostigmine
reversal signi�cantly increased following the addition of sugammadex to formulary. This is demonstrated
by the correlation between decreased neostigmine usage and increased rescue rates following
neostigmine.

After its introduction into clinical use at our facility, sugammadex has rapidly gained popularity as the
primary means of neuromuscular blockade reversal in the operating room owing to its ease of dosing and
rapid reversal. As sugammadex reversal has become increasingly common, the total number of patients
receiving neostigmine reversal has signi�cantly declined. With this regression in neostigmine reversal, we
observed a 3-fold increase in the prevalence of patients given rescue reversal after attempted reversal
with neostigmine (6% vs 18%).

In part our �ndings illustrate the reduced likelihood of rNMB when reversing with sugammadex. Abad-
Gurumeta et al. performed a systematic review showing that sugammadex reduced all signs of residual
postoperative paralysis compared with neostigmine, with a relative risk reduction of at least 50% (17). A
recent Cochrane review comparing sugammadex and neostigmine reversal also showed meaningfully
reduced signs of postoperative residual paralysis in the sugammadex group with a relative risk of
0.40(18). O’Reilly-Shah et al. demonstrated the clinical implications of this by showing that the
introduction of sugammadex at a large tertiary hospital resulted in a signi�cant decrease in the incidence
of mechanical ventilation in PACU due to reduced incidence of rNMB(12).

While the evidence is convincing that patients who receive sugammadex reversal have less residual
neuromuscular blockade, it is noteworthy that patients who are now receiving neostigmine reversal have
an even higher prevalence of rescue reversal than previously seen(19). This phenomenon is no doubt due
in part to the fact that sugammadex actually allows for reversal of residual blockade in cases where
additional doses of neostigmine would not have been effective due to neostigmine’s ceiling effect, which
precludes any further positive effects on recovery once a full dose has been given. However, other
explanations may be at play, as this does not fully justify the rising use of rescue after initial reversal with
neostigmine.

There are several possible explanations for this �nding. One possibility is that providers are becoming
less and less familiar with neostigmine dosing and effective usage, due to the increased preference for
sugammadex reversal (many anesthesia residents remain unfamiliar with neostigmine dosing due to
prevalence of sugammadex reversal). Alternatively, providers may have become more perceptive in
recognizing residual weakness after seeing the rapid return to full strength with administration of
sugammadex. Regardless of the reason, it is important for providers to be cognizant that there have been
increased episodes of suspected residual weakness in patients receiving neostigmine. Those providers
choosing to use neostigmine reversal must be meticulous in assessing neuromuscular blockade when
dosing and con�rming full reversal(20). Use of a quantitative train of four monitor is recommended for
safe reversal with neostigmine(21).
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Study Limitations
While this study was conducted at a large academic hospital, it was performed at a single hospital, which
may limit the patient diversity and provider practice variability and therefore ability to generalize the
results to other institutions.

We looked at repeat dosing of reversal agents and think that is likely a marker for cases of suspected
weakness based on provider assessment. One potential weakness with our de�nition of rescue reversal is
that providers might choose to give reversal in divided doses to allow for more gradual reversal and
assessment of response. We think this phenomenon had limited impact on our data as the usual practice
in our institution is to document the full dose and add a comment to note if it was given in divided doses.
Also, we did not measure rNMB directly using a quantitative nerve monitor, nor did we prospectively
observe practice, so our interpretation of the reason for rescue dosing (suspected rNMB) is necessarily
somewhat speculative. Our institution primarily utilizes qualitative train-of-four monitoring (TOF) as
opposed to quantitative measurements (which are available but not routinely used). While quantitative
TOF measurement has been shown to be superior to qualitative, there is still a substantial proportion of
anesthesia providers using this measurement.

The majority of patients who received a rescue dose of reversal did not have a TOF assessment
documented at the time of rescue administration. Rather, the decision to administer a second dose of
reversal agent was made by the anesthesiologist based on subjective clinical features such as
tachypnea, low tidal volumes, shortness of breath and upper airway obstruction suggestive of residual
neuromuscular blockade.

Conclusion:
Safe and full reversal of NMB with neostigmine is challenging even when used regularly; with irregular
use the rates of weakness may be further increased. Unless they want to abandon the use of neostigmine
altogether, anesthesia providers need to stay vigilant with NMB management and neostigmine reversal,
minimize the dose of NMB when suitable, dose reversal appropriately and early enough, and ensure
proper assessment of recovery, ideally with quantitative monitoring. Those in academic institutions also
need to continue to provide education on the correct reversal techniques with both sugammadex and
neostigmine so that future providers are pro�cient in the use of both methods of reversal. Further studies
evaluating the use and effectiveness of sugammadex as the treatment for residual neuromuscular
blockade in the PACU need to be performed.

Abbreviations
1. NMB= neuromuscular blockade

2. rNMB= residual neuromuscular blockade

3. NMBDs= neuromuscular blocking drugs
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4. PACU= post-anesthesia recovery unit

5. TOF= train-of-four
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Tables
Table 1.   Patient characteristics.  2016 is the referent for tests of statistical significance.
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    2016 2017 p value 2018 p value

Patient Age range (mean)   13-95 (54.2) 13-94 (54.5) 0.300 11-97 (54.6) 0.193

Sex Male 3604 3650 0.575 3835 0.586

  Female 4144 4273 4521  

           

Total Cases Using Neuromuscular Blockade
                 

7,748 
             
 7,923 

             
 0.077 

               
 8,356 

       
0.013 

  Neostigmine
                 

3,003 
                 

880 
             
 0.003 

                   
444   <0.001 

  Sugammadex
                 

3,287 
             
 5,909   <0.001 

               
 6,820   <0.001 

  No Reversal
                 

1,458 
             
 1,134   <0.001 

               
 1,092   <0.001 

             

Cases requiring ≥ 2 reversal doses
                   

 282 
                 

243 
             
 0.282 

                   
251  0.227

Cases initially reversed with neostigmine requiring ≥ 2 reversal
doses % (n) 7.2% (217) 12.2% (107)

             
 0.006  18.0% (80) <0.001

Cases initially reversed with sugammadex requiring ≥ 2 reversal
doses % (n) 2.0% (65) 2.3% (136) 0.312 2.5% (171) 0.059

 

 

Figures

Figure 1
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Rates of neuromuscular blockade reversal with neostigmine, sugammadex, and no reversal over time.

Figure 2

Frequency of neuromuscular blockade rescue reversal graphed against neostigmine use


