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Abstract
This research aimed to assess the use of neuromuscular blockers (NMB) and its reversal, associated or not with neuraxial blockade,
after general anesthesia.
This retrospective study analyzed 1295 patients that underwent surgery with general anesthesia at Prof. Dr. José Aristodemo

Pinotti Hospital in 2013. The study included patients aged >1 year, with complete, readable medical charts and anesthetic records.
Rocuronium (ROC)was themost usedNMB (96.7%),with an initial doseof 0.60 (0.52–0.74)mg/kg and total dose of 0.38 (0.27–0.53)

mg/kg/h. In24.3%of thecases, neuraxial blockadewasassociatedwith a significantly longer anesthesia (P< .001) than in caseswithout
neuraxial block, regardless of technique (total intravenous (TIV) vs intravenous and inhalational (IV+IN)). In 71.9% of the cases, a single
dose of NMBwas used. Patients under TIV general anesthesia associated with neuraxial blockade had a lower total dose of ROC (mg/
kg/h) in comparisonwith TIVGAalone (0.30 (0.23–0.39) and0.42 (0.30–0.56)mg/kg/h, respectively,P< .001). The samewasobserved
for patients under IV+IN GA (0.32 (0.23–0.41) and 0.43 (0.31–0.56) mg/kg/h, respectively, P< .001). The duration of anesthesia was
longer according to increasing number of additional NMB doses (P< .001). Dose of neostigmine was 2.00 (2.00–2.00) mg or 29.41
(25.31–33.89)mg/kg. The interval between neostigmine and extubation was >30minutes in 10.9% of cases.
Themost widely usedNMBwasROC. Neuroaxial blockade (spinal or epidural) was significantly associated with reduced total dose

of ROC (mg/kg/h) during general anesthesia, even in the absence of neuromuscular monitoring and regardless of general anesthetic
technique chosen. In most cases, neostigmine was used to reverse neuromuscular block. The prolonged interval between
neostigmine and extubation (>30minutes) was neither associated with total doses of ROC or neostigmine, nor with the time of NMB
administration. This study corroborates the important role of quantitative neuromuscular monitors and demonstrates that neuraxial
blockade is associated with reduced total ROC dose. Further studies are needed to evaluate the possible role of neuraxial blockade in
reducing the incidence of postoperative residual curarization.

Abbreviations: ANOVA = analysis of variance, ASA = American Society of Anesthesiologists, BMI = body mass index, GA =
general anesthesia, IV + IN = intravenous and inhalational, NMB = neuromuscular blocker(s), NON-ROC = all other neuromuscular
blockers, except for rocuronium, PORC = postoperative residual curarization, ROC = rocuronium, TBW = total body weight,
TIV = total intravenous.
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Implication statement: This retrospective study evaluated the use of neuromuscular blocking agents in a tertiary hospital in Brazil. This analysis may promote the
development of strategies to improve use of NMB, reducing the incidence of residual neuromuscular block in postanesthetic care units and its complications in this
institution and in other services.
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Table 1

Patient demographic data; duration of anesthesia and surgery
(n=1295).
Age, y 48.00 (37.00–59.00)
Weight, kg 67.00 (59.00–78.00)
BMI, kg/m2 26.67 (23.43–30.48)
Height, cm 160.00 (154.00–164.00)
ASA physical status (1–5)
1 291 (22.5%)
2 695 (53.7%)
3 264 (20.4%)
4 38 (2.9%)
5 7 (0.5%)

Duration of anesthesia, min 130.00 (90.00–185.00)
Duration of surgery, min 80.00 (45.00–130.00)

Values expressed in median (q1–q3); number of patients (%—percentage of patients).
ASA=American Society of Anesthesiologists, BMI=body mass index.
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1. Introduction

Since 1954, after a study published by Beecher and Todd, the use
of neuromuscular blockers (NMB) has been associated with
increased perioperative mortality. The adequate reversal of NMB
at the end of surgery, either spontenously or by pharmacologic
means, reduces the risk of undesired effects of these drugs. It is
known that the occurrence of postoperative residual curarization
(PORC) is related to a number of complications, particularly
respiratory, and a longer stay in the postanesthetic care unit.[1–4]

The introduction of intermediate-acting NMB into clinical
practice has decreased the occurrence of PORC; however, its
incidence is around 56% and still considered elevated.[2,5–7]

Furthermore, the low use of neuromuscular monitoring and
undesired effects of inadequate neostigmine doses have sparked a
discussion on the use or nonuse of reversal agents.[8] Thus, the
study of the use of NMB and their reversal agents is mandatory in
clinical practice.
Previous surveys, usually conducted by distributing question-

naires to anesthesiologists, have shown a heterogeneous prefer-
ence regarding the use of NMB and their reversal agents. There is
a significant increase in the use of intermediate-acting drugs, with
considerable emphasis on rocuronium (ROC), particularly after
the introduction of Suggamadex into clinical practice.[9–12]

It is believed that analysis of NMB use, along with other
factors (e.g., anesthetic technique, dose, and time each drug is
used), may promote the development of strategies, aimed at
optimizing reversal of NMB and possibly reduce the compli-
cations related to its use in clinical practice. The purpose of this
study is to show the frequency and characteristics of NMB use
and their reversal agents in patients undergoing general
anesthesia (GA), with or without neuraxial blockade, in a
tertiary hospital in Brazil.

2. Materials and methods

This is a retrospective, analytical study, carried out at the surgical
center of “Professor Doutor José Aristodemo Pinotti Women’s
Hospital” at the State University of Campinas. The project was
approved by the National Research Ethics Committee on
September 2014, under Ethical Approval Certificate, number
38414514.9.0000.5404 and report number 896,589. Data
collection was based on a review of anesthesia records. The
ethical committee granted the study a waiver of informed consent.
The study included cases with complete and readable anesthetic

charts of female patients, over the age of 1 year, undergoing GA
during the year of 2013. In all the cases, the following parameters
were evaluated: demographic characteristics (age, weight, height,
bodymass index (BMI), andAmericanSociety ofAnesthesiologists
(ASA – physical status); anesthetic technique (total intravenous
(TIV) or intravenous and inhalational (IV+IN), associated or not
with neuraxial blockade; duration of anesthesia (time between
NMB injection and conclusion of anesthesia) and surgery;
neuromuscular blocking agent, reversing agent (neostigmine),
doses used and time of administration; intervals between the first
dose of NMB and neostigmine, between the last dose of NMB and
neostigmine and between neostigmine injection and conclusion of
anesthesia (time of extubation or removal of intubated patient
from the operating room).
For the analysis of ROC dose, a BMI ≥ or < 30kg/m2 was

considered. Total body weight (TBW) was used for patients with
a BMI< 30kg/m2 and ideal body weight for subjects with BMI ≥
30kg/m2.[13–15] TBW was considered to calculate the dose of
neostigmine.[16]
2

To calculate the total dose of NMB (mg/kg/h), the interval from
the first dose of NMB until neostigmine was considered. In cases
where neostigmine was not used, the duration of anesthesia
(interval between the initial dose of NMB and conclusion of
anesthesia) was considered.
The period between the initial dose of NMB and reversal with

neostigmine was analyzed. To assess the interval between the last
NMB dose and time of NMB reversal, cases were distributed into
intervals ≥ 45 or< 45minutes. The interval between neostigmine
injection and extubation was evaluated to determine whether this
period was > 30 or � 30minutes.
2.1. Statistical analysis

The sample size for this study was calculated based on the use of
neuromuscular blockers in other countries, described on previous
studies.[2,9,11,17] Since most data are based on surveys and there
are very few studies on this topic in Brazil, we considered results
from a large, single-center, prospective, observational study to
calculate sample size,[2] which encountered ROC to be the most
frequently used NMB, with a rate of 76%. Based on the fact that
ROC is the most widely available NMB at our institution, we
anticipated an incidence of use of rocuronium of 80%. For this
analysis we divided NMB into 2 groups: ROC and NON-ROC
(all other NMB, except ROC). Considering a dichotomous
endpoint, 1-sample study, power 80% and a=5%, the calculated
sample size was n=861. Taking into account the surgical volume
at our institution and allowing for losses due to incomplete
medical records and anesthetic charts, we reviewed data for
the period of 12 consecutive months prior to the beginning of
the study.
For comparisons of categorical data, the x2 and Fisher exact

tests were used. Numerical data were compared using analysis of
variance (ANOVA), Tukey test, Mann–Whitney U test, or the
Kruskal–Wallis H-test, as appropriate. Patients with missing data
on medical records and anesthetic charts, such as weight, dose of
anesthetic drugs used, duration of anesthesia and surgery, and
other relevant information, were excluded from the study.
Results from variables for which the sample did not follow a
normal distribution were expressed as median and interquartile
range (range between the first quartile and the third quartile)–-
median (q1–q3).
For statistical analysis, software R (R Foundation for

Statistical Computing, Vienna, Austria, 2016) was used. Another



Figure 1. Comparisons (violin plots) of duration of anesthesia (minutes)
according to general anesthetic technique associated or not with neuraxial
blockade. Kruskal–Wallis test and Tukey test (

∗
P< .001).

Figure 2. Duration of anesthesia versus number of additional doses of
rocuronium. Kruskal–Wallis test and Tukey test (P< .001).

Table 2

Analysis of total dose of rocuronium according to the general
anesthesia technique (TIV or IV+IN) and association or not with
neuraxial blockade (spinal or epidural).

Variables (N)
Dose total rocuronium

(mg/kg/h)
∗

P value†

TIV without neuraxial blockade (272) 0.42 (0.30–0.56) <.0001
TIV and epidural block (73) 0.26 (0.20–0.35)
TIV without neuraxial blockade (272) 0.42 (0.30–0.56) .018
TIV and spinal block (64) 0.34 (0.27–0.42)
IV+IN without neuraxial blockade (510) 0.42 (0.31–0.56) <.0001
IV+IN and epidural block (63) 0.31 (0.23–0.40)
IV+IN without neuraxial blockade (510) 0.42 (0.31–0.56) .002
IV+IN and spinal block (90) 0.32 (0.23–0.42)

IV+IN= intravenous and inhalational anesthesia, N=number of patients, TIV= total intravenous
anesthesia.
∗
Values expressed in median (q1–q3).

†Mann–Whitney test.
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software (JMP, Version 13.0, SAS Institute Inc, Cary, NC, 2016)
was used to generate graphs and plots.
3. Results

In the study period, a total of 1313 patients were selected, 18 of
whom were excluded due to missing data. Medical charts and
data of 1295 patients were analyzed. Neuromuscular monitoring
was not used in any of the cases.
Figure 3. Percentage of patients according to number of additional doses of
NMB. NMB=neuromuscular blocker.

3

Patient demographic data, duration of anesthesia, and surgery
are shown in Table 1. The most commonly used anesthetic
technique was IV+IN (55.9%), followed by TIV (44.1%).
Neuraxial blockade was associated with general anesthesia in
24.3% of the cases and the mean duration of anesthesia in these
cases was significantly longer (P<0.01), in comparison with
techniques without neuraxial block. When neuraxial blockade
was not associated, the Tukey test showed that the duration of
anesthesia in patients undergoing TIV anesthesia was significant-
ly shorter (P< .001) in comparison with those receiving IV+IN
anesthesia (Fig. 1).
The duration of anesthesia increased and was significantly

longer (P< .001) according to the number of additional doses of
NMB used (Fig. 2). However, in 71.9% of the cases, a single dose
of NMB was used and no additional doses were given (Fig. 3).
A neuromuscular blocking agent was not used in 12.4% (n=

160) of patients. In patients undergoing GA and receiving any
neuromuscular blocker (n=1135), rocuronium was used in
96.7% of the cases (n=1097), followed by cisatracurium 2.2%
(n=25), atracurium 0.4% (n=5), pancuronium 0.4% (n=5),
and succinylcholine (as a single NMB agent) 0.3% (n=3).
Therefore, for further data analysis on NMB used, only cases
receiving ROC were considered. All NMB doses were adminis-
tered by bolus; no continuous infusion of NMB was used.
Figure 4. Comparisons (violin plots) of total dose of rocuronium (mg/kg/h)
according to general anesthetic technique, associated or not with neuraxial
blockade. Kruskal–Wallis test and Tukey test (

∗
P< .001).
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Table 3

Distribution of patients according to the interval (> or� than 30 min) between neostigmine and extubation and the interval (≥ or< than 45
min) between the last dose of NMB and neostigmine.

Interval between last dose of NMB and neostigmine

Interval between neostigmine and extubation
Interval <45 min Interval ≥45 min

P value
∗

n % n %

Interval �30 min 56 83.58 839 89.54 .15
Interval >30 min 11 16.42 98 10.46

NMB=neuromuscular blocker(s).
∗
x2 test.
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The initial dose of ROC was 0.60 (0.52–0.74) mg/kg and total
dose was 0.38 (0.27–0.53) mg/kg/h, regardless of anesthetic
technique and whether it was associated or not with neuraxial
blockade (n=1097).
In patients receivingTIVGA, a total dose ofROC (mg/kg/h)was

significantly lower (P< .001) when neuraxial blockade was
associated (0.30 (0.23–0.39) mg/kg/h), in comparison with cases
without neuraxial blockade (0.42 (0.30–0.56) mg/kg/h). The same
wasobserved in patients undergoing IV+ INGA (0.32 (0.23–0.41)
mg/kg/h and 0.43 (0.31–0.56) mg/kg/h, respectively, P< .001).
When analyzed separately, both spinal and epidural blocks were
associated with a significantly reduced total dose of rocuronium
when compared with patients under the same general anesthetic
technique, but without an associated neuroaxial blockade
(Table 2). In patients receiving neuraxial blockade, there was no
difference in the total dose of rocuronium (mg/kg/h) when the
anesthetic techniquewas compared (P= .36). The sameoccurred in
patients without neuraxial blockade (P= .99) (Fig. 4).
Among patients receiving any competitive NMB (n=1132),

neostigmine was used in 89.4% of the cases (n=1012), at a total
dose of 2.00 (2.00–2.00) mg or 29.41 (25.31–33.89) mg/kg. In
10.61% (n=120), there was no NMB reversal. In 42.4% of the
cases, the dose of neostigmine was >30mg/kg and, in only 2.4%
of the cases, >50mg/kg. The time between the administration of
the initial dose of NMB and reversal with neostigmine was
110.00 (75.00–155.00) minutes. In cases where additional doses
of NMB were used, the time between the last NMB dose and
reversal with neostigmine was 70.00 (55.00–100.00) minutes. In
patients in whom there was no NMB reversal, the time between
the initial NMB dose and extubation (duration of anesthesia) was
180.00 (105.00–205.00) minutes, with a significant difference
(P= .03), in comparison with those receiving neostigmine
(140.00 (105.00–190.00) minutes). None of the cases in this
study received sugammadex.
In 10.9% of the cases, the interval between neostigmine

administration and extubation was > 30minutes. The distribu-
tion of patients according to interval (> or � than 30minutes)
between neostigmine and extubation was no different (P= .15)
when divided according to the interval (≥ or < than 45minutes)
between the last dose of NMB and neostigmine (Table 3). There
was no significant difference in the total dose (mg/kg/h) of ROC
Table 4

Analysis of total dose of rocuronium and neostigmine according to in

Variables Interval �30 min
∗

Dose total rocuronium, mg/kg/h 0.38 (0.28–0.52)
Dose total neostigmine, mg/kg 29.41 (25.31–33.89)
∗
Values expressed in median (q1–q3).

†Wilcoxon test.
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(P= .15) or neostigmine (P= .88) after patient distribution
according to the interval between neostigmine use and extubation
(> or � than 30minutes) (Table 4).
4. Discussion

This retrospective study was based on the review of medical
records and anesthetic charts. Despite the fact that we cannot
guarantee information obtained from these sources is a true
representation of reality, we considered it to be as close as
possible and to the best knowledge of the hospital’s clinical staff.
However, this is a limitation and a possible bias that we cannot
disconsider completely.
The most widely used NMB in this institution during the study

period was ROC, as also demonstrated in recent studies from
other institutions.[7,9,18] In the majority of cases, a single dose of
NMB was administered. This may have been related to the
duration of most anesthesia (approximately 2 hours), a result
similar to those described in other studies.[2,18]

In this study, the use of neostigmine in 89.4% of cases for the
reversal of neuromuscular block contradicts data from studies
conducted in other countries, where routine pharmacologic
reversal of neuromuscular block is performed by only a minority
of anesthesiologists.[17,19] Although 71.9% of patients received a
single dose of NMB and the mean duration of anesthesia was
142 minutes, reversal with neostigmine is still necessary,
especially in the absence of neuromuscular monitoring. A study
by Debaene et al[2] showed that the incidence of neuromuscular
blockade is high even after a single dose of NMB in surgical
procedures lasting 2 hours or more. However, routine use of
neostigmine, in the absence of monitoring, does not eliminate the
risk of residual blockade.[20,21] Thus, it is essential to use
quantitative neuromuscular monitoring and study the incidence
of PORC in the postanesthetic care unit.
The mean dose of neostigmine observed in this study was

2.02 mg or 30.18mg/kg, which is similar to that observed by
Kotake et al.[22] Those authors found a mean dose of 33mg/kg in a
prospective study, whenNMB reversal was performedwithout the
aid of neuromuscularmonitoring.[22] However, other studies[18,23]

have reported the use of doses (2.5 and 3.2mg) slightly higher than
those described in this study.Therefore, themeanneostigminedose
terval between neostigmine use and extubation (� 30 or > 30 min).

Interval >30 min
∗

P value†

0.42 (0.30–0.54) .15
28.84 (25.64–33.33) .88
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used in this institution was shown to be lower than the dose
recommended (40–70mg/kg) in the literature in situations inwhich
neuromuscular monitoring showed evidence of a deep or even a
moderate or superficial blockade.[24–29]

However, it is well known that high doses of neostigmine are
not exempt from unwanted effects, particularly when adminis-
tered in the presence of complete recovery from the neuromus-
cular block (T4/T1 ≥0.9). In this case, it may lead to muscle
weakness and affect function of the genioglossus muscle and
diaphragm.[8,30,31] These events may be related to both a
depolarizing block and an open-channel block, possibly
associated with excessive doses of neostigmine.[32,33] In addition,
muscarinic side effects of neostigmine have been described, such
as nausea and vomiting, bradycardia, prolongation of the Q-T
interval of the electrocardiograph, bronchoconstriction, stimula-
tion of salivary glands, miosis, and increased intestinal tone.[34]

In the absence of neuromuscular monitoring, routine use of
adequate neostigmine doses is currently recommended to
minimize the occurrence of PORC and its deleterious effects.
Therefore, the introduction of quantitative neuromuscular
monitoring into clinical practice is mandatory and urgent, since
it may contribute to the prevention of excessive doses of
neostigmine and its adverse effects.[21,24] It is known that clinical
judgement is insufficient to correctly determine the need for
reversal of NMB and the adequate use of neostigmine.[4,9,21]

However, decision on reversal of NMB is still based on clinical
judgement, notably in settings where neuromuscular monitoring
is not widely available or routinely used.[35] Previous studies have
shown that anesthesiologists usually elect NMB reversal based on
the moment and dose of the last NMB administration and
qualitative judgement of the adequacy of the breathing
pattern.[35] We believe this was also most likely the case in our
institution, even though it was not the objective of this study to
determine the decision-making process.
Previous studies have demonstrated potentiation of NMB by

volatile anesthetics, with a resultant decrease in the total dose of
these drugs.[36–39] The mechanism behind this interaction has still
not been fully elucidated. Potentiation may occur due to several
factors: effect of volatile agents on acetylcholine receptor
channels; action on the central nervous system, causing reflex
medullary depression and contributing to tone reduction with
skeletal muscular relaxation; decreased postjunctional synaptic
membrane sensitivity to depolarization caused by acetylcholine;
and increased muscle blood flow, allowing a higher amount of
NMB to reach the site of action.[40,41]

Nevertheless, in this study, the difference observed in the total
dose of NMB between patients undergoing IV+IN and TIV
anesthesia is correlated with the presence or absence of neuraxial
blockade and not with the inhalational agent. Our study did not
show any association with lower doses of NMB in anesthesias
using inhalational agents when compared with TIV anesthesias.
This result may be due to the absence of neuromuscular
monitoring. Potentiation of neuromuscular block by volatile
agents may have gone undetected by the anesthesiologist and did
not imply a decreased dose of NMB used.
In prolonged anesthesias, additional doses of NMB were used

more frequently. However, when the total dose of rocuronium
was evaluated in mg/kg/h, taking into account the duration of
anesthesia, this dose was lower in patients receiving neuraxial
blockade. As described in clinical and experimental studies, the
use of lower doses of NMBmay be justified not only by the motor
block caused by local anesthetics, but also by the interaction
between local anesthetics and NMB.[42–46] However, there is still
5

controversy over the mechanisms behind this interaction, which
seems to bemultifactorial and due to different mechanisms. In the
presynaptic region, local anesthetics alter motor fiber conduction
and reduce the release of acetylcholine. In the postsynaptic
region, local anesthetics lead to receptor desensitization, cause
temporary occlusion of nicotinic receptor channels, and interfere
in the process of excitation–contraction coupling of the muscle
fiber.[42,43,46–49] Previous authors have found that neuraxial
blockade can be related to reduction on the needed dose of NMB
during GA or delayed recovery to TOF ratio of 0.9 when
unchanged doses of NMB are administered.[45,47] These reports
were prospective studies with smaller group of patients and with
the aid of neuromuscular monitoring.
An interval longer than 30minutes between neostigmine

administration and extubation occurred in 10.9% of cases,
suggesting that incomplete recovery of neuromuscular block
occurred in these patients. Compared with patients in whom the
interval was� 30minutes, this longer time until extubation had no
relationship with the interval between the initial dose of NMB and
neostigmine use, the interval between the last dose of NMB and
neostigmine use, the total dose of rocuronium (mg/kg/h) or dose of
neostigmine. We hypothesize that these patients perhaps exhibited
a wider interval between neostigmine administration and extuba-
tion due to insufficient or excessive doses of neostigmine, or the
drug was given at an inappropriate time. Furthermore, the residual
effectsof central nervous systemdepressants inherent tootherdrugs
used in GA (opioids, hypnotics, etc.) must be considered.
In summary, our current study evidences that in a real-life

setting, even in the absence of neuromuscular monitoring,
neuroaxial blockade (spinal or epidural) is significantly associat-
ed with reduced total dose of NMB during GA. This is of
paramount importance, especially in settings without quantita-
tive neuromuscular monitoring, as it endorses previous recom-
mendations that regional anesthesia may be used as a strategy to
prevent residual paralysis.[50] Additionally, our findings sustain
worldwide publications suggesting that currently used neostig-
mine doses are below recommendations when quantitative
neuromuscular monitors are not used in clinical practice.

5. Conclusion

The main neuromuscular blocking agent used was rocuronium.
In patients receiving neuraxial blockade, the total NMB dose (in
mg/kg/h) was lower, regardless of general anesthetic technique. In
the majority of cases, neostigmine was used to reverse neuromus-
cular block, at doses lower than recommended, and without
neuromuscular monitoring. The prolonged interval between
neostigmine and extubation (> 30minutes) did not correlate with
the total dose of rocuronium, total dose of neostigmine or time of
NMBadministration. The results of this study corroborate the role
of quantitative neuromuscular monitors and the need of adjusting
doses of neostigmine in settings where quantitative neuromuscular
monitors are not available. Neuraxial blockade was associated
with reduced doses of NMB during GA and Future studies are
needed to evaluate the possible role of neuraxial blockade in
reducing the incidence of PORC.

Acknowledgment

The authors thank Prof Dr Rafael Pimentel Maia from the
Department of Statistics of the Mathematics, Statistics and
Computational Science Institute of the State University of
Campinas for aiding with the statistical analysis, charts, and
interpretation of results.

http://www.md-journal.com


[27] Sacan O, White PF, Tufanogullari B, et al. Sugammadex reversal of

Santos et al. Medicine (2017) 96:26 Medicine
References

[1] Beecher HK, Todd DP. A study of the deaths associated with anesthesia
and surgery: based on a study of 599, 548 anesthesias in ten institutions
1948-1952, inclusive. Ann Surg 1954;140:2–35.

[2] Debaene B, Plaud B, Dilly MP, et al. Residual paralysis in the PACU after
a single intubating dose of nondepolarizing muscle relaxant with an
intermediate duration of action. Anesthesiology 2003;98:1042–8.

[3] Murphy GS. Residual neuromuscular blockade: incidence, assessment, and
relevance in the postoperative period. Minerva Anestesiol 2006;72:97–109.

[4] Claudius C, Garvey LH, Viby-Mogensen J. The undesirable effects of
neuromuscular blocking drugs. Anaesthesia 2009;64(suppl 1):10–21.

[5] Murphy GS, Szokol JW, Avram MJ, et al. Intraoperative acceleromyog-
raphy monitoring reduces symptoms of muscle weakness and improves
quality of recovery in the early postoperative period. Anesthesiology
2011;115:946–54.

[6] Kopman AF, Zank LM, Ng J, et al. Antagonism of cisatracurium and
rocuronium block at a tactile train-of-four count of 2: should
quantitative assessment of neuromuscular function be mandatory?
Anesth Analg 2004;98:102–6.

[7] Fortier LP, McKeen D, Turner K, et al. The RECITE study: a Canadian
prospective, multicenter study of the incidence and severity of residual
neuromuscular blockade. Anesth Analg 2015;121:366–72.

[8] Eikermann M, Zaremba S, Malhotra A, et al. Neostigmine but not
sugammadex impairs upper airway dilator muscle activity and breathing.
Br J Anaesth 2008;101:344–9.

[9] NaguibM, Kopman AF, Lien CA, et al. A survey of current management
of neuromuscular block in the United States and Europe. Anesth Analg
2010;111:110–9.

[10] Duvaldestin P, Cunin P, Plaud B, et al. [French survey of neuromuscular
relaxant use in anaesthetic practice in adults]. Ann Fr Anesth Reanim
2008;27:483–9.

[11] Almeida MC. Neuromuscular blockers in Brazil. Rev Bras Anestesiol
2004;54:850–64.

[12] Locks Gde F, Cavalcanti IL, Duarte NM, et al. Use of neuromuscular
blockers in Brazil. Rev Bras Anestesiol 2015;65:319–25.

[13] Viby-Mogensen J, Engbaek J, Eriksson LI, et al. Good clinical research
practice (GCRP) in pharmacodynamic studies of neuromuscular block-
ing agents. Acta Anaesthesiol Scand 1996;40:59–74.

[14] Ingrande J, Lemmens HJ. Dose adjustment of anaesthetics in the
morbidly obese. Br J Anaesth 2010;105(suppl 1):i16–23.

[15] Meyhoff CS, Lund J, JenstrupMT, et al. Should dosing of rocuronium in
obese patients be based on ideal or corrected body weight? Anesth Analg
2009;109:787–92.

[16] De Baerdemaeker LEC, Mortier EP, Struys MMRF. Pharmacokinetics in
obese patients. BJA Educ 2004;4:152–5.

[17] Fuchs-Buder T, Hofmockel R, Geldner G, et al. [The use of
neuromuscular monitoring in Germany]. Anaesthesist 2003;52:522–6.

[18] Ledowski T, Hillyard S, O’Dea B, et al. Introduction of sugammadex as
standard reversal agent: impact on the incidence of residual neuromus-
cular blockade and postoperative patient outcome. Indian J Anaesth
2013;57:46–51.

[19] Osmer C, Vogele C, Zickmann B, et al. Comparative use of muscle
relaxants and their reversal in three European countries: a survey in
France, Germany and Great Britain. Eur J Anaesthesiol 1996;13:389–99.

[20] Reid JE, Breslin DS, Mirakhur RK, et al. Neostigmine antagonism of
rocuronium block during anesthesia with sevoflurane, isoflurane or
propofol. Can J Anaesth 2001;48:351–5.

[21] Brull SJ, Murphy GS. Residual neuromuscular block: lessons unlearned.
Part II: methods to reduce the risk of residual weakness. Anesth Analg
2010;111:129–40.

[22] Kotake Y, Ochiai R, Suzuki T, et al. Reversal with sugammadex in the
absence of monitoring did not preclude residual neuromuscular block.
Anesth Analg 2013;117:345–51.

[23] Esteves S, Martins M, Barros F, et al. Incidence of postoperative residual
neuromuscular blockade in the postanaesthesia care unit: an observa-
tional multicentre study in Portugal. Eur J Anaesthesiol 2013;30:243–9.

[24] Kopman AF, Eikermann M. Antagonism of non-depolarising neuro-
muscular block: current practice. Anaesthesia 2009;64(suppl 1):22–30.

[25] Blobner M, Eriksson LI, Scholz J, et al. Reversal of rocuronium-induced
neuromuscular blockade with sugammadex compared with neostigmine
during sevoflurane anaesthesia: results of a randomised, controlled trial.
Eur J Anaesthesiol 2010;27:874–81.

[26] Kirkegaard H, Heier T, Caldwell JE. Efficacy of tactile-guided reversal
from cisatracurium-induced neuromuscular block. Anesthesiology
2002;96:45–50.
6

rocuronium-induced neuromuscular blockade: a comparison with
neostigmine-glycopyrrolate and edrophonium-atropine. Anesth Analg
2007;104:569–74.

[28] Jones RK, Caldwell JE, Brull SJ, et al. Reversal of profound rocuronium-
induced blockade with sugammadex: a randomized comparison with
neostigmine. Anesthesiology 2008;109:816–24.

[29] Donati F, Smith CE, Bevan DR. Dose-response relationships for
edrophonium and neostigmine as antagonists of moderate and profound
atracurium blockade. Anesth Analg 1989;68:13–9.

[30] Caldwell JE. Reversal of residual neuromuscular block with neostigmine
at one to four hours after a single intubating dose of vecuronium. Anesth
Analg 1995;80:1168–74.

[31] Eikermann M, Fassbender P, Malhotra A, et al. Unwarranted
administration of acetylcholinesterase inhibitors can impair genioglossus
and diaphragm muscle function. Anesthesiology 2007;107:621–9.

[32] Legendre P, Ali DW, Drapeau P. Recovery from open channel block by
acetylcholine during neuromuscular transmission in zebrafish. J Neurosci
2000;20:140–8.

[33] Drapeau P, Legendre P. Neuromuscular transmission on the rebound.
Receptors Channels 2001;7:491–6.

[34] Srivastava A, Hunter JM. Reversal of neuromuscular block. Br J Anaesth
2009;103:115–29.

[35] Videira RL, Vieira JE. What rules of thumb do clinicians use to decide
whether to antagonize nondepolarizing neuromuscular blocking drugs?
Anesth Analg 2011;113:1192–6.

[36] Braga Ade F, Braga FS, Poterio GM, et al. The influence of sevoflurane
and isoflurane on the recovery from cisatracurium-induced neuromus-
cular block. Rev Bras Anestesiol 2002;52:517–24.

[37] Wulf H, Ledowski T, Linstedt U, et al. Neuromuscular blocking effects of
rocuronium during desflurane, isoflurane, and sevoflurane anaesthesia.
Can J Anaesth 1998;45:526–32.

[38] Lowry DW,Mirakhur RK,McCarthy GJ, et al. Neuromuscular effects of
rocuronium during sevoflurane, isoflurane, and intravenous anesthesia.
Anesth Analg 1998;87:936–40.

[39] Bock M, Klippel K, Nitsche B, et al. Rocuronium potency and recovery
characteristics during steady-state desflurane, sevoflurane, isoflurane or
propofol anaesthesia. Br J Anaesth 2000;84:43–7.

[40] Waud BE. Decrease in dose requirement of d-tubocurarine by volatile
anesthetics. Anesthesiology 1979;51:298–302.

[41] Brett RS, Dilger JP, Yland KF. Isoflurane causes “flickering” of the
acetylcholine receptor channel: observations using the patch clamp.
Anesthesiology 1988;69:161–70.

[42] Carvalho VH, Braga Ade F, Braga FS, et al. The influence of lidocaine
and racemic bupivacaine on neuromuscular blockade produced by
rocuronium. A study in rat phrenic nerve-diaphragm preparation. Acta
Cir Bras 2009;24:211–5.

[43] Braga Ade F, Carvalho VH, Braga FS, et al. Influence of local anesthetics
on the neuromuscular blockade produced by rocuronium: effects of
lidocaine and 50% enantiomeric excess bupivacaine on the neuromus-
cular junction. Rev Bras Anestesiol 2009;59:725–34.

[44] Carvalho VH, Braga Ade F, Braga FS, et al. Association between
levobupivacaine and pancuronium. Interference in neuromuscular
transmission and blockade in rats. Acta Cir Bras 2016;31:486–9.

[45] Agarwal A, Pandey R, Dhiraaj S, et al. The effect of epidural bupivacaine
on induction and maintenance doses of propofol (evaluated by bispectral
index) andmaintenance doses of fentanyl and vecuronium. Anesth Analg
2004;99:1684–8.

[46] Sahin SH, Colak A, Sezer A, et al. Effect of epidural levobupivacaine on
recovery from vecuronium-induced neuromuscular block in patients
undergoing lower abdominal surgery. Anaesth Intensive Care 2011;39:
607–10.

[47] Suzuki T, Mizutani H, Ishikawa K, et al. Epidurally administered
mepivacaine delays recovery of train-of-four ratio from vecuronium-
induced neuromuscular block. Br J Anaesth 2007;99:721–5.

[48] Braga Ade F, Carvalho VH, Braga FS, et al. Effect of
ropivacaine combined with pancuronium on neuromuscular transmis-
sion and effectiveness of neostigmine and 4-aminopyridine for
blockade reversal: experimental study. Rev Bras Anestesiol 2015;65:
136–40.

[49] Braga Ade F, Carvalho VH, Braga FS, et al. Evidence of presynaptic and
postsynaptic action of local anesthetics in rats. Acta Cir Bras
2013;28:774–7.

[50] Farhan H, Moreno-Duarte I, McLean D, et al. Residual paralysis: does it
influence outcome after ambulatory surgery? Curr Anesthesiol Rep
2014;4:290–302.


	Use of neuromuscular blockers and neostigmine for general anesthesia and its association with neuraxial blockade
	1 Introduction
	2 Materials and methods
	2.1 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion
	Acknowledgment
	References


