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Abstract

Background Neuromuscular blocking agents (NMBASs) are routinely used in anesthesia practice. An undetected,
incomplete recovery of neuromuscular function at the end of surgery potentially exposes patients to clinical deterio-
ration in the postoperative period.

The aim of this study was to investigate the incidence of postoperative residual neuromuscular blockade (RNMB)
in a cohort of patients receiving NMBAs.

Methods We enrolled 90 spontaneously breathing adult patients admitted to the recovery room (RR) after com-
pletion of surgeries having received at least 1 dose of NMBA. Anesthesia management, the dosage of NMBA used,
and whether monitoring of neuromonitoring function was employed or if a reversal agent was administered were all
at the discretion of the attending anesthesiologist, who was unaware that neuromuscular function was going to be
monitored in the RR.

The primary objective of this study was to determine the incidence of RNMB (defined as a train-of-four ratio < 0.9).
The secondary objectives were the number of postoperative adverse respiratory events and, for exploratory purposes,
the estimation of potential risk factors through logistic regression analysis.

Results RNMB occurred in 5 (5%) patients who had received only one dose of NMBA at induction of anesthesia.

Two patients with RNMB (40%) required O, supplementation during monitoring in the RR, compared to 11 patients
in the rest of the sample (13%). Additionally, 2 of these patients (2%) required O, supplementation before hospital
discharge due to O, desaturation < 92%. None of the patients with RNMB had received a reversal of neuromuscular
blockade at the end of surgery.

The association between RNMB and potential risk factors, assessed through multivariable logistic regression did
not yield significant results for any of the considered variables.

Conclusions RNMB can occur even when a single dose of NMBAs is administered. Despite decades of extensive
literature on the risks of RNMB and recent guidelines, routine monitoring of neuromuscular function and pharma-
cologic reversal of NMBA is still substandard. Routine monitoring of neuromuscular function is strongly advocated
to enhance the level of patient care.

Trial registration The study was registered at ClinicalTrials.gov (NCT06193213, date of registration: 05/01/2024).
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Introduction

Neuromuscular blocking agents (NMBAs) are routinely
used in anesthesia practice. An undetected, incomplete
recovery of neuromuscular function at the end of surgery
exposes patients to potential and preventable postopera-
tive adverse respiratory events [1, 2].

To date, real-time measurement of the train-of-four
ratio (TOFR) at the level of the adductor pollicis mus-
cle is considered the most appropriate method for neu-
romuscular assessment in clinical practice. Despite the
recognition of quantitative neuromuscular monitoring
(NMM) as the only effective measure for avoiding or
reducing postoperative residual neuromuscular block-
ade (RNMB), the incidence of RNMB due to inadequate
NMM is still high [3, 4].

Both the literature and expert opinion have ascribed
substandard NMM to the limited availability of moni-
toring devices in some hospitals and to clinicians’ reluc-
tance, attributable either to the belief that RNMB is a rare
event or overconfidence in their ability to qualitatively
assess patient’s neuromuscular function recovery [5].

The primary objective of this study was the incidence
of RNMB in patients admitted to the recovery room (RR)
after the completion of surgeries of any duration involv-
ing the use of nondepolarizing intermediate-acting neu-
romuscular blockers. Residual paralysis was defined as a
TOFR<0.9.

The secondary objectives were the number of postop-
erative adverse respiratory events and for exploratory
purposes, the estimation of potential risk factors through
logistic regression analysis.

Methods

This observational prospective study adheres to the
applicable Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines. It was
approved by the Territorial Ethics Committee (Comitato
Etico Territoriale Lazio Area 3—Roma, ID Number: 5991,
Protocol Number 0000494/23, 29/11/2023) and it was
registered at ClinicalTrials.gov (NCT06193213, date of
registration: 05/01/2024).

Written, informed consent was obtained from all
patients before enrolment. The study was conducted
between February and May 2024 at Fondazione Policlin-
ico Universitario Agostino Gemelli IRCSS, Rome, Italy, in
accordance with Good Clinical Practice guidelines and
the principles of the Declaration of Helsinki.

We included 90 spontaneously breathing adult
patients, American Society of Anesthesiologists (ASA)
physical status I-1II, who were admitted to the RR after
completion of non-abdominal surgery under general
anesthesia having received at least one dose of a nonde-
polarizing neuromuscular blocking agent for endotra-
cheal intubation or maintenance of neuromuscular
blockade.

Patients undergoing emergency surgery, those with
neuromuscular pathologies, or those requiring post-
operative monitoring in the Intensive Care Unit were
excluded from the study.

Given the observational nature of the study, anes-
thesia management was not standardized—dosing
of NMBAs, use of NMM, administration of reversal
agents, and timing of extubation were all left to the dis-
cretion of the attending anesthesiologist, in accordance
with its clinical routine. The anesthesiologist in charge
in the operating room was unaware that neuromuscular
function was going to be monitored in the RR.

NMM devices available in every operating theatre are
TOFscan® Driger-Drigerwerk AG & Co. KGaA, Ger-
many or NMT MechanoSensor, GE Healthcare—United
States.

Within 5 min from arrival in the RR, an independ-
ent researcher assessed the contraction of the adductor
pollicis using acceleromyography (TOFscan® Driger-
Drigerwerk AG & Co. KGaA, Germany).

Two TOFR measurements were performed 30 s apart.
The nerve was stimulated with 4 stimuli of 40 mA of
amplitude, at a frequency of 2 Hz, each of a duration of
0.2 ms. In analogy with other studies [6, 7], if the dif-
ference between the two measurements was <10%, the
average value was considered for the analysis. If the dif-
ference was >10%, a third measurement was taken, and
the two closest results were averaged. Those patients
presenting with residual blockade were monitored and
eventually administered sugammadex to restore normal
neuromuscular function, assessed by subsequent TOFR
measurements.

Data related to the anesthesia performed, including
the agents used, whether neuromuscular monitoring
was employed, and the timing of administration of neu-
romuscular blocking drugs and reversal agents, if appli-
cable, were recorded. The duration of stay in the RR
along with any adverse respiratory events that occurred
in the RR and up until hospital discharge were also doc-
umented. Respiratory adverse events were defined as
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episodes of desaturation (SpO, < 92%) requiring oxygen
supplementation or the detection of atelectasis, pneu-
monia, or pleural effusion of noncardiac origin found
on thoracic imaging tests eventually performed during
the hospital stay.

Statistical analysis

From a meta-analysis published in 2020 by Carvalho [8],
which included 53 studies and a total of 12,664 patients,
we extrapolated 22 studies (#=4268) with population,
objectives, and methodology similar to our study. In these
studies, regardless of whether an intraoperative moni-
toring system of neuromuscular function was adopted,
the incidence of RNMB (defined as a TOFR<0.9) after
the use of intermediate-acting neuromuscular blockers,
detected in the RR using acceleromyography was 28%.

Assuming the same incidence of 28%, we estimated
that a sample size of 78 patients would be required to
estimate the expected proportion with an absolute preci-
sion of 10% and a 95% confidence level.

Assuming a drop-out of 15%, the sample was increased
to 90 patients.

Data are presented as mean+standard deviation or
median (interquartile range) for numerical data or N (%)
for categorical or ordinal data. The normality distribution
of numerical data was assessed with the Shapiro—Wilk
test and visually by histograms.

The association between RNMB and potential risk fac-
tors was assessed for exploratory purposes using multi-
variable logistic regression analysis. Patient age, duration
of anesthesia, type of anesthesia (inhalational or total
intravenous), type of NMBA, number of doses and total
dosage of NMBA administered, and whether or not neu-
romuscular blockade was reversed were considered as
possible risk factors. Multicollinearity was assessed by
calculating variance inflation factors (VIF) for each con-
sidered variable.

A p-value <0.05 was considered statistically significant.
Data analysis was performed using R (R Foundation for
Statistical Computing, Austria; version 4.3.3).

Results

Ninety patients were included in this analysis. The mean
age was 57 (42, 71) years, and the majority were female
(52%) and classified as ASA II (60) (see Table 1).

The most common type of surgery was head and neck
followed by spinal surgery, with a median anesthesia
duration of 121 (79, 215) min.

Rocuronium was the sole NMBA used and only 5 (5%)
patients received more than 1 dose during surgery. The
mean administered dose of NMBA was 0.5 (0.20) mg
kg™!. Neuromuscular monitoring was documented on
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Table 1 Patient characteristics
Patient characteristics Total
patients
(N=90)
Age, years 57(42,71)
Height, cm 168+9
Weight, kg 73£13
Body mass index, kg/m? 26+4
Female 47 (52)
Male 43 (48)
ASA status
1 27 (30)
2 54 (60)
3 9(10)
Comorbidities
Cardiovascular diseases 33(37)
Pulmonary diseases 11(012)
Diabetes 6 (7)
Renal 1(1)
History of cancer 15(17)
Type of surgery
Head and neck 45 (50)
Spinal 28 (31)
Breast 7(8)
Reconstructive 7 (8)
Orthopedic 303)

Data are presented as N (%), mean + standard deviation, or median (interquartile
range)

ASA American Society of Anesthesiologists

the anesthesia charts for 41 patients (45%), and TOFR at
extubation was recorded for 24 patients (27%) (Table 2).

Baseline TOFR was reported for only 3 patients so that
normalized TOFR could not be evaluated for patients
whose neuromuscular function was assessed with GE
devices (NMT MechanoSensor, GE Healthcare—United
States). Sugammadex was used to reverse residual neu-
romuscular blockade in 11 patients (12%) at the end of
surgery.

RNMB occurred in 5 (5%) patients upon arrival in the
RR. Three of them underwent head or neck surgery and
the other two patients, spinal surgery. The mean duration
of anesthesia was 136 (59) min. All of them had received
only 1 dose of NMBA at induction of anesthesia and
TOER at the end of surgery was not documented on the
anesthesia monitoring chart for any of these patients.

Two patients with RNMB (40%) required O, supple-
mentation during monitoring in the RR, compared to 11
patients (13%) in the rest of the sample. Additionally, 2
of these 11 patients (2%) required O, supplementation
before hospital discharge due to O, desaturation <92%.
None of patients with RNMB had received a reversal of



Piersanti et al. J Anesth Analg Crit Care (2025) 5:5

Table 2 Perioperative data and results
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Perioperative data and results

Total patients (N=90)

Duration of surgery, min
Duration of anesthesia, min

Time from last NMBA dose administration to the end of anesthesia in patients who received > 1 dose, min

Time from end of anesthesia to arrival in the RR, min
Inhalational anesthesia
Target-controlled infusion anesthesia
Total dosage of sufentanil, mcg
Total dosage of fentanyl, mcg
Use of remifentanil
Neuromuscular blocking agent:
Rocuronium
Total dosage of rocuronium, mg kg™
Received > 1 dose of rocuronium

Reversal agent use:

87 (58, 170)
121 (79, 215)
167 (115, 185)
6(5,8)
51(57)

39 (43)

15 (10, 20)
200 (100, 200)
52 (58)

90 (100)
0.50 (0.20)x\x\
5(5)

Sugammadex 11012)
Total dose of sugammadex, mg 200 (200, 300)
Number of anesthesia monitoring charts that reported intraoperative neuromuscular monitoring 41 (45)
Number of anesthesia monitoring charts that reported basal TOFR at induction of anesthesia 3(3)
Number of anesthesia monitoring charts that reported TOFR at extubation 24 (27)
Incidence of TOFR<0.9 at arrival in the RR 50)
Patients with TOFR < 0.9 requiring O, supplementation during recovery room stay 22
Monitoring time in the RR, min 60 (45, 75)
Hospital length of stay, days 2(1,3)

Data are presented as N (%), mean + standard deviation or median (interquartile range)

NMBA neuromuscular blocking agent, TOFR train-of-four ratio

neuromuscular blockade at the end of surgery and all of
them had received only one dose of NMBA.

The association between RNMB and related poten-
tial risk factors, assessed through multivariable logistic
regression did not yield significant results for any consid-
ered variable (see Table 3 in Supplementary Materials).

Discussion

The main findings of the present study are that RNMB
upon arrival in RR was not trivial (5%) even if only 5/90
patients had received more than one dose of NMBA dur-
ing surgery; intraoperative NMM rate was low (45% of total
enrolled cases), TOFR before extubation even lower (27%).

In most procedures performed in our specific setting,
muscle paralysis is induced to improve intubation qual-
ity, whilst deep NMB during maintenance of anesthesia is
rarely needed.

Among other factors, age>65 years [9], possibly due
to slower drug metabolism, and female sex [10, 11] have
been associated with RNMB when a single dose of NMBA
was administered to all or the vast majority of patients.

A long interval between the last administration of
muscle relaxant and extubation does not guarantee

full recovery, as a wide interindividual variability in the
duration of action of NMBAs might exist [12]. Our find-
ings further confirm those from a previous study from
Debaene et al. [13], who, in a cohort of 238 patients,
found that residual paralysis, tested more than 2 h after
NMBA administration, had an incidence of 37%.

National and international guidelines from anesthesi-
ologist societies [1, 4, 12, 14—17], expert opinions, and
review articles all advocate for the use of quantitative
monitoring of neuromuscular function whenever a mus-
cle relaxant is used, as an effective measure to limit the
risk of postoperative respiratory complications. How-
ever, evidence shows that compliance by anesthesiolo-
gists is low. A recent survey on neuromuscular blockade
management in Europe showed that on a total of around
17,000 patients exposed to a NMBA, NMM was not used
in nearly 60% of cases, which unsurprisingly increased
the rate of relaxant-associated postoperative pulmonary
complications [18].

In our observational study, NMM was documented
to have been adopted for only the 45% of the patients
and this percentage is in line with a comprehensive
meta-analysis published in 2020 by Carvalho [8], which
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reported the use of quantitative monitoring in 48% of
12,664 patients.

The erroneous belief that residual neuromuscular
blockade is a rare event, the limited availability or mal-
function of NMM equipment in some hospitals, patient’s
position, time pressure, lack of training, department
culture [19], and a significant degree of overconfidence
among anesthesiologists in their ability to manage
NMBA use without such guidance, may partially explain
the failure of its routinary adoption [20].

To improve the level of patient care, a number of
organizational and cultural changes have been proposed
by recent literature [4, 19] including widespread adoption
of NMM devices (preferably integrated into anesthesia
machines in every operating theatre), standardized moni-
toring and reporting routines across workplaces to main-
tain consistency in resident training, enhanced medical
education with e-learning modules and decision algo-
rithms, proper use, timing and dosages of reversal agents,
departmental tools like checklists to track guidelines
adherence and an-interned based reporting site intended
to identify the main obstacles to implementation.

Two out of 5 patients with RNMB received sevoflu-
rane for anesthesia maintenance: even if it is known that
inhalation agents prolong neuromuscular block, explora-
tory results of logistic regression as well as proportions
of patients with RNMB depending on the type of anes-
thesia did not yield statistically significant results (Fish-
er’s exact test p=0.651). Despite the limited sample size,
these results are consistent with those of Naguib [21] and
Carvalho [8].

In our surgical block, sugammadex was the preferred
agent for reversing NMBA. This preference can be attrib-
uted to the indirect mechanisms of action of anticholinest-
erase inhibitors, such as neostigmine, which are associated
with limited and unpredictable efficacy, ceiling effect, as well
as undesirable autonomic side effects, including hypersali-
vation, bradycardia, bronchoconstriction, and nausea [22].

Interestingly, Hayes et al. [9] in 2001 found that of
101/148 subjects who had received reversal with neostig-
mine, 49 (49%) had shown postoperative RNMB.

Recently, a Cochrane systematic review and meta-anal-
ysis [23] reported faster reversal times regardless of the
depth of NMB, and a better safety profile for sugamma-
dex compared to neostigmine.

This analysis is based on the results of an observational
study of a limited sample size, and it should be inter-
preted in light of its limitations. It was designed to reflect
current practice, so the presence of possible biases can-
not be excluded.

For instance, neuromuscular function monitoring
was recorded on anesthesia sheets in less than half of
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the cases, but we cannot exclude that NMM had been
adopted during surgery but not reported.

However, no serious postoperative respiratory events
were observed. Two patients with RNMB (40%) required
O, supplementation during monitoring in the RR, com-
pared to 11 patients (13%) in the rest of the sample, and
2 (2%) of them also required oxygen supplementation
before hospital discharge due to O, desaturation < 92%.

Mechanisms other than residual neuromuscular block-
ade, such as atelectasis induced by general anesthesia
itself, concomitant opioid use, or patient-specific risk
factors, may have contributed to the deterioration of gas
exchange in the postoperative period [24].

It is worth noting that most of the patients enrolled
were ASA I-II. We can hypothesize that more severe
effects might have been observed in frailer cases, where
even a limited desaturation could increase the risk of
serious consequences.

None of the patients who experienced minor respira-
tory events had received NMBA reversal at the end of
surgery.

A previous study by Martinez-Ubieto and collegues
[25] found that the global incidence of minor respiratory
episodes could be lowered by reversing neuromuscular
blockade at the end of surgery.

Conclusions
Despite decades of extensive literature on the risks of
RNMB and guidelines on perioperative management of
neuromuscular blockade, NMM remains far from being
routine practice. This study reinforces the observation
that current practice is inadequate and RNMB can occur
even after the administration of a single dose of NMBA.
Routine monitoring of neuromuscular function is
strongly advocated to improve the quality of patient care,
enhance recovery after surgery, and reduce postoperative
complications, but this requires both organizational and
individual behavioral changes.

Abbreviations

NMBAs  Neuromuscular blocking agents

RNMB Residual neuromuscular blockade

TOFR Train-of-four ratio

NMM Neuromuscular monitoring

RR Recovery room

STROBE  Strengthening the reporting of observational studies in epidemiology
ASA American Society of Anesthesiologists

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/544158-025-00226-1.

[ Additional file 1. Table 3 in supplementary materials. }



https://doi.org/10.1186/s44158-025-00226-1
https://doi.org/10.1186/s44158-025-00226-1

Piersanti et al. J Anesth Analg Crit Care (2025) 5:5

Acknowledgements
Not applicable.

Authors’ contributions

A.P: conception and design of the study, analysis and interpretation of data,
drafting the article for relevant intellectual content. R.G: conception and
design of the studly, drafting the article for relevant intellectual content. FS.:
conception and design of the study, drafting the article for relevant intellec-
tual content. M.D.V.: analysis and interpretation of data, drafting the article for
relevant intellectual content. R.L.: drafting the article for relevant intellectual
content. M.R:: conception and design of the study, drafting the article for
relevant intellectual content.

Funding
None.

Data availability
Datasets generated and/or analyzed during this study are available from the
corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate

The study was conducted in accordance with the Declaration of Helsinki.
Territorial Ethics Committee approval was obtained before starting enrolment
(Comitato Etico Territoriale Lazio Area 3-Roma, ID Number: 5991, Protocol
Number 0000494/23 of 29/11/2023). Written informed consent was obtained
from all patients before enrolment.

Consent for publication
Consent was obtained from all patients.

Competing interests
The authors declare no competing interests.

Author details
'Department of Anesthesia and Intensive Care, Agostino Gemelli IRCCS Uni-
versity Polyclinic Foundation, Rome, Italy.

Received: 11 November 2024 Accepted: 20 January 2025
Published online: 28 January 2025

References

1. Fuchs-Buder T, Nemes R, Schmartz D (2016) Residual neuromuscular
blockade: management and impact on postoperative pulmonary
outcome. Curr Opin Anaesthesiol 29(6):662-667

2. Kirmeier E, Eriksson LI, Lewald H et al (2019) Postanaesthesia pulmo-
nary complications after use of muscle relaxants (POPULAR): a multi-
centre, prospective observational study. Lancet Respir Med 7:129-140

3. Brull SJ, Kopman AF (2017) Current status of neuromuscular reversal
and monitoring: challenges and opportunities. Anesthesiology
126(1):173-190

4. Fuchs-BuderT, Romero CS, Lewald H, Lamperti M, Afshari A, Hris-
tovska AM, Schmartz D, Hinkelbein J, Longrois D, Popp M, de Boer HD,
Sorbello M, Jankovic R, Kranke P (2023) Peri-operative management
of neuromuscular blockade. A guideline from the European Society of
Anaesthesiology and Intensive Care. Eur J Anaesthesiol. 40(2):82-94.
https://doi.org/10.1097/EJA.0000000000001769. Epub 2022 Nov 15

5. Murphy GS, Brull SJ (2022) Quantitative neuromuscular monitoring and
postoperative outcomes: a narrative review. Murphy GS Anesthesiol-
ogy 136(2):345-361

6. Fortier LP, McLeen D, Turner K, de Médicis E, Warriner B, Jones PM,
Chaput A, Pouliot JF, Galarneau A (2015) The RECITE study: a Canadian
prospective, multicenter study of the incidence and severity of residual
neuromuscular blockade. AnestAnalg 121:366-372

7. Butterly A, Bittner EA, George E, Sandberg WS, Eikermann M, Schmidt
U (2010) Postoperative residual curarization from intermediate-acting

20.

22.

23

Page 6 of 7

neuromuscular blocking agents delays recovery room discharge. Br J
Anaesth 105(3):304-309

Carvalho H, Verdonck M, Cools W, Geerts L, Forget P, Poelaert J (2020)
Forty years of neuromuscular monitoring and postoperative residual
curarisation: a meta-analysis and evaluation of confidence in network
meta-analysis. Br J Anesth 125(4):466-482

Hayes AH, Mirakhur RK, Breslin DS, Reid JE, McCourt KC (2001) Post-
operative residual block after intermediate-acting neuromuscular
blocking drugs. Anaesthesia 56(4):312-318. https://doi.org/10.1046/j.
1365-2044.2001.01921.x. PMID: 11284816

. Tsai CC, Chung HS, Chen PL, Yu CM, Chen MS, Hong CL (2008) Postop-

erative residual curarization: clinical observation in the post-anesthesia
care unit. Chang Gung Med J 31(4):364-8

. Kaan N, Kocaturk O, Kurt I, Cicek H (2012) The incidence of residual

neuromuscular blockade associated with single dose of intermediate-
acting neuromuscular blocking drugs. Middle East J Anaesthesiol
21(4):535-541

. Thilen SR, Weigel WA, Todd MM, Dutton RP, Lien CA, Grant SA, Szokol

JW, Eriksson LI, Yaster M, Grant MD, Agarkar M, Marbella AM, Blanck JF,
Domino KB (2023) 2023 American Society of Anesthesiologists practice
guidelines for monitoring and antagonism of neuromuscular blockade:
a report by the American Society of Anesthesiologists Task Force on
neuromuscular blockade. Anesthesiology 138(1):13-41

. Debaene B, Plaud B, Dilly MP, Donati F (2003) Residual paralysis in

the PACU after a single intubating dose of nondepolarizing muscle
relaxant with an intermediate duration of action. Anesthesiology
98(5):1042-1048

. Lien CA, Kopman AF (2014) Current recommendations for moni-

toring depth of neuromuscular blockade. Curr Opin Anaesthesiol
27(6):616-622

. Alvarez Gémez JA, Arifiolrujo JJ, Errando Oyonarte CL, Matinez Torrente

F, Roigé i Solé J, Gilsanz Rodriguez F (2009) Sociedad Espafola de
anestesiologfa, reanimacion y terapéutica del dolor: empleo clinico

de blogueantes neuromusculares y su reversion. Recomendaciones
del grupo de expertos de la Sociedad Espafiola de anestesiologia,
reanimacion y terapéutica del dolor [use of neuromuscular blocking
agents and reversal of blockade: guidelines from Sociedad Espafiola
de anestesiologia, reanimacion y terapéutica del dolor]. Rev Esp Anest-
esiol Reanim 56:616-27

Naguib M, Brull SJ, Kopman AF, Hunter JM, Fulesdi B, Arkes HR, Elstein
A, Todd MM, Johnson KB (2018) Consensus statement on perioperative
use of neuromuscular monitoring. Anesth Analg 127:71-80

. Miller RD, Ward TA (2010) Monitoring and pharmacologic reversal of a

nondepolarizing neuromuscular blockade should be routine. Anesth
Analg 111(1):3-5

Fuchs-Buder T, De Robertis E, Thilen SR, Champeau MW (2023) Joint
letter to the editor from the American Society of Anesthesiolo-
gists and the European Society of Anaesthesiology and Intensive
Care on Management of Neuromuscular Blockade. Anesthesiology
139(3):366-367

Thomsen JLD, Marty AP, Wakatsuki S, Macario A, Tanaka P, Gatke

MR, @stergaard D (2020) Barriers and aids to routine neuromuscular
monitoring and consistent reversal practice-a qualitative study. Acta
Anaesthesiol Scand 64(8):1089-1099. Epub 2020 May 6

Naguib M, Brull SJ, Hunter JM, Kopman AF, Johnson KB, Arkes

HR (2019) Anesthesiologists’ overconfidence in their perceived
knowledge of neuromuscular monitoring and its relevance to all
aspects of medical practice: an international survey. Anesth Analg
128(6):1118-1126

. Naguib M, Kopman AF, Ensor JE (2007) Neuromuscular monitoring

and postoperative residual curarization; a meta-analysis. Naguib M Br J
Anaesth 98(3):302-316

Hristovska AM, Duch P, Allingstrup M, Afshari A (2017) Efficacy and
safety of sugammadex versus neostigmine in reversing neuromuscular
blockade in adults. Cochrane Database Syst Rev 8(8):CD012763
Hristovska AM, Duch P, Allingstrup M, Afshari A (2018) The compara-
tive efficacy and safety of sugammadex and neostigmine in reversing
neuromuscular blockade in adults. A Cochrane systematic review with
meta-analysis and trial sequential analysis. Anaesthesia. 73(5):631-641.
Epub 2017 Dec 27


https://doi.org/10.1097/EJA.0000000000001769
https://doi.org/10.1046/j.1365-2044.2001.01921.x
https://doi.org/10.1046/j.1365-2044.2001.01921.x

Piersanti et al. J Anesth Analg Crit Care (2025) 5:5

24. Karcz M, Papadakos PJ (2013) Respiratory complications in the postan-
esthesia care unit: a review of pathophysiological mechanisms. Can J
Respir Ther 49(4):21-29

25. Martinez-Ubieto J, Ortega-Lucea S, Pascual-Bellosta A, Arazo-Iglesias |,
Gil-Bona J, Jimenez-Bernardo T, Mufioz-Rodriguez (2016) Prospective
study of residual neuromuscular block and postoperative respiratory
complications in patients reversed with neostigmine versus sugam-
madex. Minerva Anestesiol 82(7):735-42. Epub 2015 Oct 16

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 7 of 7



	Neuromuscular monitoring and incidence of postoperative residual neuromuscular blockade: a prospective observational study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 
	Trial registration 

	Introduction
	Methods
	Statistical analysis
	Results
	Discussion
	Conclusions
	Acknowledgements
	References


