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Abstract

Introduction NMB facilitates intubating conditions in general anesthesia. However, it is associated with significant
residual postoperative paralysis and morbidity.

Objective To investigate the rate of underdiagnosed residual NMB based on two TOFR criteria (<0.91 and < 1.00).

Methods We performed a retrospective study adhering to STROBE guidelines. We included patients undergoing
ENT surgery using single-dose neuromuscular block for balanced general anesthesia from June to December 2018.
We collected demographic and anthropometric data, ASA score, NMBA dose, TOFR recordings at 5, 30 and 60 min
and end of the surgery, anesthesia and surgery time, and administration of reversal agent. Statistical analysis included
descriptive and dispersion measures statistics, curve and cross tables for residual NMB on different TOFR criteria

with sub-analysis for AR, RR, and OR in patients over 65 years old.

Results We included 57 patients, mean age 41; 43 females and 14 males. Mean anesthetic and surgical time
were 139.4 and 116.1 min, respectively. All the patients received rocuronium under a mean ponderal single-dose
of 0.48 mg/kg. Residual NMB rates were 29.9 and 49.1% for a TOFR <0.91 and < 1.00, respectively. Older adults had
an OR of 6.08 for residual NMB.

Conclusions The rate of residual NMB was 29.9 to 49.1%, depending on the criteria used (TOFR <0.91 and < 1.00,
respectively). Patients above 65 years old had an increased risk of residual NMB (6.08 OR) and clinical symptoms
related to residual NMB (11.75 OR). We recommend future research aiming to provide a specific surveillance proto-
col for patients above 65 years old, including shorter-action NMB, early reversal, and prolonged surveillance using
the TOFR criteria of < 1.00 to identify patients at risk of residual NMB readily.

*Correspondence:

José Damian Carrillo-Ruiz

josecarrilloruiz@yahoo.com

Full list of author information is available at the end of the article

©The Author(s) 2023, corrected publication 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0
International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes

were made. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To
view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver
(http//creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a
credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12871-023-02027-x&domain=pdf
https://orcid.org/0000-0002-5257-1636

Carrillo-Torres et al. BMC Anesthesiology (2023) 23:107

Page 2 of 14

Highlights

<091 or TOFR < 1.00, respectively).

block, especially in older people.

- The rate of residual NMB in our practice was in the range of 29.9 to 49.1% depending on the criteria used (TOFR

- Patients above 65 years old are at an increased risk of residual NMB (6.08 OR) due to increased NMBA duration
of action, as demonstrated by the curves of NMB during surgery.

- Older patients also had an increased risk (OR 11.75) of clinical symptoms related to the residual neuromuscular block.

- We recommend providing specific surveillance protocols for patients above 65 years-old, including the use
of shorter-action NMB, early reversal, and prolonged surveillance in the postoperative period.

- We recommend using the TOFR criteria of < 1.00 to readily identify more patients at risk of residual neuromuscular

- We recommend the use of reversal agents in patients at high risk of residual neuromuscular block, such as patients
above 65 years-old, especially in those cases where patients have difficultness for reaching a TOFR criterion of 1.00
because of an increased risk of residual neuromuscular block and its complications.

Keywords Neuromuscular block agents, Residual neuromuscular block, Train-of-four, RNMA, RNMB, TOF, TOFR

Introduction

Neuromuscular block agents facilitate intubating conditions
in general anesthesia patients by immobilizing vocal cords
[1, 17]. However, they are associated with significant resid-
ual postoperative paralysis and morbidity [3]. Complete
clearance of the agent’s action is essential to safe recovery in
the postanesthetic care unit, but it is sometimes incomplete
even after using reversal agents [3, 8]. Therefore, postopera-
tive complications remain commonly derived from residual
neuromuscular blockade [3, 8]. Acceleromyography is the
standard neuromuscular block monitoring in clinical prac-
tice; it relies on the train-of-four nerve stimulation pattern
recommendation: or the ratio of the fourth twitch to the
first twitch T4/T1 ratio [11]. A train-of-four ratio of 0.7-0.9
is associated with impaired airway protective reflexes, upper
airway obstruction, and postoperative hypoxemia [6, 12].
Therefore, full recovery of neuromuscular function should
be present at the time of tracheal extubations [12]. Recent
research argues that specific devices using raw accelero-
myography may overestimate neuromuscular recovery and
that the train-of-four ratio must recover to 0.99 or even 1.00
to exclude residual paralysis in this setting [5, 12, 15]. Our
study aims to investigate the rate of the underdiagnosed
residual neuromuscular block based on these two train-of-
four ratio criteria (<0.91 and <1.00) to provide a framework
to improve patient safety during surgery. Additionally, using
crosstables, we calculated the relative risk, absolute risk, and
Odds ratios for patients over 65 as compared to patients
under 65 on the risk of residual neuromuscular block.

Methods

We performed a retrospective observational cross-
sectional study adhering to STROBE guidelines. The
protocol was approved by the General Hospital of

Mexico Ethics and Research Committee by the num-
ber: DI/20/101/03/77; informed consent was waived
because of being a retrospective study. We reviewed
the clinical files of patients undergoing Ear-Nose-
Throat (ENT) surgery from June 2018 to December
2018 in the General Hospital of Mexico. Inclusion
criteria were adult patients (over 18years) with an
American Society of Anesthesiologists score (ASA)
risk between I and III, having TOFR monitoring
throughout balanced general anesthesia (induction
with intravenous fentanyl and propofol and anesthetic
maintenance with inhalational sevoflurane) using neu-
romuscular block with rocuronium (ponderal dose
0.3-1.2mg/kg) at a single dose. Exclusion criteria
considered any muscle relaxant other than rocuro-
nium, patients requiring additional muscle relaxant
doses during surgery, muscle-related diseases or aller-
gies, magnesium sulfate or antiepileptics medication,
or illnesses affecting TOFR evaluation and incom-
plete medical records. We collected demographic and
anthropometric data, ASA score, NMBA and dose,
TOEFR registers at 5min, 30 min, 60 min, and end of
the surgery, anesthesia time in minutes, surgery time,
and administration of reversal agent. We performed
descriptive statistics (frequencies and percentages) for
demographic data; we used mean dispersion measures
(mean, standard deviation, 95% CI) for continuous
variables. We used graphics to demonstrate the curve
of NMB during surgery and residual NMB as the out-
come in percentages. We used cross tables for resid-
ual NMB using two criteria, including TOFR <0.91
or TOFR <1.00. We made a sub-analysis for residual
NMB using both criteria on patients under and above
65years old. Table 1 includes the dataset of the whole
sample and variables studied for statistical analysis.
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TOFR recording process and documentation

All TOFR Recordings performed were done using an
acceleromyographic portable Drager TOFScan® locating
two electrodes on the wrist and the distal forearm of the
non-dominant hand to stimulate the first finger abduc-
tor and register its movement using the second or third
finger as reference (Fig. 1), TOFR measure is performed
initially just before starting neuromuscular block, then
forward we performed secondary measures at 5, 30 and
60 minutes as well as at the ending of the surgical pro-
cedure, where we keep monitoring up until the patient

X

Fig. 1 TOFR measurement and electrodes disposition
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reaches a TOFR of 1.00 or above (raw data) before pro-
ceeding to extubate the patient. Given the retrospective
nature of the study, the administration of reversal agents
was performed based on the treating anesthesiologist’s
criteria. All anesthetic events and recordings are docu-
mented on the anesthesia sheet, and data extraction for
this study was gathered from these patients’ files.

Results

We included 57 patients and excluded no patients; 43
females (75.4%) and 14 males (24.6%). The mean age was
41.74years old (16.62 standard deviation (SD), 95% con-
fidence interval (CI) at 37.33-46.15), and the mean body
mass index (BMI) was 26.56kg/m2 (4.72 SD, 95%CI at
25.30-27.81 95%). Patients more frequently had an
ASA score of II (36 patients, 63.2%), followed by I (13
patients, 22.8%), and lastly, III (8 patients, 14.0%). The
mean anesthetic time was 139.42 min (59.92 SD, 95%CI
at 123.52-155.32), while the mean surgical time was
116.14min (55.69 SD, 95%CI at 101.36-130.92). All 57
patients received a rocuronium at a mean ponderal sin-
gle-dose of 0.50 (0.10 SD, 95%CI at 0.47-0.49) mg/kg.
Mean TOFR values were as follows: 5min 0.029 (0.06
SD, 95%CI at 0.01-0.04), 30 min 0.19 (0.20 SD, 95%CI at
0.13-0.24), 60 min 0.67 (0.31 SD, 95%CI 0.59-0.76), and
at the end of surgery (outcome) 0.97 (0.20 SD, 95%CI
at 0.92-1.03). Figure 2 compares the mean TOFR val-
ues in patients below and over 65years old over time.
Figure 3 compares the percentage of NMB over time
according to the different TOFR criterium, TOFR <0.91
or TOFR <1.00. Figure 4 compares the percentage of
NMB in patients under and above 65years old over time
according to TOFR <0.91. Figure 5 compares the curve
of NMB in patients under and above 65years old over
time according to TOFR <1.00. Figure 6 compares the
rates of underdiagnosis, diagnosis, and overdiagnosis
of residual NMB to recovered patients according to the
different TOFR criterium, TOFR <0.91 or TOFR < 1.00.
The residual NMB in our series was 29.9 to 49.1%,
depending on the criteria used (TOFR <0.91 or TOFR
<1.00, respectively). By subgroup analysis, patients
below 65years old had residual NMB varying from 27.5
to 45.1%, while patients above 65years old were in the
range of 50.0 to 83.3% using the different TOFR criteria
(<0.91 and < 1.00, respectively). Patients under 65years
old had a minimum NMB effect of at least 60 minutes;
with almost 74.51% (38/51 patients) of them exceeding
90 minutes; while none of the patients above 65years
old were below 90 minutes, with a minimum of 110 min-
utes. Using TOFR criteria of <0.91, cross tables for
residual NMB in patients above 65years old demon-
strated an increased Absolute Risk (AR) ratio of 0.22,
Relative Risk (RR) ratio of 1.82, and Odds Ratio (OR) of
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Fig. 2 Compares the mean TOFR values in patients below and over 65 years old over time
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Fig. 3 Compares the percentage of NMB over time according to the different TOFR criteria, TOFR <0.91 or TOFR < 1.00

2.64 as compared to patients under 65years old. Using
TOEFR criteria of <1.00, cross tables for Residual NMB
in patients above 65years old demonstrate an increased
Absolute Risk (AR) ratio of 0.38, Relative Risk (RR) ratio
of 1.84, and Odds Ratio (OR) of 6.09 as compared to
patients under 65years old. Seven (12.3%) patients had
clinical symptoms of residual neuromuscular block pre-
sented as swallowing weakness in the postanesthetic
recovery room, having a final TOFR below 1.00 before
leaving the surgical room, two of them had a TOFR

below 0.91, and surprisingly one of them had a TOFR
of 0.64. The sensibility of a TOFR <0.91 to detect clini-
cal signs of residual neuromuscular block was 43%, the
specificity was 72%, the Positive Predictive Value (PPV)
was 18%, and the Negative Predictive Value (NPV) was
90%, with an AR of 0.07, a RR of 1.76 and an OR of 1.93.
The sensibility of a TOFR < 1.0 to detect clinical signs of
residual neuromuscular block was 100%, the specificity
was 58%, the PPV was 25%, and the NPV was 100% with
an AR of 0.25, and non-determined RR and OR because
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Fig. 4 Compares the percentage of NMB in patients under and above 65 years old over time according to TOFR <0.91
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Fig. 5 Compares the curve of NMB in patients under and above 65 years old over time according to TOFR < 1.00

of no false negative cases. The AR for patients over 65
with clinical symptoms of residual neuromuscular block
was 0.42, with a RR of 6.37 and an OR of 11.75. None
of the patients required to be re-intubated, nor did they
have a respiratory compromise. None of the patients
receiving sugammadex presented clinical symptoms of
residual neuromuscular block. Four patients presented
complications, two (3.5%) had upper respiratory tract
infections, and the other two (3.5%) had lower respira-
tory tract infections during their in-hospital stay. One
of the patients with a lower respiratory tract infection
had a final TOFR of 0.64, while the other had a value of
0.95; none had any documented clinical signs of residual
neuromuscular block. Among the patients with upper

respiratory tract infections, one had a final TOFR value
of 1.44, and the other had a TOFR value of 0.91 with
swallowing weakness in the recovery room. The sen-
sibility for a<0.91 to predict a lower respiratory tract
complication (infection) was 50%, with a specificity of
69%, with a PPV of 5% and an NPV of 97% with an AR
of 0.03, a RR of 2.17 and an OR of 2.23. The sensibility
for a<1.0 to predict a lower respiratory tract complica-
tion (infection) was 100%, with a specificity of 53%, with
a PPV of 0.07 and an NPV of 100%, with an AR 0.07, and
unable to determine RR and OR (because of a 0 false
negative cases). All lower respiratory tract infections
occurred in patients under 65years with an AR of 0.04
and RR and OR of 0 each.
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Fig. 6 Compares the rates of underdiagnosis, diagnosis, and overdiagnosis of residual NMB to recovered patients according to the different TOFR

criterium, TOFR <0.91 or TOFR < 1.00

Discussion

Current standards for quality care in anesthesia were
first reported approximately in 2010 to increase patient
safety during general anesthesia [7]. Many medical
associations, including the Czech and French Societies
of Anesthesiology, The Association of Great Britain and
Ireland, stated the mandatory need for objective moni-
toring of neuromuscular block. They recommended a
TOEFR cut-off value of 0.90 for detecting residual NMB
[7]. It is to highlight that the American Society of Anes-
thesiologists made no mandatory recommendation [7]
on the use of NMB monitoring; in Mexico, there nei-
ther exists specific guidelines in this respect; neverthe-
less, it is common practice among our institution. We
are proud to have a high acceptance rate among our
anesthesia personnel for objective NMB monitoring,
provided that all our institutional anesthesia equip-
ment has integrated TOFR and that our institution par-
ticipates in the High Proficiency Residence Program in
anesthesia. Nevertheless, we are well aware that such
an acceptance rate is not common practice worldwide
yet [16]. Other problems, such as the availability of
reversal agents, also play a role in mid to low-income
countries such as ours as a cause of suboptimal treat-
ment, an issue we will handle deep below.

The use of NMBA has significantly impacted current
clinical practice for patients, anesthesiologists, and sur-
geons in many ways, including improved first-pass intu-
bation for experts in elective conditions and non-experts
in emergency conditions, aid for difficultness in facemask
ventilation, enhanced surgical conditions for open and
laparoscopic intermuscular approaches such as those
of abdominal and pelvic procedures [17] in such a way
that today NMB is considered vital for uneventful rapid
sequence intubation [17].

Despite almost 80years of experience in using NMB,
several studies continue to report high incidence rates of
residual neuromuscular block with the accompanying side
effects and risks that it provides. Residual neuromuscular
block increases the risk of pulmonary aspiration events
and the hypoxic ventilatory response [14]. Respiratory
complication rates reach 0.8% up to 6.5 of patients under-
going general anesthesia, which translates to 0.5 million
up to 4 million worldwide yearly [3, 7]. Furthermore, the
use of NMBDs has been repeatedly implicated in aware-
ness during surgery when paralyzed patients have an
inadequate level of anesthesia; such findings suggest that
many clinicians may have an incomplete understanding
of the pharmacology of NMBDs and of the existing tech-
niques to monitor the level of the neuromuscular block-
ade after NMBD administration [14].

Mechanomyography (MMG) is the gold standard for
monitoring neuromuscular function. Nevertheless, accel-
eromyography (AMG) is increasingly being used in a
clinical setting as it is relatively inexpensive, easy to set
up, and able to detect neuromuscular blocks with accu-
racy [15]. However, the baseline TOFR measured using
AMG is significantly higher than MMG [15]. Authors
used acceleromyograph (AMG) TOFR data, AMG- meas-
ured TOER can exceed over 100. Raw AMG data have an
idiosyncrasy. In contrast to MMG and electromyography
(EMG) where the control (baseline) TOFR approximates
1.00 (100%), the control AMG-measured TOFR is more
likely to be >1.00 (>100%). Values between 1.10 (110%)
and 1.20 (120%) are common, and values of 1.40 (140%)
are not rare [13, 15]. The current standard for “adequate
recovery” from a neuromuscular block is the return of the
TOFR to >0.9 measured at the adductor pollicis muscle,
the cut-off point when an extubating is considered safe.
Nevertheless, recent studies have suggested that several
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devices offer clinical raw TOFR data which can report val-
ues over 1 (or 100 in percentage) that require additional
baseline calibration and suggest corrected values in the
range of >0.95-1, with trending to <1.00 [4, 13, 15].

Additionally, to the possible incomplete understand-
ing of the NMB effects and pharmacokinetics, a signifi-
cant rate of underused monitoring is reported worldwide
either by lack of devices, protocols, or culture to use
monitoring [13, 16]. As considered above, this problem is
complicated even more when there is difficulty acquiring
trustable and sensible cut-off values [15]. Provided these
issues, currently available devices are less than ideal, and
expertise on their use is far from real [13].

Underdiagnosing RNMB is not surprising considering
the lack of implementation and expertise on NMB moni-
toring and the variations in device parameters and cut-off
criteria, which make unneeded reversal even plausible,
as was the case in one of our cohort patients. Adding to
the already high rate of RNMB poses a significant risk of
complications, especially in high-risk populations such
as older people and patients with serious comorbidities.
Reversal agents significantly reduce this collateral dam-
age; nevertheless, they are not without risk. Reversal
agents can have serious detrimental effects in the post-
operative period. Traditionally, we achieve the reversal of
neuromuscular block by administering acetylcholinest-
erase inhibitors [14]. These drugs, such as neostigmine,
have significant parasympathomimetic effects as ace-
tylcholine interacts with cholinergic receptors [14]. For
instance, these agents cause bradycardia and other brad-
yarrhythmias and bronchoconstriction through mus-
carinic receptor activation. In order to mitigate these
effects, anti-muscarinic agents are co-administered with
acetylcholinesterase inhibitors [14]. Once recovery is
almost complete, administration of these agents may
have the paradoxical effect of inducing muscle weakness
[14]. Therefore untimely or wrong administration (as in
the setting of an overestimated residual NMB) can pro-
duce instead of preventing serious pulmonary events.

Additionally, the type of reversal agent is also essen-
tial; there exists evidence that sugammadex reduces the
risk of pulmonary complications by up to 30% [9]. Based
on this information, we prefer using sugammadex at our
institution, which is also in line with current US trends
for NMB reversal during ENT surgery [2] . Sugamma-
dex acts as a binding agent and has no effect on acetyl-
cholinesterase [14]. Therefore, such reversal is devoid
of the various side effects of acetylcholinesterase inhibi-
tion. Sugammadex, although safer, is not free from side
effects, with hypersensitivity reactions occurring in 1 of
3500 cases. In such cases, cardiovascular collapse typi-
cally occurs within 4 minutes, urging for epinephrine and
volume resuscitation [14].
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Such problems make suboptimal treatment (underdiag-
nosed or overdiagnosed with unneeded reversal) account
for preventable complications. Increasing the importance
of these phenomena is the observed prolonged times of
action of NMB agents in elderly populations [10]. Our
study made a subanalysis demonstrating that patients
under 65 behave as reported in theory with an effect of at
least 60 minutes, while in our series, almost 74.51% of them
exceeded 90 minutes. Nevertheless, none of the patients
above 65 had below 90 minutes of deep NMB, with most
of them having residual NMB (50.0 to 83.33% using TOFR
criteria <90 and<1.00, respectively). Our series demon-
strated these patients to have a 6.08-fold OR for increased
residual NMB effect and are the population at higher risk
of complications by this means derived from their age and
comorbidities. The present study aids in demonstrating a
significant increase in the rate of underdiagnosed residual
NMB. For this reason, we should encourage the develop-
ment of specific surveillance protocols and actions for this
population to prevent significant complications, including
the use of shorter-action NMB, early reversal, and pro-
longed surveillance in the postoperative period. Further-
more, we recommend improving quality control measures,
including verifying device calibration and taking as much
time as needed to have a trustable instrument.

Limitations, given the retrospective nature of the find-
ings and the small sample size, we could not verify the
process of TOF Baseline calibrations; nevertheless, it is a
routine in our service practice.

Conclusions

The rate of residual NMB in our practice was in the range of
29.9 to 49.1% depending on the criteria used (TOFR <0.91
or TOFR <1.00, respectively), more probably the higher
limit, in line with literature ranges. We do recommend extu-
bating patients based on a TOER criterion of 1.00, especially
on the elderly, to avoid clinically relevant residual NMB
or its complications. Patients above 65years old are at an
increased risk of residual NMB (6.08 OR) due to increased
length of action, as demonstrated by the curves of NMB
during surgery. Older patients also had an increased risk
(OR 11.75) of clinical symptoms related to the residual neu-
romuscular block. Therefore, we recommend providing spe-
cific surveillance protocols for patients above 65years-old,
including the use of shorter-action NMB, early reversal, and
prolonged surveillance in the postoperative period. In addi-
tion, we recommend the use of reversal agents in patients at
high risk of residual neuromuscular block, such as patients
above 65years-old, especially in those cases where patients
have difficultness for reaching a TOFR criterion of 1.00
because of an increased risk of residual neuromuscular
block and its complications. We will look to develop future
research prospectively to corroborate these results.



Carrillo-Torres et al. BMC Anesthesiology ~ (2023) 23:107

Abbreviations
AMG Acceleromyography

AR Absolute Risk Ratio
ASA American Society of Anesthesiologists score
cl Confidence Interval

ENT Ear-Nose-Throat

MMG  Mechanomyography

NMB NeuroMuscular Block

NMBA  NeuroMuscular Blocking Agents
NPV Negative Predictive Value

OR Odds Ratio

PPV Positive Predictive Value
PACU PostAnesthetic Care Unit
RR Relative Risk

SD Standard Deviation

TOF Train-Of-Four
TOFR Train-Of-Four Ratio
us United States

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512871-023-02027-x.

[ Additional file 1. }

Acknowledgments
To the master's and doctoral program of the National Autonomous University
of Mexico (UNAM).

Authors’ contributions

OrlandoCarrillo Torres MD, main research, data collection, protocol design,
statistical analysis, and manuscript writing. Pliego Sénchez Maria Guada-
lupe MD, supervision, protocol review. Pérez Mufioz Victor Joshua MD,
supervision, protocol review. Sdnchez Jurado Jennifer MD, supervision,
protocol review. Camacho Vacherdn Verénica MD, supervision, protocol
review. Carrillo Ruiz José Damiadn MD, project Director, statistical review,
manuscript revision, Manuscript review. The author(s) read and approved
the final manuscript.

Authors’ information
Not applicable.

Funding

No funding was received other than the authors’own to develop this research.

Availability of data and materials
All data is included as an additional file.

Declarations

Ethics approval and consent to participate

All methods were carried out in accordance with relevant guidelines and
regulations.

We performed a retrospective observational transversal study adhering to
STROBE guidelines.

We do confirm that the protocol was approved by the General Hospital of
Mexico institutional and the licensing committee on Ethics and Research by
the number: DI/20/101/03/77.

The General Hospital of Mexico Research and Ethics Committee waived
informed consent because of being a retrospective study.

Consent for publication
Not applicable.

Competing interests
No conflict of interests.

Page 13 of 14

Author details

' Anesthesiology Service at Mexico General Hospital, Mexico City, Mexico.
2Research Direction & Neurosurgery Service at Hospital General de México,
Mexico City, Mexico. *Neuroscience Coordination of Psychology Faculty

at Mexico Anahuac University, Av. Anahuac 46, Lomas Anahuac, Naucalpan de
Judrez, Estado de México 52786, Mexico.

Received: 5 February 2022 Accepted: 24 February 2023
Published online: 01 April 2023

References

1. Abuzayed B, Alawneh K, Al Qawasmeh M, Raffee L. Endoscopic intra-
ventricular atrial Adhesiolysis for the treatment of entrapped tempo-
ral horn after intraventricular tumor surgery. J Neurosci Rural Pract.
2020;11(2):337-40. https://doi.org/10.1055/5-0040-1709349.

2. Bash LD, Turzhitsky V, Black W, Urman RD. Neuromuscular blockade
and reversal agent practice variability in the US inpatient surgi-
cal settings. Adv Ther. 2021,38(9):4736-55. https://doi.org/10.1007/
$12325-021-01835-2.

3. Belcher AW, Leung S, Cohen B, et al. Incidence of complications in the
post-anesthesia care unit and associated healthcare utilization in patients
undergoing non-cardiac surgery requiring neuromuscular blockade
2005-2013: a single center study. J Clin Anesth. 2017;43:33-8. https://doi.
0rg/10.1016/jjclinane.2017.09.005.

4. Blobner M, Hunter JM, Meistelman C, et al. Use of a train-of-four ratio of
0.95 versus 0.9 for tracheal extubation: an exploratory analysis of POPU-
LAR data. Br J Anaesth. 2020;124(1):63-72. https://doi.org/10.1016/j.bja.
2019.08.023.

5. Capron F, Alla F, Hottier C, Meistelman C, Fuchs-Buder T. Can accelero-
myography detect low levels of residual paralysis? A probability approach
to detect a mechanomyographic train-of-four ratio of 0.9. Anesthesiol-
0gy. 2004;100(5):1119-24. https://doi.org/10.1097/00000542-20040
5000-00013.

6. Errando-Oyonarte CL, Moreno-Sanz C, Vila-Caral P, et al. Recomenda-
ciones sobre el uso de bloqueo neuromuscular profundo por parte de
anestesiologos y cirujanos. Consenso AQUILES (Anestesia QUIrurgica para
Lograr Eficiencia y Seguridad). Rev Esp Anestesiol Reanim. 2017,64(2):95-
104. https://doi.org/10.1016/j.redar.2016.08.002.

7. Grocott HP. Current status of neuromuscular reversal and monitoring:
Posttetanic neuromonitoring and other considerations. Anesthesiology.
2017;127(4):723-4. https://doi.org/10.1097/ALN.0000000000001806.

8. Hafeez KR, Tuteja A, Singh M, et al. Postoperative complications with neu-
romuscular blocking drugs and/or reversal agents in obstructive sleep
apnea patients: a systematic review. BMC Anesthesiol. 2018;18(1):1-11.
https://doi.org/10.1186/512871-018-0549-x.

9. Kheterpal S, Vaughn MT, Dubovoy TZ, et al. Sugammadex versus neostig-
mine for reversal of neuromuscular blockade and postoperative pulmo-
nary complications (STRONGER). Anesthesiology. 2020;132(6):1371-81.
https://doi.org/10.1097/ALN.0000000000003256.

10. LedowskiT, Szabd-Madk Z, Loh PS, et al. Reversal of residual neuro-
muscular block with neostigmine or sugammadex and postoperative
pulmonary complications: a prospective, randomised, double-blind trial
in high-risk older patients. Br J Anaesth. 2021;127(2):316-23. https://doi.
0rg/10.1016/j.bja.2021.04.026.

11. Markle A, Graf N, Horn K, Welter JE, Dullenkopf A. Neuromuscular moni-
toring using TOTOF-cuff® versus TOTOF-scan®: an observational study
under clinical anesthesia conditions. Minerva Anestesiol. 2020;86(7):704—
11. https://doi.org/10.23736/50375-9393.20.14272-X.

12. Murphy GS, Szokol JW, Marymont JH, Franklin M, Avram MJ, Vender
JS. Residual paralysis at the time of tracheal extubation. Anesth Analg.
2005;100(6):1840-5. https://doi.org/10.1213/01.ANE.0000151159.55655.CB.

13. Naguib M, Brull SJ, Kopman AF, et al. Consensus statement on periopera-
tive use of neuromuscular monitoring. Anesth Analg. 2018;127(1):71-80.
https://doi.org/10.1213/ANE.0000000000002670.

14. Renew JR, Brull SJ, Naguib M. Clinical pharmacology of drugs acting
at the neuromuscular junction. Basic Sci Anesth. Published online
2017:139-59. https://doi.org/10.1007/978-3-319-62067-1_8.


https://doi.org/10.1186/s12871-023-02027-x
https://doi.org/10.1186/s12871-023-02027-x
https://doi.org/10.1055/s-0040-1709349
https://doi.org/10.1007/s12325-021-01835-2
https://doi.org/10.1007/s12325-021-01835-2
https://doi.org/10.1016/j.jclinane.2017.09.005
https://doi.org/10.1016/j.jclinane.2017.09.005
https://doi.org/10.1016/j.bja.2019.08.023
https://doi.org/10.1016/j.bja.2019.08.023
https://doi.org/10.1097/00000542-200405000-00013
https://doi.org/10.1097/00000542-200405000-00013
https://doi.org/10.1016/j.redar.2016.08.002
https://doi.org/10.1097/ALN.0000000000001806
https://doi.org/10.1186/s12871-018-0549-x
https://doi.org/10.1097/ALN.0000000000003256
https://doi.org/10.1016/j.bja.2021.04.026
https://doi.org/10.1016/j.bja.2021.04.026
https://doi.org/10.23736/S0375-9393.20.14272-X
https://doi.org/10.1213/01.ANE.0000151159.55655.CB
https://doi.org/10.1213/ANE.0000000000002670
https://doi.org/10.1007/978-3-319-62067-1_8

Carrillo-Torres et al. BMC Anesthesiology

15.

(2023) 23:107

SuzukiT, Fukano N, Kitajima O, Saeki S, Ogawa S. Normalization of accel-
eromyographic train-of-four ratio by baseline value for detecting residual
neuromuscular block. Br J Anaesth. 2006;96(1):44-7. https://doi.org/10.
1093/bja/aei273.

Unterbuchner C. Neuromuscular block and blocking agents in 2018. Turk
Anesteziyoloji ve Reanimasyon Dern Derg. 2018;46(2):75-80. https://doi.
0rg/10.5152/TJAR.2018.200318.

Zafirova Z, Dalton A. Neuromuscular blockers and reversal agents and
their impact on anesthesia practice. Best Pract Res Clin Anaesthesiol.
2018;32(2):203-11. https://doi.org/10.1016/j.bpa.2018.06.004.

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

Page 14 of 14

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1093/bja/aei273
https://doi.org/10.1093/bja/aei273
https://doi.org/10.5152/TJAR.2018.200318
https://doi.org/10.5152/TJAR.2018.200318
https://doi.org/10.1016/j.bpa.2018.06.004

	Rate of residual neuromuscular block using single-dose rocuronium in general anesthesia for ENT surgery: a retrospective cohort study
	Abstract 
	Introduction 
	Objective 
	Methods 
	Results 
	Conclusions 

	Highlights 
	Introduction
	Methods
	TOFR recording process and documentation

	Results
	Discussion
	Conclusions
	Anchor 15
	Acknowledgments
	References


