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Abstract
Background: Neuromuscular blockers such as succinylcholine are widely used for airway
management in critically ill patients; but their use may be contraindicated due to adverse
effects. In rapid sequence intubation, the onset time of the neuromuscular blocker is criti-
cal and should be as short as possible. This study investigates whether lidocaine and mag-
nesium sulfate could reduce the onset time of rocuronium bromide in an experimental
model.
Method: Eighteen animals were randomly assigned to three groups and treated with lidocaine,
magnesium sulfate, or saline before receiving rocuronium bromide (3 mg.kg-1). After 10 minutes
of neuromuscular blockade, reversal was performed with sugammadex (9 mg.kg-1). Onset and
reversal times were measured by acceleromyography. Doses were standardized in a pilot study
with four animals. Data were tested for normality using the Shapiro-Wilk and Anderson-Darling
tests. Onset times are tested with a one-way ANOVA, followed by Fisher’s (LSD) post hoc test,
and mean arterial pressure and heart rate with a two-way ANOVA, followed by Tukey’s post hoc
test. Statistical significance was set at p ≤ 0.05.
Results: The results showed that lidocaine and magnesium sulfate significantly reduced the
onset time of rocuronium bromide compared to the saline solution (p < 0.05) and did not affect
the onset time of reversal with sugammadex (p > 0.05). Both adjuvants caused hypotension,
with a more significant effect observed with magnesium sulfate; however, blood pressure
returned to baseline values.
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Conclusion: In conclusion, lidocaine and magnesium sulfate facilitate airway access by reducing
the onset time of rocuronium bromide.

Animal Ethics Committee approved 1749/2022.
© 2025 Sociedade Brasileira de Anestesiologia. Published by Elsevier España, S.L.U. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Introduction

Endotracheal intubation for airway protection plays a crucial
role in various settings, including pre-hospital care, emer-
gency rooms, operating rooms, and intensive care units.1

Neuromuscular blockers are essential for tracheal intubation
in situations involving the risk of gastric content aspiration
or respiratory failure with severe hypoxemia.2 Their selec-
tion must be based on a thorough understanding of the
drug’s pharmacological properties, as well as the specific
characteristics of each patient and clinical scenario.3

Although widely used, succinylcholine has several adverse
effects, leading to the search for new non-depolarizing agents.
Rocuronium bromide provides optimal intubation conditions
within 60 seconds when administered at a dose of 1.0 mg.kg-
1.3,4 It acts by competing for nicotinic cholinergic receptors at
the motor endplate and can have its effect reversed by a spe-
cific agent or anticholinesterase drugs. Rocuronium is the pre-
ferred alternative when succinylcholine is contraindicated.3

To further shorten the onset time of rocuronium, the
investigation of adjuvant drugs is warranted. Clinically
established agents such as lidocaine and magnesium sulfate
have been suggested to enhance neuromuscular blockade.
Magnesium exerts presynaptic effects mainly through cal-
cium interaction, inhibiting acetylcholine release, whereas
lidocaine can bind to specific sites on acetylcholine recep-
tors, leading to receptor desensitization and post-synaptic
blockade. Therefore, this study aimed to evaluate the influ-
ence of lidocaine and magnesium sulfate on the onset time
of rocuronium bromide, as well as its reversal with sugam-
madex, using Train-Of-Four (TOF) monitoring with accelero-
myography in an experimental model.
Materials and methods

The study was approved by the Animal Ethics Committee of the
Faculty of Medicine of the University of S~ao Paulo (FMUSP)
under protocol number 1749/2022. It was conducted at the
Medical Investigation Laboratory 08 (LIM-08) of the same insti-
tution. All procedures were performed in accordance with the
Brazilian guidelines for the care and use of laboratory animals
and were reported according to the ARRIVE guidelines. Animal
Ethics Committee approved 1749/202.

Animals

A total of 22 pigs, weighing between 25−30 kg, were used.
They were sourced from commercial farms previously
selected for their high sanitary standards. Physical and labo-
ratory examinations were performed beforehand, and
exclusion criteria included plasma hemoglobin levels below
9 mg.dL-1, abnormal baseline blood gas values, and clinical
signs of infection. After selection, the animals underwent a
2

12-hour fasting period with free access to water prior to the
procedure.
Anesthetic procedure

The animals were sedated with intramuscular ketamine
(5 mg.kg-1) combined with midazolam (0.25 mg.kg-1). After 15
minutes, the marginal ear vein was catheterized. An intrave-
nous dose of 5 mg.kg-1 propofol was then administered for
anesthesia induction. Following orotracheal intubation, the
animals were placed in the supine position and mechanically
ventilated (Servo-i − Maquet, Sweden) in volume-controlled
mode with a tidal volume of 8 mL.kg-1, a respiratory rate
adjusted to maintain normocapnia, an inspired oxygen fraction
of 0.40, and zero Positive End-Expiratory Pressure (PEEP). The
anesthetic plane was maintained with continuous infusion of
propofol (200 mcg.kg-1.min-1), fentanyl (10 mcg.kg-1.h-1), and
midazolam (0.5 mg.kg-1.h-1) and was assessed using the Bispec-
tral Index (BIS). Once an adequate anesthetic plane was
achieved, with BIS values between 40 and 60 5, cardiovascular
monitoring was initiated, including invasive blood pressure
measurement and electrocardiography using a multiparameter
monitor (NIHON KOHDEN − Japan). The study did not have
humane endpoints, and no animals were excluded from the
statistical analysis. At the end of experimental procedure, the
animals were euthanized by deepening anesthesia (isoflurane
5%) and potassium chloride administration (19.1%, 1 mL.kg-1).
Pilot study (dose determination)

To determine the appropriate dose of rocuronium bromide, aim-
ing for a 90% reduction in T1 in the TOFmonitoring using Acceler-
omyography (AMG), a pilot study was conducted with four
animals. The rocuronium bromide dose required in pigs has been
reported to be approximately 7-fold higher than in humans.6

Therefore, in the pilot study, different doses were tested to
establish the onset time of rocuronium bromide in pigs. The
onset times obtained were: 9’10” at 0.6 mg.kg-1, 2’40” at 1.2
mg.kg-1, 4’23” at 2.4 mg.kg-1 and 1’40” at 3mg.kg-1.

In the same four animals, after 5 minutes of neuromuscular
blockade, sugammadex was administered in varying doses
(2 mg, 5 mg, 7 mg, and 9 mg) to achieve blockade reversal,
targeting a T4/T1 ratio of ≥ 0.9 within 5 minutes using
AMG. Only the 9 mg.kg-1 dose of sugammadex successfully
reversed the effects of 3 mg.kg-1 of rocuronium bromide,
maintaining a TOF ratio of 0.9 with a 5% variation in response
over 2 minutes.

With respect to lidocaine and magnesium sulphate dosing,
no studies employing these agents in pigs were identified in
the literature. Therefore, the upper limits of the commonly
reported dosage ranges were selected: 1.5−2 mg.kg-1 for lido-
caine and 30−50 mg.kg-1 for magnesium sulphate.

http://creativecommons.org/licenses/by/4.0/


Figure 1 Study design.
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Neuromuscular blockade monitoring

Neuromuscular blockade monitoring was performed using
the TOF module of Nihon Kohden (model AF-101P). The
acceleration transducer was positioned on the facial nerve
(orbicularis oculi muscle) to quantitatively assess muscle
response to electrical stimulation from the transducer.

The TOF module was calibrated before each administration
of rocuronium bromide, with a sensitivity range of 0−812 and
an electrical current range of 0−60 mA, allowing automatic
calculation of the supramaximal stimulation current. Recali-
bration was performed whenever the contraction height
exceeded 5%. In TOF mode, three stimuli were delivered at 20
ms intervals, followed by a fourth stimulus at 0.75s.

Three baseline measurements were taken for each ani-
mal. The TOF ratio (TOFratio), TOF count (TOFcount), T1,
T2, T3, and T4 values were recorded every 20 seconds for 15
minutes following calibration and baseline measurements
(Fig. 1) and subsequently analyzed.

The onset time of the neuromuscular blocker was defined
as the point when T1 decreased by 90% after administration,
while the reversal time was recorded when T4/T1 reached
0.9 or higher after sugammadex administration. Drug onset
and reversal times were precisely recorded and video-docu-
mented for further verification.
Table 1 Onset time of rocuronium (3 mg.kg-1) and the antagonis
vants, lidocaine (2 mg.kg-1), and magnesium sulfate (50 mg.kg-1), in

Group (n = 6/group)

M

Rocuronium Lidocaine 81
Magnesium 69
Saline 14

Sugammadex Lidocaine 20
Magnesium 16
Saline 20

SD, Standard Deviation; One-way ANOVA and Fisher LSD post hoc test.
a Difference between Lidocaine and Saline (p = 0.037).
b Difference between Magnesium and Saline (p = 0.016).

3

Experimental design

This was a randomized study in which eighteen animals were
allocated into three experimental groups, each consisting of
six animals. Randomization was performed on the site
(www.randomization.org) and the allocation list was placed
in envelopes numbered 1 to 18, which were opened consecu-
tively on the day of the experiment of each animal after
preparation. Treatments were diluted to the same final vol-
ume (15 mL) by a staff member not involved in the evalua-
tions and administered at the same speed (20 seconds) in a
blinded manner.

� Saline (n = 6): Administration of 0.9% saline solution (15
mL) over 20 seconds, followed immediately by rocuro-
nium bromide (3 mg.kg-1) over 5 seconds.

� Magnesium sulfate (n = 6): Administration of 10% magne-
sium sulfate (50 mg.kg-1) over 20 seconds, followed imme-
diately by rocuronium bromide (3 mg.kg-1) over 5 seconds.

� Lidocaine (n = 6): Administration of 2% lidocaine (2 mg.kg-1)
over 20 seconds, followed immediately by rocuronium bro-
mide (3 mg.kg-1) over 5 seconds.

After 10 minutes of neuromuscular blockade, reversal
was performed with sugammadex (9 mg.kg-1).
t sugammadex (9 mg.kg-1), in seconds, with and without adju-
an experimental model.

Onset time (sec) ANOVA p

ean (SD) 95% CI

(19)a [60.8; 100.9] p = 0.0317
(19)b [49.1; 88.7]
3 (77) [63.2; 223.4]
6 (35) [170; 243] p = 0.5976
0 (87) [69; 251]
7 (127) [74; 341]

http://www.randomization.org
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Statistical analysis

This was an exploratory study, and no a priori sample size
calculation was performed. A post hoc sample size calcula-
tion was performed based on the rocuronium onset time
results obtained from groups of 6 animals each. The estimated
required sample size ranged from 10 to 14 animals per group,
assuming an alpha level of 0.05 and a statistical power of 0.80.
With the current sample size of 6 animals per group, the calcu-
lated power was 0.41 for the comparison between saline and
lidocaine and 0.55 for the comparison between saline and
magnesium. We decided to keep the sample size at 6 per
group, considering ethical concerns regarding animal use and
the associated costs.

Normality was assessed using the Shapiro-Wilk and Ander-
son-Darling tests. Onset times of the neuromuscular blocker
and the reversal agent were analyzed with a one-way
ANOVA, followed by Fisher’s Least Significant Difference
(LSD) post hoc test. Mean arterial pressure and heart rate
were analyzed with a two-way ANOVA, followed by Tukey’s
post hoc test. Statistical significance was set at p ≤ 0.05
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Results

The onset time for rocuronium bromide and sugammadex are
presented in Table 1. Both adjuvants, lidocaine and magne-
sium sulfate, significantly reduced the mean onset time com-
pared with saline [F(2,15) = 4.385, p = 0.0317]. However, no
difference was observed in the reversal with sugammadex.

The Mean Arterial Pressure (MAP) and Heart Rate (HR)
values are summarized in Tables 2 and 3. Differences in MAP
were observed across time points in the groups that received
magnesium sulfate and lidocaine. In both adjuvant groups,
MAP was lower than in the saline group after rocuronium
administration. No difference was observed between groups
in HR.
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Discussion

A significant reduction in the onset time of rocuronium was
observed with lidocaine and magnesium sulfate compared to
saline. Regarding the reversal of the blockade, adjuvants
did not significantly interfere with reversal after sugamma-
dex administration. This approach may be valuable in situa-
tions that require rapid sequence intubation, offering an
alternative to succinylcholine in scenarios where this agent
is contraindicated.

The need to shorten the onset time of non-depolarizing
neuromuscular blockers is crucial in urgent intubation sce-
narios.7 Translational studies are particularly valuable in this
context, as they allow the evaluation of pharmacological
strategies for emergency situations without exposing criti-
cally ill patients to additional risks. Although experimental
doses require adjustment for clinical practice and metabolic
differences exist between pigs and humans, animal models
remain an essential first step for validating new treatments
and interventions.

The TOF monitoring was employed to assess both onset
and reversal of the blockade, in accordance with the recom-
mendations of the American Society of Anesthesiologists
4



Table 3 Two-way ANOVA summary.

SS DF MS F (DFn, DFd) p-value

HR
Interaction 365.5 8 45.69 F (8. 60) = 0.3752 p = 0.9297
Time 1442 4 360.6 F (1.826. 27.39) = 2.961 p = 0.0727
Grupo 760.8 2 380.4 F (2. 15) = 0.3038 p = 0.7425
Subject 18786 15 1252 F (15. 60) = 10.29 p < 0.0001
Residual 7305 60 121.8
MAP
Interaction 895.7 8 112.0 F (8. 60) = 2.561 p = 0.0179
Time 608.4 4 152.1 F (2.071. 31.06) = 3.479 p = 0.0419
Grupo 4058 2 2029 F (2. 15) = 4.204 p = 0.0355
Subject 7239 15 482.6 F (15. 60) = 11.04 p < 0.0001
Residual 2623 60 43.71

MAP, Mean Arterial Pressure; HR, Heart Rate; SS, Sum of Squares; DF, Degrees of Freedom; MS, Mean Square; F, F-statistic.
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(ASA), which emphasize the importance of adequate moni-
toring, particularly during reversal, to avoid residual block-
age and mitigate individual variability.8

Rocuronium provides excellent conditions for intubation
in an estimated time of 90 seconds, considered satisfactory
for this purpose.9 When administered after saline solution, a
more prolonged blockade onset was observed compared to
magnesium and lidocaine, with a duration ranging between
80 and 240 seconds.

The main results of this study indicate that both lidocaine
and magnesium sulfate were effective in reducing the onset
time of the non-depolarizing neuromuscular blockade
caused by rocuronium bromide. However, some limitations
must be acknowledged. The small sample size may increase
the risk of type II error and bias, while the homogeneity of
the experimental animals could compromise the generaliz-
ability of our findings. Additionally, adverse systemic
effects, such as electrolyte alterations related to magne-
sium, were not assessed.

In the magnesium group, the maximum blockade time
was 90 seconds, which is close to the minimum time in
the lidocaine group, at 80 seconds. One limitation of the
study was the absence of a group combining both adju-
vants; however, such a combination is not commonly used
in practice.

Magnesium sulfate demonstrated a significant reduction
in the onset time of rocuronium bromide, and this efficacy is
attributed to possible pre- and post-synaptic mechanisms of
action. By competing with calcium, magnesium reduces ace-
tylcholine release at the neuromuscular junction, thereby
facilitating the effect of neuromuscular blockers.10 This
interaction may explain the reduced onset time observed in
our study.

For lidocaine, the reduction in onset time of rocuronium
bromide may be attributed to a likely post-synaptic mecha-
nism, through binding to acetylcholine receptors, leading to
receptor desensitization and transient channel blockade.
Lidocaine may also impair both pre- and post-junctional
nerve conduction, further enhancing neuromuscular
blockade.11

Among the various neuromuscular monitoring modalities
available in acceleromyography, TOF is highlighted for its
5

reliability and was selected in this study, consistent with the
most recent ASA guidelines.11

Regarding reversal with sugammadex, lidocaine and mag-
nesium sulfate did not produce clinically relevant interfer-
ence with reversal of muscle function. In a previous study,12

involving 125 adult patients with ASA I or II physical status,
they concluded that the combination of lidocaine (1.5 mg.
kg-1) and rocuronium at low doses (0.6 mg.kg-1) was equiva-
lent to succinylcholine. The doses used in our experimental
model were higher than those commonly applied in clinical
practice, which limits direct extrapolation to humans. In
addition, we observed a wide variability in reversal times,
which may be more related to the experimental porcine
model than to a true pharmacological effect. This variabil-
ity, together with the limited statistical power of our study,
may also have hindered the detection of potential secondary
effects.

Previous studies13 also demonstrated that magnesium
pre-treatment enhances the neuromuscular blockade effect
of rocuronium, reducing its onset time without clinically sig-
nificant prolongation of blockade duration, in agreement
with our findings.

Regarding the reversal of neuromuscular blockade, the
magnesium-treated group showed a prolonged reversal
time, reaching 320 seconds. This difference may be attrib-
uted to several causes, as discussed previously.14 The pres-
ence of magnesium appears to enhance the effects resulting
from partial occupation of post-junctional nicotinic recep-
tors by free rocuronium molecules, leading to a longer rever-
sal time in this specific group.

Finally, a significant reduction in blood pressure was
observed in groups treated with lidocaine and magnesium,
compared to saline. Lidocaine may reduce vascular resis-
tance, while magnesium sulfate decreases intracellular cal-
cium by acting as a calcium channel blocker, promoting
vasodilation.15 Both mechanisms resulted in a more pro-
nounced reduction in blood pressure in the magnesium group
compared to lidocaine. Despite this, blood pressure was
restored without intervention, suggesting that the hypoten-
sive effect may have limited clinical relevance. Nonethe-
less, further studies are warranted to better define these
hemodynamic effects and their implications.
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Conclusion

Lidocaine and magnesium sulfate were effective in reducing
the onset time of the non-depolarizing blocker rocuronium
bromide. This research demonstrates that both lidocaine
and magnesium sulfate did not interfere with the reversal of
neuromuscular blockade and reduced its onset time, pre-
senting themselves as good alternatives for rapid access to
the airways.
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