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Background: Recent literatures have shown that lidocaine obviously shortened the onset time and reduced the maintenance dose of
vecuronium. However, there have been no reports on the use of mivacurium. This study aimed to investigate the effects of lidocaine on
the requirement and onset time of mivacurium administration during gynecological laparoscopic surgery.

Methods: 66 patients scheduled for elective gynecological laparoscopic surgery were randomly assigned to receive an intravenous
bolus of 1.5 mgkg ' lidocaine followed by a continuous infusion of 2 mg-kg '"-h™' or an equivalent volume of placebo.
Neuromuscular block was induced with 0.2 mg-kg ™' followed by an infusion of 0.2 mg-kg '-h™" mivacurium. The primary outcome
was the onset time of mivacurium. Consumption of mivacurium, extubation time, and postoperative numeric rating scale (NRS) score
for pain were recorded.

Results: The onset time of mivacurium was significantly shorter in the lidocaine group than in the control group (mean difference
—25.0's, 95% CI —47.8 to —2.3, P=0.032). Hourly consumption of mivacurium was lower in the lidocaine group than in the control
group (median difference, —0.04 mg-kg '*h™'; 95% CI, —0.08 to —0.01; P=0.017). The extubation time was also significantly shorter in
the lidocaine group than in the control group (P=0.006). The NRS pain score at 6 h and 12 h after surgery was lower in the lidocaine
group than in the control group.

Conclusion: Intravenously administered lidocaine significantly decreased the requirement of mivacurium, shortened the onset time,
accelerated the extubation time, and alleviated pain intensity at 6 h and 12 h after surgery, without increasing adverse events in patients
with a low risk of airway difficulty undergoing gynecological laparoscopic surgery. Given the small sample size from a single centre,
our result requires further verification.

Keywords: lidocaine, mivacurium, muscle relaxation, neuromuscular block, neuromuscular monitoring, tracheal intubating
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Introduction

With the development of minimally invasive technology, laparoscopic gynecological surgery has become one of the most
universal procedures for the common benign gynecological diseases such as ovarian cysts and uterine fibroids in women
globally." Neuromuscular blocking agents (NMBAs) are essential anesthetic agents during the perioperative period of
laparoscopic surgery, which can not only meet the needs of tracheal intubation, but also create good surgical space
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conditions and shorten the patient’s operation time.> Several previous studies have stated that deep neuromuscular
blockade enhanced surgical space conditions during laparoscopy and reduced the pain scores in the post-anesthesia care
unit.>> However, if NMBAs (such as vecuronium and mivacurium) are overused, it may result in residual neuromuscular
blockade (total muscle relaxation index (TOF)) less than 0.9), which has been proven to be a risk factor for severe
postoperative respiratory complications and an increase in patient morbidity, even after clinical use of sugammadex and
tracheal extubation reversal, with a risk as high as 9.4%.°® Although mivacurium is a commonly used short-acting non-
depolarizing muscle relaxant, rapid injection, repeated dosing, or prolonged continuous infusion during surgery, espe-
cially for patients with low plasma cholinesterase activity, may still lead to excessive muscle relaxation, prolong the
postoperative respiratory depression period, increase the risk of pulmonary complications, and also trigger histamine
release, thereby causing skin or cardiovascular symptoms.”' A recent systematic review and meta-analysis reported that
several pharmacological adjuncts, such as magnesium, dexmedetomidine, and clonidine, but not nicardipine, diltiazem,
or dexamethasone, may reduce the intraoperative consumption of NMBAs."" Nonetheless, whether the putative effects
are conducive or harmful remains unclear. Therefore, it is necessary to find more effective strategies to reduce NMBA
dosage and minimize the occurrence of residual muscle relaxation blockage and related respiratory complications.

Lidocaine, an amide local anesthetic with a molecular structure of C;4H,,N,O, is metabolized mainly by oxidative
N-dealkylation. When administered intravenously, it binds to the reactant alpha-1-glycoprotein to produce analgesic,
antihyperalgesic, and antinociceptive effects, primarily by blocking voltage-gated sodium channels.'? Previous studies
illuminated that perioperative intravenous administration of lidocaine not only alleviated the stress response and post-
operative pain, and reduced the total consumption of opioids and propofol, but also promoted the recovery of gastro-
intestinal function, and shortened the recovery time and the length of hospital stay.'*'” Interestingly, Munakata et al'®
expounded that vecuronium-induced neuromuscular blockade in patients with continuous lower thoracic epidural
lidocaine infusion at a rate of 2-3 mg-kg '-h™' following a bolus of 1.5-2 mg-kg ' significantly prolonged the mean
clinical duration from administration of the first dose to T1 recovery to 5% of baseline and decreased the maintenance
dose of vecuronium, but did not influence the maximum depression of T1 response and onset time obtained by
0.1 mg-kg ' vecuronium. Importantly, they also claimed that 2% lidocaine 1.5 mg-kg ' administered 3 min before
tracheal intubation shortened the onset time of vecuronium-induced neuromuscular block, but did not alleviate the
hemodynamic changes resulted from the tracheal intubation.'’

In addition, when anesthesia was induced with 30 mg lidocaine in laparoscopic pelvic surgery (LPS), muscle
relaxants were not required during total intravenous anesthesia using propofol and remifentanil.'® However, the potential
impact of lidocaine on the onset time, the mean clinical duration, and the maintenance requirements of mivacurium has
not yet been elucidated. Therefore, we hypothesized that intraoperative intravenous administration of lidocaine could
enhance neuromuscular blockade induced by mivacurium and reduce its total dosage during gynecological laparoscopic
surgery. This study was designed to explore the effect of intravenously administered lidocaine on the requirement and
onset time of mivacurium administration in patients scheduled for elective gynecological laparoscopic surgery.

Methods
Study Design and Subjects

The Research Ethics Committee of Women’s Hospital, Zhejiang University School of Medicine, Hangzhou, Zhejiang
Province approved our prospective study protocol on May 5, 2024 (No. IRB-20240144-R), which was then registered in
the Chinese Clinical Trial Registry (https://www.chictr.org.cn; Identifier: ChiCTR2400084256) on May 13, 2024. Our
research group launched the trial in Women’s Hospital, Zhejiang University School of Medicine, Hangzhou, Zhejiang

province, and the patients were enrolled from May 14, 2024, to June 30, 2024. Written informed consent was obtained
from all participants. Our study adhered to the Consolidated Standards of Reporting Trials (CONSORT) 2025
statement,'” and was compliant with the TITAN Guidelines 2025-governing declaration and the administration of Al
(https://doi.org/10.70389/PJS.100082).%° This study was also conducted in strict accordance with the principles of the

Declaration of Helsinki.?!
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Female patients aged between 18 and 65 years old, with American Society of Anesthesiologists (ASA) classification
levels of I-II, and who planned to undergo gynecological laparoscopic surgery under general anesthesia were recruited.
We excluded the following patients: those with a body mass index (BMI) greater than 25; those with a history of central
nervous system, mental disorders or neuromuscular diseases; those who had used sedatives; those who were expected to
have difficulty with mask ventilation; those who are expected to have difficulty with intubation (Mallampati classification
as IIT and IV grades, with a thyromental distance less than 6.5 centimeters and an oral opening less than 3.5 centimeters);
those with a history of hypertension, diabetes, heart disease, chronic lung disease, asthma or obstructive sleep apnea
syndrome (OSAS); those with abnormal Iung or liver function; those allergic to mivacurium chloride or lidocaine; those
with acute upper respiratory tract infection; or those who refused to participate in this study.”?

Randomization and Blinding

The trial coordinator (FPJ) generated random numbers using IBM SPSS 25.0 (IBM SPSS, Armonk, NY, USA) and then
stored the results in the sequentially numbered opaque envelopes. Prior to induction of anesthesia, the professional
pharmacist (NJW) opened the randomized envelopes, prepared the research drugs based on the patient groups, and
ensured that all the drugs had the same appearance (either lidocaine or placebo). Neither the trial coordinator (FPJ) nor
the pharmacist (NJW) participated in the perioperative anesthesia management and care, as well as the postoperative
follow-up work. The patients, responsible anesthesiologists (ZHY and LXS), other members of the medical team, and
investigators involved in the recruitment of patients, the collection of data, as well as the subsequent follow-up and
evaluation work were blinded to the patient groups.

Monitoring, Anesthesia Management, and Intervention

All the patients underwent conventional fasting and did not receive any premedication. An intravenous route was
constructed after entering the operating room, and electrocardiography (ECG), noninvasive blood pressure (NIBP),
and pulse oxygen saturation (SpO,) were used for continuous monitoring. All the recruited patients were randomly
allocated to have either an intravenous bolus of 1.5 mg-kg ' lidocaine® before anesthesia induction, following
a continuous infusion of 2 mg-kg '-h '?* for 30 min, or an equivalent volume of placebo.

Anesthesia was induced by intravenous injection of midazolam 0.1 mg-kg !, sufentanil 0.5 pug-kg ', and etomidate
0.4 mg-kg . The muscle relaxation monitoring module (E-NMT-01, GE Healthcare, Helsinki,) started when patient was
unconscious and the anesthesia depth Ai value of the electroencephalogram spectrum monitor achieved 40. The
neuromuscular function (NMF) was continuously monitored in the arm (contralateral to intravenous access) by accel-
eromyographic TOF (frequency 2 Hz, wave width 200ps, current intensity 60 mA, interval 15s) responses of the adductor
pollicis muscle to the ulnar nerve stimulation.>>** When the supramaximal stimulation was achieved and was stable for
5 min, 0.2 mg-kg ' mivacurium was given to the patient. Tracheal intubation was completed at maximal depression at T1
by an experienced anesthesiologist, and the stimulating pattern of muscle relaxation monitoring was converted to TOF
stimulation.

The patients underwent mechanical ventilation (Aestiva, GE/Datex-Ohmeda) with volume-controlled ventilation
(VCV), respiratory rate 8—10 bpm, inspiration-expiratory (I:E) ratio 1:2, tidal volume 8 mL-kg ' ideal body weight
[45.5+0.91x(height cm-152.4)]. PgrCO, was kept at the level of 35-45 mmHg through adjusting the above respiratory
settings. Anesthesia was maintained with the continuous infusion of propofol (50-100 ug-kg '-min') and remifentanil
(0.05-0.2 ug-kg "*min""). The depth of anesthesia (Ai value) was continuously monitored with an electroencephalogram
spectrum monitor (Conview YY-105, Zhejiang Puke Medical Technology Co., LTD.) and was maintained 40-60 mmHg,
and the mean arterial pressure (MAP) was maintained 60—80 mmHg. During the surgical procedure, the TOF count was
kept at 0—1 twitches and the muscle response abolishment was higher than 95%. In case the TOF ratio recovered to 0.25,
an additional continuous infusion of 0.2 mgkg '-h™' mivacurium was administered and then an increase of
0.05 mg-kg '*h™' mivacurium was given each time every 5 min interval to make TOF ratio reached 0. After full
recovery of NMF (TOF ratio> 0.9), the patient’s endotracheal tube was removed and was then transported from the
operating room to the post-anesthesia care unit (PACU).
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After staying in the PACU for at least 30 minutes and achieving a modified Aldrete score of 9, patients were returned
to the general wards.?” If the numerical rating scale for pain (NRS, on an 11-point scale, 0=no pain, 10=most severe pain)
was higher than 3, intravenous or complementary oral analgesics, including non-steroidal anti-inflammatory drugs,
acetaminophen, and opioids, were offered if necessary.

Data Collection and Outcome Assessment

The baseline data including age, body mass index, years of education, family income, stable occupation, surgical
diagnosis, preoperative condition, preoperative hemoglobin level, and the ENRICH Marital Satisfaction Scale were all
assessed. Intraoperative data included the duration of anesthesia, fluid infusion, type of surgery, medication during

anesthesia, surgical space conditions during the entire procedure assessed by the surgeon,®®

and the surgical space
conditions during dissection of the tumor of the uterus or ovary.>*’ Postoperative data included use of non-steroidal anti-
inflammatory drugs (NSAIDs) or opioids, admission to the intensive care unit (ICU), postoperative delirium (assessed
using the confusion assessment method),’® and length of hospital stay after surgery.

The primary outcome was the onset time of mivacurium, defined as the time from the administration of a bolus of
mivacurium to 100% muscle response abolishment (T1=0). The secondary outcomes included the consumption of
mivacurium, the non-response period (defined as the time from 100% muscle response abolishment (T1=0) to firstly
partial recovery of first TOF response for the first time (T1>0)), the clinical duration during the maintenance period
(defined as the time from the administration of continuous infusion of mivacurium to 25% recovery of first TOF response
during recovery from anesthesia), the recovery index (defined as the time between 25% and 75% recovery of first TOF
response during recovery from anesthesia), the extubation time (defined as the time from stopping the infusion of
mivacurium to extubation), the tracheal intubation conditions,3] the pain NRS score on postoperative lh, 6h, 12h, and
days 1, 2, 3, and Ramsay sedative scale score (ranges from 1 to 6, where 1 indicates restlessness, 6 indicates deeply
asleep and does not respond and 2 indicates completely awake, quiet and cooperative) on postoperative 1h, and 6h. The
other outcomes included the consumption of remifentanil, clinical duration during the induction period (defined as the
time from 100% muscle response abolishment (T1=0) to 25% recovery of the first TOF response for the first time), and
postoperative complications.

The occurrence of adverse events such as hypertension, hypotension, tachycardia, bradycardia, arrhythmia, desatura-
tion, bronchospasm, laryngeal edema, hyperemia, nausea and vomiting, skin flushing, rash, dizziness, tinnitus, paresthe-
sia, myalgia, muscle stiffness or tremor, and convulsions was recorded and treated according to medical protocols when
necessary. Hypotension was defined as a systolic blood pressure lower than 20% of the baseline value; while hyperten-
sion was defined as a systolic blood pressure higher than 20% of the baseline value; bradycardia was defined as heart rate
(HR) lower than 60 beats per minute; and tachycardia was defined as HR higher than 100 beats per minute; desaturation
was defined as SpO, lower than 90%.

Statistical Analysis

Sample Size Estimation

The sample size for our study was estimated by using PASS 15.0 software. It has been reported that the onset time of
0.2 mg-kg ' mivacurium was 104s-203s.>** Based on the results of our pilot study, we estimate that the average onset
time of mivacurium was 168.8s, while the average onset time of mivacurium chloride after lidocaine administration was
154.3s, with a standard deviation of 15.7. Based on a statistical power (1-) of 90% and a of 5%, approximately 52
patients were required. Taking into account a dropout rate of 20%, the sample size was 66 patients (33 in each group).

Outcome Analysis

The outcome analysis was carried out on the intention-to-treat population of the two groups. For the baseline data and
perioperative data, the chi-squared test, continuity-corrected chi-squared test, or Fisher’s exact test were employed for the
analysis of categorical variables; the Shapiro—Wilk test was performed to evaluate the distribution of continuous
variables, then, an independent samples z-test was performed with a normal distribution, while Mann—Whitney U-test
were performed with a non-normal distribution.
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The primary outcome was the onset time of mivacurium, which was compared using the independent samples #-test,
and mean differences and 95% confidence intervals (CIs) were calculated. Among secondary and other outcomes,
categorical variables (postoperative complications) were analyzed using the chi-square test, continuity-corrected chi-
square test, or Fisher’s exact test. For continuous variables that followed normal distribution, the independent samples
t-test was used for analysis; for those that did not follow normal distribution (consumption of mivacurium, non-response
period, clinical duration during the maintenance period, recovery index, extubation time, tracheal intubation conditions,
pain NRS, Ramsay sedative scale at 1h, 6h, 12h, 1d, 2d, and 3d; consumption of remifentanil; and clinical duration
during the induction period), the Mann—Whitney U-test was used for analysis and the Hodges-Lehmann estimator was
employed to calculate median differences and 95% Cls. The slope of the consumption of mivacurium or remifentanil was
defined as the average increase in the demand for mivacurium or remifentanil per minute of surgery duration, calculated
using a linear regression model and compared between groups through analysis of covariance. We also used the
generalized estimating equations to analyze and evaluate the interaction of “group X time” for the NRS score of pain,
the Ramsay sedation score, MAP, HR, and Sp02.35

For the exploratory analyses, the most severe pain score within 72 h and the area under the curve (AUC) of pain
intensity within 72 h we determined.?®>” The between-group difference in the most severe pain score within 72 h was
compared using the Mann—Whitney U-test, with median differences and 95% ClIs calculated using Hodges-Lehmann
estimator. The between-group difference in the AUC of pain intensity within 72 h was compared using the independent-
sample ¢-test, with mean differences and 95% Cls calculated using the independent-sample t-tests.

For each hypothesis, a two-sided P value less than 0.05 was determined as statistically significant. Bonferroni
correction was performed for repeated comparisons. The software we used for statistical analysis and chart drawing
were IBM SPSS for Windows version 25.0 (IBM SPSS, Armonk, NY, USA) and GraphPad Prism (version 5.0; GraphPad
Software Inc., San Diego, CA, USA).

Results

Patient Characteristics

Between May 14, 2024, and June 30, 2024, 88 patients were recruited for eligibility. Then, nine patients did not meet the
inclusion criteria, including BMI higher than 25, and a history of asthma or OSAS, severe sinus bradycardia, and allergy
to mivacurium. Thirteen patients declined to participate in the study. Finally, a total of 66 patients were randomly
assigned to two groups (n=33 in each group) and enrolled in the final analysis (Figure 1). The baseline demographic data
and surgical characteristics were comparable between the two groups (Table 1).

Perioperative Data

The intraoperative data, including duration of anesthesia, fluid infusion, type of surgery, medication during anesthesia,
surgical space conditions during the entire procedure assessed by the surgeon, and surgical space conditions during
dissection of the tumor of the uterus or ovary, did not differ between the two groups (Table 2). Postoperative data,
including admission to the ICU, use of NSAIDs or opioids, postoperative delirium, and length of hospital stay after
surgery, did not differ between the two groups (Table 2).

Efficacy Outcomes

The onset time of mivacurium was obviously shorter in the lidocaine group than in the control group (mean difference
—25.0 s, 95% CI —47.8 to —2.3, P=0.032) (Table 3 and Figure 2). The nonresponse period, clinical duration during the
maintenance period, recovery index, and tracheal intubation conditions did not differ between the two groups (Table 3
and Figure 2). The hourly mivacurium consumption was also lower in the lidocaine group (0.21 [0.18 to
0.29] mg-kg "-h™") when compared with those in the control group (0.26 [0.23 to 0.32] mg'kg '-h™") (P=0.017;
Table 3); the total mivacurium consumption did not differ between the two groups (Table 3). Additionally, the slope
of the mivacurium consumption-duration curves was lower in the lidocaine group (0.0032 [95% CI, 0.0026—0.0039])
than in the control group (0.0047 [95% CI, 0.0039-0.0055]) (P=0.005, Table 3 and Figure 3). The extubation time was
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88 Patients assessed for eligibility

9 Patients excluded
2 Asthma
3 BMI greater than 25
1 OSAS
2 Severe sinus bradycardias
1 Allergy to mivacurium

v
‘ 79 Patients eligible ‘

—b{ 13 Patients Refused to participate

A\ 4

‘ 66 Patients randomized ‘

v
v v

| 33 Assigned to placebo group | ‘ 33 Assigned to lidocaine group ‘
—b{ 1 Withdraw consent at days 2 ‘ —b{ 1 Withdraw consent at days 2 ‘
v v
33 Included in intention-to-treat analysis 33 Included in intention-to-treat analysis

Figure | Consolidated Standards of Reporting Trials (CONSORT) flow diagram defining patient assessment and enrollment numbers in the study.

significantly shorter in the lidocaine group than in the control group (median difference, —3 min; 95% CI, =5 to —1;
P=0.006) (Table 3 and Figure 4).

The clinical duration during the induction period and postoperative complications did not differ between the groups
(Table 3). Hourly remifentanil consumption was also lower in the lidocaine group (13 [11-15] mg-kg 'h™") than in the control

Table | Baseline Data

Variables Lidocaine Group (n=33) Control Group (n=33) P value
Age (years) 31 (28, 33) 31 (28, 35) 0.719
Body mass index (kg'm ?) 21.5%1.9 21.7%2.2 0.654
Education (years) 0.580

<9 6 (18.2%) 9 (27.3%)

9-12 5 (15.2%) 6 (18.2%)

>12 22 (66.7%) 18 (54.5%)

Preoperative condition

Medical comorbidities® 8 (24.2%) 7 (21.2%) 0.769
Gynecological diseases® 11 (33.3%) 5 (15.2%) 0.085
History of surgery® 19 (57.6%) 20 (60.6%) 0.802
History of marriage 31 (93.9%) 30 (90.9%) 0.642
History of cesarean section 3 (9.1%) 4 (12.1%) 0.689
(Continued)
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Table | (Continued).

Variables Lidocaine Group (n=33) Control Group (n=33) P value
History of adverse pregnancy® 5 (15.2%) 2 (6.1%) 0.230
Smoking or alcohol drinking 2 (6.1%) 4 (12.1%) 0.392
History of allergy 2 (6.1%) 2 (6.1%) >0.999

Surgical diagnosis
Salpingitis 7 (21.2%) 7 (21.2%) >0.999
Hydrosalpinx 10 (30.3%) 12 (36.4%) 0.602
Mesosalpinx cyst 7 (21.2%) 3 (9.1%) 0.170
Myoma of uterus 7 (21.2%) 2 (6.1%) 0.073
Benign tumor of ovary I (3.0%) 3 (9.1%) 0.302
Ectopic pregnancy 5 (15.2%) 8 (24.2%) 0.353

Preoperative hemoglobin (g/dL) 127 (120, 136) 130 (124, 139) 0.108

Notes: Data are mean + SD, n (%), or median (interquartile range). *Included asthma, interstitial lung disease, arrhythmia, latent
glomerulonephritis, polycystic kidney, nephrotic syndrome, systemic lupus erythematosus, L-carnitine deficiency, and positive
hepatitis B surface antigen. ®Included hysteromyoma, ovarian cysts, dysfunctional uterine bleeding, polycystic ovary syndrome, and
pelvic inflammatory disease. “Excluded cesarean section. “Included miscarriages, induced abortion, ectopic pregnancy, and
midtrimester induction of labor due to fetal anomalies.

Table 2 Intraoperative and Postoperative Data

Variables Lidocaine Control Group P value
Group (n=33) (n=33)
Intraoperative data
Duration of anesthesia (min) 85 (66, 121) 75 (62, 116) 0.408
Fluid infusion (mL) 1000 (1000, 1500) | 1000 (1000, 1250) | 0.745
Estimated blood loss (mL) 20 (10, 20) 20 (10, 50) 0.096
Allogeneic blood transfusion® 0 0 -
Type of surgery 0.778
Laparoscopy 9 (27.3%) 8 (24.2%)
Laparoscopy and hysteroscopy 24 (72.7%) 25 (75.8%)
Surgery duration (min) 78 (58, 118) 66 (54, 112) 0.356
Medication during anesthesia
Dose of sufentanil (ug) 27 (25, 30) 30 (25, 31) 0.110
Dose of propofol (mg) 370 (260, 490) 370 (300, 550) 0.390
Dose of etomidate (mg) 16 (15, 18) 17 (15, 20) 0.467
Use of midazolam 33 (100%) 33 (100%) >0.999
(Continued)
Drug Design, Development and Therapy 2026:20 htps: 7



Fu et al

Table 2 (Continued).

Variables Lidocaine Control Group P value
Group (n=33) (n=33)

Use of butorphanol 33 (100%) 33 (100%) >0.999

Use of azasetron 33 (100%) 33 (100%) >0.999

Sevoflurane inhalation 0 0 -

Use of vasopressors® 5 (15.2%) 8 (24.2%) 0.353

Use of vasodilators® 0 0 -

Use of oxytocin 3 (9.1%) 1 (3.0%) 0.302

Use of Pituitrin 4 (12.1%) 2 (6.1%) 0.392
Surgical space condition during the entire procedure (I, 1) (I, 1) 0.722

assessed by the surgeon, point®

Surgical space conditions during dissection of the tumor of | 10 (10, 20) 10 (10, 20) 0.750

the uterus or ovary, point®

Postoperative data

Admission to the ICU 0 0 -
Length of stay after surgery (day) 33,3 33,3 0.159
Use of NSAIDs 4 (12.1%) 7 (21.2%) 0.322
Use of nerve block 0 0 -
Use of opioids 0 1 (3.0%) 0314
Use of other painkillers 0 0 -
Postoperative delirium 0 0 -

Notes: Data are n (%), or median (interquartile range). *Included red blood cells and plasma. ®Included ephedrine and phenylephrine.
“Included nicardipine and urapidil. 9The surgical space conditions during the entire procedure assessed by the surgeon; Score ranges from
| to 4, where | = optimal surgical space conditions and 4 = inadequate conditions. “The surgical space conditions during dissection of the
tumor of the uterus or ovary ranges from 0 to 100; 0 = optimal surgical space conditions; 100 = unacceptable surgical space conditions.
‘Included acetaminophen.

group (19 [15-25] mg-kg '-h™") (P<0.001; Table 3), and total remifentanil consumption was also lower in the lidocaine group
(18 [14-22] mg-kg ') than in the control group (28 [17-32] mg-kg ') (P = 0.007; Table 3). However, the slope of the
remifentanil consumption-duration curves did not differ between the two groups (Table 3 and Figure 3).

The NRS pain score was lower in the lidocaine group than in the control group at 6 h after surgery (P=0.004), and
12 h after surgery (P=0.001); the NRS pain score at 1 h after surgery, 1 d after surgery, 2 days after surgery, and 3 days
after surgery did not differ between the groups (Table 4 and Figure 5). The Ramsay sedation scale score at all time points
did not differ between the groups (Table 4 and Figure 5). The analysis results of the generalized estimating equation
indicated that there was no interaction between time and group for the NRS score of pain (P=0.593) or the Ramsay
sedation score (P=0.591). No significant differences were observed between the two groups in the MAP, HR, or SpO, at
any time point throughout the entire surgical procedure (Supplemental Table S1). The analysis results of the generalized

estimating equation indicated that there was no interaction between time and group for the MAP (P=0.583), HR
(P=0.516), or SpO, (P=0.05).

In the exploratory analysis, the most severe pain score within 72 h was lower in the lidocaine group than in the
control group (median difference —1, 95% CI, —1 to 0; P=0.007) (Table 3), and the AUC of pain intensity within
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Table 3 Efficacy Outcomes

Lidocaine Group Control Group Effect Size, MD (95% CI) * | P value
(n=33) (n=33)
Primary outcome
Onset time of mivacurium (s)° 155.7+48.6 180.7+43.7 —25.0 (—47.8, -2.3) 0.032
Secondary outcomes
Hourly consumption of mivacurium 0.21 (0.18, 0.29) 0.26 (0.23, 0.32) —0.04 (—0.08, —0.01) 0.017
(mgkg 'h)
Total consumption of mivacurium (mgkg ') 0.30 (0.23, 0.46) 0.33 (0.27, 0.51) —0.04 (—0.09, 0.04) 0.287

Slope of mivacurium consumption (95% CI)° 0.0032 (0.0026, 0.0039) 0.0047 (0.0039, 0.0055) | —0.0015 (—0.0025, —0.0005) 0.005

Extubation time (min)? 12 (10, 15) 15 (12, 19) -3 (-5, -1) 0.006
Non-response period (min)® 10 (8, 13) 8 (5, 12) 2 (0, 4) 0.127
Clinical duration during maintenance (min)’ 80 (55, 104) 65 (48, 107) 6 (—10, 25) 0.457
Recovery index (min)® 6 (5 8) 6 (4, 10) 0(-21) 0.742
Intubation condition by Cooper’s Method, point" | 0 (0, 0) 0(,1) 0 (0, 0) 0.435

Other outcomes

Remifentanil consumption (ugkg ' h ") 13 (11, 15) 19 (15, 25) —6 (-9, -3) <0.001
Remifentanil consumption (ug kg ') 18 (14, 22) 28 (17, 32) -7 (-12,-2) 0.007
Slope of remifentanil consumption (95% CIy' 0.192 (0.165, 0.219) 0.218 (0.136, 0.301) —0.026 (—0.111, 0.058) 0.501
Clinical duration during the induction period’ | 7 (6, 9) 7 (6, 8) oL 0.504
Postoperative complications® 0 (0.0%) 0 (0.0%) - -

Exploratory analysis

Most severe pain intensity within 72h' 2(2,3) 32,4 =1 (-=1,0) 0.007

Area under the curve of pain intensity over 72h' | 103.0£44.7 137.9+41.1 —34.9 (-56.0, —13.8) 0.002

Notes: Data are mean * SD, n (%), or median (interquartile range). P values in bold indicate <0.05. *MD denotes mean difference for normally distributed variables
and median difference for non-normally distributed variables. "Defined as the time from the administration of a bolus of 0.2 mgkg ' mivacurium to 100% muscle
response abolishment (T1=0). “Defined as the average increase in the demand for mivacurium per minute of surgery duration, calculated using a linear regression
model and compared between groups through analysis of covariance. 9Defined as the time from stopping the infusion of mivacurium to extubation. *Defined as the
time from 100% muscle response abolishment (T1=0) to firstly partial recovery of first TOF response for the first time (T1>0). Defined as the time from the
administration of continuous infusion of mivacurium to 25% recovery of first TOF response during recovery from anesthesia. Defined as the time between 25% and
75% recovery of first TOF response during recovery from anesthesia. "Scoring of tracheal intubation conditions was evaluated according to the jaw relaxation,
position of the vocal cords and airway reaction, using the evaluation scale of 0, I, 2, and 3, which means excellent, good, poor or unable to intubate. 'Defined as the
average increase in the demand for remifentanil per minute of surgery duration, calculated using a linear regression model and compared between groups through
analysis of covariance. 'Defined as the time from 100% muscle response abolishment (T1=0) to 25% recovery of first TOF response for the first time. “Generally
defined as new-onset medical conditions that were harmful to patients’ recovery and required medical intervention. 'Pain intensity was assessed with the numeric
rating scale score (an | |-point scale where 0 indicates no pain and 10 the worst pain.

72 h was also lower in the lidocaine group than in the control group (mean difference —34.9, 95% CI —56.0 to
—13.8, P=0.002) (P = 0.002; Table 3).

Safety Outcomes
Throughout the entire surgical procedure and within the three days following the operation, the incidence of adverse
events such as hypertension, hypotension, arrhythmia, tachycardia, bradycardia, desaturation, and bronchospasm did not
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Figure 2 Comparison of the onset time (A), nonresponse period (B), clinical duration during the maintenance period of mivacurium (C), and recovery index (D) between
the two groups.
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Figure 3 Comparison of mivacurium requirements between the two groups.

differ between the groups. The risks of nausea and vomiting, skin flushing, rash, dizziness, tinnitus, paresthesia, myalgia,
muscle stiffness or tremor, and convulsions did not differ between the groups. Table 5 reported only adverse events with
at least one occurrence in either group.

Discussion

In this prospective study, we first evaluated the effects of lidocaine on the dosage requirements and onset time of
mivacurium administration during gynecological laparoscopic surgery. Notably, we were delighted to discover that
intraoperative intravenous administration of low-dose lidocaine significantly reduced the hourly requirements of
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Figure 4 Comparison of the scoring of tracheal intubation conditions (A), surgical space conditions during the entire procedure assessed by the surgeon (B), and surgical
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Table 4 Numeric Rating Scale Score of Pain and Ramsay Sedation Scale Score During the Perioperative Period (Secondary Outcomes)

Lidocaine Group Control Group Effect Size, MD (95% CI) ® | P value
(n=33) (n=33)
Numeric rating scale score of pain, median (IQR), 0.593 ©
point i
I h after surgery 2(2,3) 3(2,3) -1 (-1,0) 0.028
6 h after surgery 2(2,3) 3(23) =1 (-=1,0) 0.004
12 h after surgery 2(1,2) 3(23) =1 (-1,0) 0.001
| d after surgery 2(1,2) 2(2,3) 0(-1,0) 0.008
2 d after surgery 1(1,2) 2(1,2) 0(-1,0) 0.023
3 d after surgery 10, I) 1 (0, 2) 0(-1,0) 0.090
Ramsay sedation scale score, median (IQR), point ¢ 0.591 ©
| h after surgery 2(2,3) 3(23) 0 (0, 0) 0.328
6 h after surgery 2(2,2) 2(2,3) 0 (0, 0) 0.073

Notes: Data are median (interquartile range). P values in bold indicate <0.05/6=0.008 after Bonferroni correction. MD denotes median difference for non-normally
distributed variables. ®Score ranges from 0 to 10, where 0=no pain and 10=the worst pain. “Calculated by the generalized estimating equations for the interactive term
“group x time”. ¢ Ramsay sedation scale score ranges from | (restlessness) to 6 (deeply asleep and does not respond) and 2 indicates completely awake, quiet and
cooperative.

mivacurium, accelerated its onset time, shortened extubation time, and improved postoperative pain without causing
adverse events during gynecological laparoscopic surgery, suggesting that the medication regimen for lidocaine may
reduce the risk of residual muscle relaxation after surgery to some extent.

Mivacurium is one of the shortest acting non-depolarizing neuromuscular blocking agents (NDMRs) available
and has the advantages of short infusion time and unchanged recovery characteristics.®® Furthermore, it has been
proved to provide the best conditions for tracheal intubation and improve the surgical environment.>® However,
some clinical conditions, diseases (such as infections, oculopharyngeal muscular dystrophy, congenital heart defects,
renal failure, liver cirrhosis) and drug interactions are considered to potentially lead to resistance to NDMRs, which
may result in difficulties in intubation or suboptimal operating conditions during the surgery.’® Lidocaine, as an
amide local anesthetic, has been increasingly used in surgical patients because of its neuromuscular blocking
properties.*® According to previous reports, pre-treatment with intravenous 2% lidocaine 1.5 mg-kg ' prior to
tracheal intubation remarkably reduced the time to onset of neuromuscular block caused by vecuronium,'’
Whereas, several direct evidences still showed that intravenous lidocaine 1.5 mg-kg ' followed by a continuous
infusion of 2 mg-kg '-h™' throughout surgery has no impact on the onset time of a 0.6 mg-kg ' rocuronium-induced

k,*'** and a bolus of 3 mg-kg ' lidocaine with a continuous infusion of 3 mg-kg '-h™" during

neuromuscular bloc
the operation did not change the speed of onset of cisatracurium and exert any additional impact on the cisatracur-
jum-induced neuromuscular block, even combined with magnesium sulfate.*” Our team firstly investigated the effect
of low-dose lidocaine on the neuromuscular block profile of mivacurium during gynecological laparoscopic surgery
and found that our dose of lidocaine significantly shortened the onset time of mivacurium, which contributed to
establish the airway earlier and reduce the risks of hypoxemia, airway obstruction, and aspiration during anesthesia
induction. We speculated that there might be two possible reasons. Firstly, lidocaine may enhance the blocking
effect of mivacurium at the neuromuscular junction by inhibiting nerve conduction, thereby increasing the intensity
of muscle relaxation. Secondly, lidocaine may also indirectly affect the effect of muscle relaxants through mechan-
isms such as regulating calcium ion channels or influencing the release of presynaptic neurotransmitters.

Nevertheless, the reduction in the onset time of muscle relaxation was relatively small, so its impact on the overall

12 https: Drug Design, Development and Therapy 2026:20



Fu et al

[ Lidocaine group
[ Control group
8—
°
5 # #
2
£ o o
Q.
k)
o
©
a
o
£ 47 °
o
@
£
3
z
2_ ‘ i , ‘
o ° °
1h 6h 12h 1d 2d

Time after surgery

[ Lidocaine group

6 [E Control group
5

o

o

o

3

o 4

[

o

(2}

[

S

5

hel

Q

o

5 % x

[}

£

©

['4
> _ _ _ _ _ _ _
1 Th 6h 12h 1d 2d

Time after surgery

Figure 5 Comparison of the NRS pain score (A) and Ramsay Sedation Scale score (B) between the two groups within postoperative 24h. NRS, a numeric rating scale, is an
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interquartile range) and extreme outliers (¥, outside 3 times the interquartile range).(#, P<0.008 versus the control group).

intubation time was rather minor. Moreover, specific mechanisms such as direct neuromuscular regulation, analgesic
synergy, or other pharmacological responses remain unclear at present and warrant further exploration through more
research.

Low-dose lidocaine may have a relatively brief duration of action, limiting its ability to prolong the enhancement of
the neuromuscular blocking effects. Present evidence showed that the lower thoracic epidural continuous injection of
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Table 5 Adverse Events

Lidocaine Group (n=33) | Control Group (n=33) | Effect Size, RR (95% Cl) * | P value
Tachycardia® 2 (6.1%) 4 (12.1%) 0.50 (0.09, 2.54) 0.392
Bradycardia® 0 I (3.0%) - 0314
Hypotension® 7 (21.2%) 12 (36.4%) 0.58 (0.26, 1.30) 0.174
Nausea or vomiting | 3 (9.1%) 6 (18.2%) 0.50 (0.13, 1.83) 0.282
Tinnitus I (3.0%) 0 - 0.314
Dizziness 3 (9.1%) 4 (12.1%) 0.75 (0.18, 3.09) 0.689
Shivering 2 (6.1%) I (3.0%) 2.00 (0.19, 21.00) 0.555
Hoarseness 0 I (3.0%) - 0314

Notes: Data are n (%). ® RR denotes relative risk. ® Defined as heart rate >100 beats per minute or an increase of >20% from baseline. © Defined
as heart rate <60 beats per minute or a decrease of >20% from baseline. ¢ Defined as systolic blood pressure <90 mmHg or a decrease of >20%
from baseline.

lidocaine significantly prolonged the mean clinical duration from administration of the first dose to T1 recovery to 5% of
baseline obtained by vecuronium 0.1 mg-kg '.'® Conversely, a randomized controlled trial conducted in Switzerland
reported that intravenous lidocaine at a bolus dose of 1.5 mg-kg ' followed by a continuous infusion of 2 mg-kg '-h ™
did not influence the clinical duration (until first twitch has recovered to 25%) of the neuromuscular blockade induced by
a standard intubation dose of rocuronium in adults undergoing surgery.*' Likewise, our lidocaine dosage regimen did not
alter the non-response period or clinical duration during induction, nor did it improve intubation conditions, which may
be attributable to the inclusion of a relatively young female patient population. However, it is still necessary to perform
large-scale studies to investigate the actual impact of intraoperative lidocaine supplementation on the clinical duration of
action of mivacurium.

Despite numerous studies showing the benefits of intraoperative systemic NMBAs in various surgeries, excessive use can
lead to postoperative residual neuromuscular block and increased respiratory complications, such as, pulmonary infection and
atelectasis.®® Currently, few researches paid more attention to the effects of the perioperative adjuncts on the consumption of
NMBASs and draw the determined judgements. Strikingly, a previous randomized controlled trial stated that the intraoperative
systemic lidocaine infusion (1.5 mg-kg ' bolus, then 1.5 mg-kg '-h™') can result in decreased intraoperative consumption of
rocuronium and higher TOF ratios at time of extubation and on arrival to PACU in generally anesthetized patients.** Local
anesthetics act on neuromuscular transmission in a dose-dependent manner and may potentiate the effects of NMBAs. We
summarized the dosage of mivacurium and found that our use of lidocaine infusion successfully delayed the hourly
consumption of mivacurium and flattened the slope of the mivacurium chloride consumption-duration curves, implying
that lidocaine not only accelerated the onset of mivacurium but also enhanced its muscle relaxant effect, thereby helping
achieve a clinically acceptable depth of neuromuscular blockade. However, the amount of muscle relaxant saved was
relatively small, so the overall clinical benefits of adding lidocaine still need to be further evaluated.

Previous evidence showed that intraoperative intravenous lidocaine did not prolong the time to spontaneous recovery of
a TOF ratio > 0.9 after administered cisatracurium.”® Similarly, our findings showed no significant changes in the clinical
duration during the maintenance period and the recovery index, which may be due to the shorter infusion time of lidocaine.
Importantly, we observed the shortened extubation time, suggesting that lidocaine may reduce the incidence of residual
neuromuscular block by influencing the sensitivity of neuromuscular conduction, thereby altering the dose requirement of
mivacurium. Despite previous literature indicating that intraoperative intravenous administration of 1 mg-kg ' lidocaine
followed by continuous infusion at 1.5 mg-kg '-h™' did not reduce the extubation time in elderly patients undergoing hip
fracture.** This discrepancy could be attributed to differences in patient age, lidocaine dosing, and surgical type. However, our
data also reflect the strong synergistic effects of lidocaine. Further high-quality studies are needed to investigate its impact on

recovery time, extubation time, and mivacurium requirements in broader populations.
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During the entire surgical procedure, continuous intravenous infusion of systemic lidocaine has analgesic, antihyper-
algesic, and anti-inflammatory properties. A recent meta-analysis including six randomized controlled trials confirmed
that intravenous lidocaine can lower postoperative pain scores, cumulative opioid requirements, and opioid-related
adverse effects following laparoscopic cholecystectomy.*’ Similarly, a randomized controlled trial declared that in
elderly patients received intravenous lidocaine at 1 mg-kg ' followed by continuous infusion at 1.5 mg-kg '-h™', the
intraoperative total dosage of sufentanil, remifentanil, and propofol were obviously lower than in patients receiving
normal saline during hip fracture surgery.** Consistent with these findings, our study showed that intraoperative
supplemental lidocaine significantly reduced the intraoperative requirements for remifentanil, suggesting that systemic
lidocaine has a certain analgesic effect. In addition, our results also exhibited that lidocaine as an adjuvant significantly
improved the NRS score for pain at 6 h and 12 h after surgery, suggesting that continuous intraoperative infusion of
lidocaine has a short-term reduction in pain scores at 6 h and 12 h. In view of our small sample size, the clinical safety
and postoperative outcomes of this patient population require further clarification. Our team has presented new insights
regarding the use of lidocaine as an adjunctive medication, and has emphasized its new value and advantages in the
perioperative period. This has provided new ideas for the perioperative care, drug selection, and optimal drug combina-
tion for patients undergoing laparoscopic surgery. More high-quality clinical trials are warranted to better understand its
application and full effect in both generalized and special populations.

Limitations

Certainly, our study still had several limitations. First, participants with abnormal anatomy, a history of neuromuscular
diseases, or a high risk of airway difficulties (eg, obesity and OSAS) have been excluded from our study, however, they
may be more suitable for and would benefit from our protocol; therefore, they will be a key target population for our next
study design. Second, only one of the commonly used intravenous doses (1.5 mg-kg ' followed by a continuous infusion
of 2 mg-kg 'h™") was selected. There is insufficient clinical evidence of the synergistic effect of intravenous lidocaine
on muscle relaxation, and the optimal dose and infusion duration of lidocaine need to be further clarified. Third, it is
significant to consider its potential side effects and safety profiles. Larger studies are warranted to fully evaluate the
safety, long-term effects, and optimal administration strategies for intravenous lidocaine in different patient populations.
Fourth, although the current study found that lidocaine significantly shortened the onset time of mivacurium and
accelerated the extubation time and no apparent complications were observed in our participants, the effects of
intravenous ancillary administration of lidocaine at various doses on mivacurium and the occurrence of adverse events
remain unclear, and more high-quality follow-up studies are needed for systematic evaluation. Fifth, although the onset
time of mivacurium was shortened by 25s and hourly consumption decreased by 0.04 mg-kg '-h™", the practical impact
of these changes in routine clinical settings may be modest. Given that a 25s reduction is unlikely to influence standard
intubation timing and the dosage saving is relatively small, the overall benefit of adding lidocaine infusion warrants
further evaluation. Sixth, although the study observed significant effects of lidocaine on mivacurium but lacked a detailed
exploration of the underlying mechanisms for example direct neuromuscular modulation, analgesic synergy, or other
pharmacologic reactions. Our team’s future research will focus on further in-depth exploration of the potential pharma-
cological and molecular biological mechanisms of the interaction between lidocaine and mivacurium.

Conclusions

In summary, our initial research suggested that the intraoperative administration of low-dose lidocaine significantly
reduced the hourly consumption of mivacurium, expedited the onset time, shortened the extubation time, and decreased
the pain score at 6 h and 12 h after surgery, without increasing adverse events in patients with a low risk of airway
difficulty. Accordingly, we speculated that whether the intravenous administration of lidocaine could potentially lower
the risk of residual neuromuscular blockade after surgery remains uncertain at present and requires confirmation in future
studies. However, due to the small single-centre sample, our research results need to be further verified through future
large-sample multi-center studies. However, in clinical practice, anesthesiologists still need to fully understand the
potential interaction between lidocaine and mivacurium, and rationally adjust the timing and dosage of medication to
ensure the safety and controllability of the anesthesia process. Future research should further explore the interaction
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mechanisms of these two drugs under different physiological and pathological conditions to provide a more solid
theoretical basis for individualized anesthesia management.
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