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Purpose: Sufentanil has been widely used to inhibit the hemodynamic responses caused by tracheal intubation. Using intravenous 
lidocaine may reduce the dose of sufentanil and better maintain the hemodynamics. This study aimed to determine the effects of 
intravenous lidocaine on the median effective concentration (EC50) of sufentanil for endotracheal intubation in obese patients.
Patients and Methods: This is a randomized, double-blind, up-and-down sequential allocation study. Fifty obese patients undergoing 
bariatric surgery were randomly allocated in a 1:1 ratio into the lidocaine group and the saline group. Anesthesia was induced using a target- 
controlled infusion of propofol and sufentanil. The effect-site concentration (Ce) of propofol was 3.5 μg/mL. The Ce of sufentanil for the 
first patient was 0.4 ng/mL, and the sufentanil dose for the next patient was determined according to the responses of the previous patient, 
using Dixon’s up-and-down sequential method with an interval of 0.05 ng/mL. When the target concentration of propofol and sufentanil was 
reached, lidocaine 1.5 mg/kg or the same volume of normal saline was infused over 3 min. Tracheal intubation was performed 3 min after the 
end of the lidocaine or normal saline infusion. Probit regression was used to calculate the EC50 and 95% confidence interval (CI) of 
sufentanil.
Results: Thirty-eight patients completed this study. The EC50 of sufentanil was 0.36 ng/mL (95% CI: 0.31–0.41 ng/mL) in the 
lidocaine group, which was significantly lower than 0.50 ng/mL (95% CI: 0.43–0.62 ng/mL) in the saline group. In addition, compared 
with saline group, the dosage of sufentanil in lidocaine group decreased significantly during the test. The hemodynamics of the two 
groups were stable during the study period.
Conclusion: Intravenous lidocaine 1.5 mg/kg decreased the EC50 of sufentanil required for tracheal intubation in obese patients 
undergoing bariatric surgery.
Keywords: lidocaine, median effective concentration, sufentanil, obesity

Introduction
The prevalence of obesity has been increasing over the past decades.1 Obesity is associated with many comorbidities, such as 
hypertension, diabetes, and cardiovascular diseases.2 Treatment for obesity includes lifestyle interventions, pharmacotherapy, 
and bariatric surgery.3 Compared with non-surgical interventions, bariatric surgery is a more effective therapeutic strategy for 
weight loss and weight-associated comorbidities.4 Tracheal intubation is routinely performed for patients undergoing bariatric 
surgery and may cause adverse cardiovascular responses.5 In obese patients, the increased sympathetic activity and catecho-
lamine levels contribute to potential cardiovascular risk during tracheal intubation.6,7 Therefore, it is important to maintain 
hemodynamic stability during tracheal intubation in obese patients.

Many medications, such as dexmedetomidine,8 lidocaine,9 fentanyl,10 esmolol,11 propofol,12 and volatile anesthetic 
agents,13 have been used to inhibit hemodynamic responses induced by tracheal intubation. Currently, sufentanil is commonly 
used to attenuate cardiovascular reactions during tracheal intubation.14 However, using sufentanil during anesthesia induction 
is associated with a reduction in blood pressure and heart rate.15 Previous clinical studies suggested that intravenous injection 
of 1.5 mg/kg lidocaine before tracheal intubation attenuated the hemodynamic responses without cardiovascular inhibition.9,16 
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The combination of sufentanil and lidocaine may achieve stable hemodynamics during anesthesia induction and tracheal 
intubation. However, the effect of lidocaine on the median effective concentration (EC50) of sufentanil for tracheal intubation 
in obese patients is still unknown. Therefore, we designed this study to determine the EC50 of sufentanil when combined with 
lidocaine in obese patients for tracheal intubation.

Materials and Methods
Ethical Approval
This is a prospective, randomized, double-blind, and up-and-down sequential allocation trial. The study protocol was approved 
by the Institutional Ethics Committee of the Affiliated Hospital of North Sichuan Medical College (Approval No. 2022ER385-1) 
on 14 October 2022 and registered on the Chinese Clinical Trials Registry (available at http://www.chictr.org.cn, identifier: 
ChiCTR-2200064981) on 25 October 2022. All participants provided their written informed consent.

Participants
From October 25, 2022, to February 28, 2023, fifty patients who underwent laparoscopic bariatric surgery under general 
anesthesia were enrolled in this study. The inclusion criteria were 18–65 years old, body mass index (BMI) ≥ 30 kg/m2, 
and American Society of Anesthesiologists (ASA) physical status of II–III. The exclusion criteria were as follows: 
serious cardiopulmonary disease; abnormal liver and kidney function; body weight >150 kg;17 anticipated difficult 
airway; known allergy to general anesthetics or lidocaine; or recent use of drugs that affect the sympathetic adrenergic 
system or hemodynamics (such as atropine and enalapril).

Randomization and Blinding
All eligible patients were randomly allocated, in a 1:1 ratio, to the lidocaine group (n=25) and the normal saline group 
(n=25) using a computer-generated random number sequence. The allocation details were concealed using opaque sealed 
envelopes. A research nurse prepared the study solutions (lidocaine and normal saline) in identical 20 mL syringes. 
Lidocaine was diluted with 0.9% normal saline to a final volume of 20 mL. Patients in the normal saline group received 
the same volume of saline. All patients, surgeons, and other investigators were masked to the group allocation.

Anesthesia
All patients fasted before the operation. After entering the operating room, patients were monitored with an electrocardio-
gram, pulse oximetry, non-invasive mean arterial blood pressure (MAP), heart rate (HR) and cerebral state index (CSI). 
A peripheral venous of the left arm was cannulated, and 5 mL/kg lactated ringer solution was infused before induction. 
Patients received preoxygenation with 100% oxygen via a facemask for 3 min. General anesthesia was induced with 
propofol target-controlled infusion (TCI, propofol based on adjusted body weight [ABW], Marsh pharmacokinetic 
model)18 with effect-site concentration (Ce) of 3.5 μg/mL19 and sufentanil TCI (Gepts pharmacokinetic model)20. The 
Ce of sufentanil for the first patient in either the lidocaine group or the normal saline group was set at 0.4 ng/mL, based 
on our preliminary observation and a study by Bidgoli et al.21 Following loss of consciousness, ulnar nerve stimulation was 
initiated to monitor the train-of-four (TOF) response.

When the targets concentration of propofol and sufentanil was reached, lidocaine 1.5 mg/kg (ABW) or the same volume 
of normal saline was infused over 3 min. Tracheal intubation was performed 3 min after the end of lidocaine or normal 
saline infusion. Rocuronium 0.9 mg/kg (ideal body weight [IBW]) was administered to facilitate tracheal intubation. ABW 
and IBW were calculated as follows: ABW ¼ IBWþ 0:4 total body weight � IBWð Þ; IBW kgð Þ ¼ height cmð Þ � x 
where x ¼ 105 for females and 100 for malesð Þ.22 When CSI values was within 40–60 and TOF count was 0, an experienced 

anesthesiologist performed the tracheal intubation using a video laryngoscope within 30 seconds. Mechanical ventilation was 
performed after intubation with 100% oxygen (tidal volume of 8 mL/kg, frequency of 10–14 breaths/min). The end-tidal CO2 was 
monitored. During induction of anesthesia and tracheal intubation, the values of MAP and HR were recorded at 1-min intervals 
until 3 min after tracheal intubation. Bradycardia (HR < 50 beats/min) and hypotension (MAP < 50 mmHg) were treated with 
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atropine and ephedrine. If these hemodynamic events occurred, the patient was excluded from the study. After the trial, the chief 
anesthesiologist administered the anesthesia according to his schedule until the end of the operation.

Determination of EC50
The EC50 of sufentanil was determined using Dixon’s up-and-down sequential allocation method.23 The Ce of sufentanil 
for the first patient was 0.4 ng/mL. If there was a positive response (an increase of HR or MAP ≥ 20% of the baseline 
values to tracheal intubation within 3 min), the Ce of sufentanil for the subsequent patient was increased by 0.05 ng/mL. 
If there was a negative response (HR and MAP values recorded 3 min after intubation did not exceed 20% of the baseline 
values), the Ce of sufentanil for the subsequent patient was decreased by 0.05 ng/mL. When six “positive versus negative 
response or negative versus positive response” crossover points were obtained, we considered that a sufficient number of 
patients was reached for this study.

Statistical Analysis
The non-independence and unknown distribution of data of the sequential methodology study prevent the formulation of 
theoretical strict rules for calculating sample size.24 Simulation study shows that including at least 20–40 patients will 
provide a stable estimate of the target dose for most scenarios.25 In our study, we included 25 patients in each group, 
which can make a stable estimation, and after obtaining six crossovers of a positive or negative response, the 
measurements were terminated. The normality of data was evaluated using the Shapiro–Wilk test. Continuous data are 
expressed as mean ± SD or medians (25th to 75th percentiles) where appropriate, and discrete data are presented as 
numbers and percentages. Continuous data were analyzed by Student’s t-test or rank tests, and categorical data were 
analyzed by Fisher’s exact test. Changes in HR and MAP over time between the saline and lidocaine groups were 
analyzed with a two-way repeated measures ANOVA, with the group as the between-subjects factor and time as the 
within-subjects factor. Probit probability unit regression analysis was used to calculate EC50 and the 95% confidence 
interval (CI) of sufentanil. The comparison of EC50 values between the two groups was performed using the Mann– 
Whitney U-test. A two-tailed P value <0.05 was considered statistically significant. Statistical analyses were conducted 
using the SPSS software (version 26.0).

Results
A total of 51 patients were initially approached. Of these, one patient refused to participate, and 50 patients were 
recruited in this trial, with 25 patients randomized to each group. Finally, 38 patients completed the study, with 18 in the 
lidocaine group and 20 in the saline group (Figure 1). In the saline group, one patient was excluded due to MAP < 50 
mmHg during the induction of anesthesia. In addition, seven patients in the lidocaine group and four in the saline group 
were withdrawn from the study after six crossover points were obtained.

There were no significant differences in patient characteristics between the two groups (Table 1). The dosages of 
propofol and rocuronium were comparable between groups. Compared with the saline group, the dose of sufentanil in the 
lidocaine group was significantly reduced [20.0 (17.8–23.0) μg vs 25.0 (25.0–28.8) μg, P < 0.001] (Table 1). The two 
groups had similar baseline values of MAP and HR. MAP and HR values were not significantly different between the 
two groups at different time points (Table 2). Figure 2A and B show the process of determining the EC50 of sufentanil in 
the two groups. The use of lidocaine significantly reduced the EC50 of sufentanil (0.36 ng/mL; 95% CI: 0.31–0.41 ng/ 
mL) compared to normal saline (0.50 ng/mL; 95% CI: 0.43–0.62 ng/mL), with a 28% of reduction in EC50 by lidocaine 
(Table 3).

Discussion
In this study, we found that the adjunct use of lidocaine reduced the EC50 of sufentanil for tracheal intubation in obese 
patients undergoing bariatric surgery. The EC50 of sufentanil to inhibit responses to tracheal intubation in the normal 
saline group was 0.50 ng/mL, whereas the intravenous injection of 1.5 mg/kg lidocaine reduced the EC50 of sufentanil to 
0.36 ng/mL.
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Al-Metwalli et al26 reported that the EC50 of sufentanil required for laryngeal mask insertion during a propofol TCI 
at Ce of 4.0 μg/mL was 0.16 ng/mL, which was lower than that in our study. That is possibly because the Ce of propofol 
is higher than ours (3.5 μg/mL), and the hemodynamic response to laryngeal mask insertion is lower than that to tracheal 
intubation. The main finding of our study is that the dose of sufentanil in the lidocaine group was significantly decreased. 
Similar to our results, Xu et al27 showed that the administration of lidocaine with the aerosol inhalation approach also 
reduced the sufentanil dosage for tracheal intubation. Regarding the safety of lidocaine in our patients, we did not 
observe any serious complications in the two groups.

Assessed for eligibility(n=51)

Consented for study(n=50)

Saline group(n=25)Lidocaine group(n=25) Allocation

Obtained six crossovers(n=18)
Did not receive intervention(n=7)
Discontinued intervention(n=0)

Analyzed(n=18)
Excluded from analysis(n=7) Analysis

Obtained six crossovers(n=20)
Did not receive intervention(n=4)
Discontinued intervention(n=1)

Analyzed(n=20)
Excluded from analysis(n=5)

Excluded(n=1)
Refused to participate(n=1)
Other reasons(n=0)

Figure 1 Flow diagram of the study.

Table 1 Patient Characteristics and Medications During Anesthesia Induction

Lidocaine Group  
(n=18)

Saline Group  
(n=20)

P-value

Age (years) 34.5 (31.8–41.5) 33.0 (29.0–39.5) 0.364

Gender (female/male) 16/2 17/3 1.000

Height (cm) 162.9±5.1 162.1±5.6 0.629

TBW (kg) 91.1±8.0 93.9±12.0 0.411

IBW (kg) 58.8±6.5 57.6±6.6 0.582

ABW (kg) 71.7±6.3 72.3±7.7 0.799

BMI (kg/m2) 34.2 (32.0–35.3) 34.4 (33.0–39.2) 0.413

ASA classification, n (%) 0.606

II 17 (94.4%) 17 (85.0%)

III 1 (5.6%) 3 (15.0%)

(Continued)
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TCI systems utilize the models of pharmacokinetics and pharmacodynamics to provide the optimal infusion and target 
concentration of anesthetic drugs. Studies have shown that TCI of propofol and sufentanil could be successfully used for obese 
patients.28,29 Currently, open TCI systems allow the clinicians to achieve both the plasma and the effect-site concentrations, and 

Table 2 HR and MAP Values at Different Time Points for the Two Groups

Index Lidocaine Group  
(n=18)

Saline Group  
(n=20)

P-value

HR (beats/min)

Baseline 79.1±10.9 79.8±11.1

1 minutes after intubation 93.1±16.2 94.2±14.2

2 minutes after intubation 89.5±14.7 90.1±13.7

3 minutes after intubation 86.9±13.5 85.8±13.4

Group & time effect 0.84

Group effect 0.93

MAP (mmHg)

Baseline 104.5±15.2 98.3±12.2

1 minutes after intubation 97.0±21.2 98.1±21.8

2 minutes after intubation 86.9±13.5 93.5±21.2

3 minutes after intubation 84.3±14.0 84.8±17.6

Group & time effect 0.08

Group effect 0.92

Notes: The baseline values of HR and MAP were the average values measured in three 
readings of HR and MAP before the start of the study. Data are presented as mean ± SD. 
Group & time effect represents the effect of the time factor (within-subjects factor) on the 
grouping factor (between-subjects factor), and Group effect represents the comparison 
between groups (lidocaine group vs saline group). 
Abbreviations: HR, heart rate; MAP, mean arterial pressure.

Table 1 (Continued). 

Lidocaine Group  
(n=18)

Saline Group  
(n=20)

P-value

Obesity classification, n (%) 0.631
I 13 (72.2%) 11 (55.0%)

II 4 (22.2%) 6 (30.0%)

III 1 (5.6%) 3 (15.0%)

Propofol dosage (mg) 240.0 (217.5–262.5) 260.0 (230.0–280.0) 0.187

Sufentanil dosage (μg) 20.0 (17.8–23.0) 25.0 (25.0–28.8) < 0.001

Rocuronium dosage (mg) 50.0 (48.0–54.8) 50.0 (47.0–55.0) 0.941

Notes: Data are presented as mean ± SD, median (25th to 75th percentiles), or number (percentage of 
patients). 
Abbreviations: TBW, total body weight; IBW, ideal body weight; ABW, adjusted body weight; BMI, body 
mass index; ASA, American Society of Anesthesiologists.
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the propofol effect-site concentration correlates better with patient response than plasma concentration.30 Echevarría et al31 and 
Bidgoli et al21 targeted the desired effect-site concentration during TCI of propofol or sufentanil in their patients. In line with the 
previous studies, we used the effect-site concentration models of propofol and sufentanil to minimize equilibration time between 
the plasma and effect-site concentrations and to maintain a stable drug concentration.

Lidocaine is an amide-type local anesthetic. Studies have suggested that intravenous lidocaine administration could decrease 
the catecholamines induced by tracheal intubation.9,32 The potential mechanisms of lidocaine to reduce stress response and 
maintain hemodynamic stability during tracheal intubation include the inhibition of mediator release, interruption of reflex arcs, 
suppression of burst discharge activity from neurons within the central nervous system, and the effect on synaptic 
transmissions.33,34 Moreover, intravenous injection of lidocaine before tracheal intubation maximized this advantage.35 Based 
on these, 1.5 mg/kg lidocaine was intravenously infused at 3 minutes before endotracheal intubation in our study. The body 

Figure 2 Individual response to the allocated sufentanil effect-site concentration in the lidocaine group (A) and the saline group (B). Positive (closed circle) or negative 
(open circle) hemodynamic responses to tracheal intubation were assessed using an up-and-down sequential allocation method from consecutive patients with 
a predetermined concentration of sufentanil. To get six crossovers, 18 and 20 patients were included in the lidocaine and saline groups, respectively.

Table 3 EC50 of Sufentanil and Its 95% CI for the Two Groups

Lidocaine Group Saline Group P-value

EC50 (ng/mL) 0.36 0.50 < 0.001

95% CI (ng/mL) 0.31–0.41 0.43–0.62

Abbreviations: EC50, median effective concentration; CI, confidence intervals.
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composition of obese patients is different from that of normal-weight patients, and ABW reflects the modified pharmacokinetic 
profile of lidocaine in this population.36 Previous report suggested that the serum lidocaine concentration did not exceed the toxic 
concentration (5 µg/mL) when an i.v bolus of 1.5 mg/kg lidocaine followed by a continuous infusion of 2 mg/kg/h was 
administered during bariatric surgery.36 Therefore, a single intravenous injection of 1.5 mg/kg lidocaine in obese patients is safe. 
In addition, we administered rocuronium at the IBW-adjusted dose and propofol at the ABW-adjusted dose.37,38 We applied the 
Gepts pharmacokinetics model for TCI of sufentanil, and this model does not include body weight as a significant covariate. It 
has been shown that the Gepts pharmacokinetic parameter could be used for accurate prediction of plasma sufentanil 
concentration in obese patients.29 Taken together, the anesthesia scheme we used in the obese patients undergoing bariatric 
surgery is safe and feasible.

In this study, we employed intravenous target-controlled infusion of propofol to achieve a stable effect-site concentration, 
thus maintaining the anesthesia depth within a CSI range of 40–60.39,40 Additionally, rocuronium, dosed at 0.9 mg/kg and 
adjusted for ideal body weight, was used to ensure sufficient muscle relaxation for intubation.37,41 The intubation procedure was 
carried out when the TOF counts reached zero, an approach has been reported to significantly attenuate hemodynamic 
responses.42 All these above mentioned strategies were combined to achieve the optimal conditions for intubation, ensuring 
that the MAP and HR remain unaffected by inadequate anesthesia depth or muscle relaxation during the intubation procedure.

This study has several limitations. First, we did not compare the EC50 of sufentanil between normal-weight and obese 
patients, with or without intravenous lidocaine, to inhibit the responses to intubation. Second, we did not measure the 
plasma levels of catecholamines during tracheal intubation. Last, this trial included more female patients undergoing 
bariatric surgery, so our results should be tested on male patients in future studies.

Conclusion
In conclusion, intravenous lidocaine injection at a dose of 1.5 mg/kg significantly reduced the EC50 of sufentanil for 
tracheal intubation in obese patients undergoing bariatric surgery.

Data Sharing Statement
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