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Background: Lidocaine was reported to stabilize the hemodynamic status and reduce the incidence of postinduction hypotension in 
elderly patients. However, the optimal dose of lidocaine as an adjuvant to propofol-remifentanil during endotracheal intubation in 
elderly female patients remains uncertain. In this study, we aimed to determine the optimal dose of lidocaine as an adjuvant for 
propofol-remifentanil in elderly female patients.
Methods: Two hundred and forty patients were randomly assigned to one of three groups in a ratio of 1:1:1, each receiving a different 
dosage of lidocaine: 0.5 mg/kg, 1.0 mg/kg, or 1.5 mg/kg, with propofol-remifentanil for endotracheal intubation. Patients’ hemody
namic parameters were continuously monitored 10 minutes after the induction of anesthesia. Hypotension, defined as a mean arterial 
pressure <70% of the baseline value and/or <65 mm Hg, and treated with norepinephrine 4 μg, repeated as necessary. Norepinephrine 
consumption (primary outcome), mean arterial pressure, heart rate, and propofol consumption were recorded.
Results: The incidence of hypotension was 51.4% (37/72), 13.0% (9/69), and 13.8% (9/65) in Groups 0.5, 1.0, and 1.5, respectively. 
The median (25th and 75th quartiles) consumption of norepinephrine was 4 (0–4) μg, 0 (0–0) μg, and 0 (0–0) μg across the groups, 
respectively; there was a significant difference among the groups (p = 0.0006). The incidence of hypertension was 15.7% (11/72), 
5.8% (4/69), and 6.2% (4/65) across the groups, respectively.
Conclusion: In summary, under the conditions of this study, we propose that 1.0 mg/kg lidocaine may be considered as an optimal 
dose when used as an adjuvant to propofol-remifentanil for endotracheal intubation.
Clinical Trial Registration: Chinese Clinical Trial Registry number: ChiCTR2400092990 https://www.chictr.org.cn/bin/project/ 
edit?pid=231367.
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Introduction
Intraoperative hypotension is a common and detrimental complication that may increase the risk of postoperative 
complications and mortality due to reduced organ perfusion.1–3 Approximately one-third of all hypotensive episodes 
occurring during surgery can be attributed to post-induction hypotension.4 At present, elderly adults represent an 
increasingly significant proportion of the surgical population and are at higher risk for perioperative complications, 
particularly hypotension.5
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Propofol, a sedative-hypnotic agent widely used as one of the most common intravenous anesthetics for inducing and 
maintaining general anesthesia, is favored for its rapid onset of action and smooth recovery profile. However, it may be 
associated with adverse effects such as bradycardia, injection-site discomfort, and hypotension, particularly in elderly 
patients.6

Lidocaine is a local anesthetic agent with various systemic applications. Studies suggested that lidocaine can exhibit 
a propofol-sparing effect in clinical sedation.7,8 In addition, lidocaine-based regimens were also reported to reduce the 
risk of post-propofol-induced hypotension in elderly patients compared to fentanyl-based regimens and to improve the 
hemodynamic status in elderly patients.9 However, the optimal dose of lidocaine as an adjuvant for propofol-remifentanil 
in elderly patients during the endotracheal intubation remains unclear. In this study, we aimed to compare the effects of 
0.5, 1.0, and 1.5 mg/kg lidocaine in combination with propofol-remifentanil on the effect of hemodynamic variations, in 
order to determine the optimal dose of lidocaine. Our hypothesis was that the effect of lidocaine on stabilizing 
hemodynamic status exhibits a dose-dependent relationship in elderly female patients during endotracheal intubation.

Methods
This randomized double-blinded study was conducted in Jiaxing University Affiliated Women and Children Hospital after 
getting the permission of the Ethics Committee in the hospital. The clinical trial was registered on the Chinese Clinical Trial 
Registry on November 27, 2024 (ChiCTR2400092990, https://www.chictr.org.cn/showproj.html?proj=231367). All patients 
included in this study were fully informed and required to provide written informed consent. We enrolled the first patient in 
this study on December 1, 2024, marking the initiation of our research protocol. This study complies with the Declaration of 
Helsinki.

Patients with American Society of Anesthesiologists (ASA) physical status I to III, aged over 60 years, with a body 
mass index (BMI) ranging from 18 to 35 kg/m², and undergoing laparoscopic gynecologic surgery under general 
anesthesia were recruited. Exclusion criteria included heart disease (eg, ejection fraction <50%, conduction block, or 
arrhythmia), metabolic equivalent <4, uncontrolled hypertension despite treatment with medications such as ACE 
inhibitors or ARBs, allergy to any study drug, and suspected difficult airway management.

Patients were randomly assigned to one of three groups in a ratio of 1:1:1, each receiving a different dosage of 
lidocaine: 0.5 mg/kg, 1.0 mg/kg, or 1.5 mg/kg in Group 0.5, Group 1.0, and Group 1.5, respectively. The randomization 
sequence was generated using computer-generated random numbers in Microsoft Excel (Microsoft, Redmond, WA, 
USA). An independent research assistant, who was not involved in the clinical care of participants, prepared the 
randomization assignments and sealed them in opaque, sequentially numbered envelopes prior to the study commence
ment. These envelopes were opened only upon the enrollment of each participant to maintain allocation concealment.

Upon arrival in the operating room, routine monitoring according to the study protocol was initiated, including 
invasive blood pressure measurement, continuous electrocardiographic monitoring, pulse oximetry, and bispectral index 
(BIS). An 18-gauge intravenous cannula was inserted into a forearm vein; however, no prehydration protocol was 
administered to the patient. The baseline data for blood pressure and heart rate were obtained by averaging three 
consecutive measurements taken at 3-minute intervals after the patient had a short rest period.

The LiDCOplus monitor (LiDCO Ltd., Cambridge, UK) was employed, and before the administration of anesthesia, 
all patients underwent an assessment for fluid responsiveness. This evaluation utilized a stroke volume variability (SVV) 
threshold of ≥13%.10 During the assessment, patients were instructed to maintain regular, calm respiration at a rate of 8 
breath/minute for one minute.11 The fluid-responsive patient was administered a fluid bolus of 8 mL/kg Ringer’s acetate 
over a 10-minute period, and this intervention was repeated until the SVV decreased to less than 13%.

Patients in Group 0.5, Group 1.0, and Group 1.5 received 0.5, 1.0 and 1.5 mg/kg lidocaine solution, respectively. The study 
solution was prepared in advance by a designated anesthesiologist (LQ. X) under sterile conditions in an identical 20 mL 
syringe. Although this anesthesiologist was aware of patient allocation, she was not involved in any other aspects of the study. 
All patients initially received a target effect-site concentration of 2 μg/mL of propofol for inducing loss of consciousness. If 
necessary, the concentration was increased incrementally 0.25 μg/mL until the desired effect (loss of verbal response, 
eyelashes reflex and BIS value <60) was achieved. Remifentanil was administered at a target effect-site concentration of 2 
ng/mL, and rocuronium at 0.6 mg/kg, immediately following the confirmation of patient loss of consciousness. Following two 
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minutes of mask ventilation, the endotracheal tube was inserted. When performing endotracheal intubation, if the heart rate or 
invasive blood pressure increased by 20% above the baseline value, an immediate intravenous bolus of propofol 30 mg was 
administered by an anesthesiologist, repeated if necessary. Patients who experienced difficult intubation, defined as requiring 
more than one attempt or exceeding a predefined time threshold as assessed by the attending anesthesia specialist, were 
excluded from the final analysis. The patient’s ventilation mode was configured with a tidal volume of 8 mL/kg and 
a respiratory rate of 12 breaths/minute. The end-tidal partial pressure of carbon dioxide (EtCO2) was maintained at 40 mm 
Hg through adjustments to the tidal volume and respiratory rate as needed.

After the induction of anesthesia, mean arterial pressure (MAP) and heart rate were monitored and recorded at 
1-minute intervals. Any episode of hypotension, defined as a mean arterial pressure <70% of the baseline value and/or 
<65 mm Hg, was treated with an initial dose of 4 μg of norepinephrine, which could be repeated if hypotension persisted 
for more than 2 minutes. Severe post-induction hypotension, defined as a mean arterial pressure of 60 mm Hg, was 
managed with an initial dose of 6 μg of norepinephrine. If the severe hypotension persisted for 1 minute, the same dose 
was repeated. Bradycardia, defined as an HR <45 beats/minute, was managed by administering a 0.5 mg intravenous 
bolus of atropine. During the surgical procedure, fluid maintenance was managed through the administration of Ringer’s 
lactate solution, infused at a rate of 2 mL/kg/h. Ten minutes after general anesthesia induction, the hemodynamic and 
anesthetic management was managed based on the attending anesthetists’ clinical discretion.

When designing the study, we hypothesized that a higher dose of lidocaine might be more effective than a lower dose 
in stabilizing patients’ hemodynamic status, potentially leading to a reduced incidence of postinduction hypotension. 
Because the protocol allows anesthesiologists to treat hypotension with norepinephrine actively, we considered that 
a difference in norepinephrine consumption was likely to be a more sensitive measure of differences between groups. 
Therefore, the primary outcome was set to be the dose requirement of norepinephrine. Secondary outcomes were as 
follows: the incidence of hypotension following induction, the number of hypotensive episodes, the frequency of severe 
hypotension post-induction, hypertension (defined as MAP >120% of the baseline value), bradycardia, and tachycardia 
(defined as HR >120% of the baseline value) were continuously monitored during the period from anesthesia induction to 
10 minutes post-induction.

Statistical Analysis
The sample size was calculated via PASS Software version 15.0 (NCSS, Kaysville, UT, USA). In a pilot investigation 
involving 10 patients, the mean norepinephrine dosage administered to individuals who received a combination of 
0.5 mg/kg lidocaine and propofol-remifentanil for anesthesia induction was 6 ± 5 μg. To detect a 3 μg difference in the 
norepinephrine requirement between groups with a significance level (α) of 0.05 and a power of 90%, at least 60 patients 
are required. To account for potential dropouts, we increased the sample size to 80 participants in each group.

The Kolmogorov–Smirnov test was employed to identify the normality of distribution for continuous variables. Data 
that followed a normal distribution were expressed as mean (SD) and analyzed using one-way analysis, and pairwise 
comparisons were conducted using the post-hoc Bonferroni test. In contrast, data that did not follow a normal distribution 
were represented as median (IQR) and assessed using the Kruskal–Wallis test, with the post Dunn’s test being applied to 
analyse pairwise comparisons. Categorical data, including the incidence of hypotension, were analyzed using the 
Cochran–Armitage trend test. When the overall test suggested significant differences among groups, pairwise compar
isons were performed using χ2 tests. Categorical data, such as the incidence of side effects, were analyzed using χ2 tests. 
For data measured repeatedly over time, a summary measures approach was employed for analysis. The area under the 
curve (AUC) for values plotted against time was calculated using the trapezoidal rule. P values less than 0.05 were 
considered to indicate statistical significance (two-tailed). All statistical analyses were performed using GraphPad Prism 
version 5.0 (GraphPad Software, Inc., San Diego, CA, USA).

Results
In total, 250 patients scheduled for laparoscopic gynecologic surgery under general anesthesia were recruited and 
assessed for eligibility. Among them, two patients declined to participate in the clinical trial, eight patients did not 
meet the inclusion criteria, and the remaining 240 eligible patients were enrolled in the study and randomly allocated to 
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three groups at a ratio of 1:1:1. However, 34 patients were excluded from the final analysis due to unexpected variations 
in airway conditions and incomplete data (Figure 1). The final analysis was conducted on 206 patients, whose 
characteristics are summarized in Table 1. The distribution of fluid responders (2, 3, and 2 in Groups 0.5, 1.0, and 
1.5, respectively) was similar across the groups, with all responders requiring a single bolus of fluid (Table 1). The 
consumption of propofol for induction of loss-of-consciousness and during study period in Group 1.0 and Group 1.5 
compared to Group 0.5 is presented in Table 1.

Intraoperative hemodynamic outcomes are summarized in Table 2. The incidence of hypotension was 51.4% (37/72), 
13.0% (9/69), and 13.8% (9/65) in Groups 0.5, 1.0, and 1.5, respectively. A significant trend was observed in the 
incidence of hypotension across different lidocaine doses (p = 0.0007). The median (25th and 75th quartiles) consump
tion of norepinephrine was 4 (0–4) μg, 0 (0–0) μg, and 0 (0–0) μg across the groups, respectively; there was a significant 
difference among the groups (p = 0.0006). Patients in Group 0.5 required a significantly higher dose of norepinephrine 
compared to patients in Group 1.0 and Group 1.5, with adjusted p-values of 0.0030 and 0.0028, respectively. The 
temporal variations in MAP and HR in the first 10 minutes after induction for the three groups are depicted in Figure 2. 
The analysis indicated that there was no significant difference in MBP across the groups over time (P > 0.005). There 
were 4 (5.6%) patients in Group 0.5, 4 (5.8%) patients in Group 1.0 and none in Group 1.5 experienced severe 
hypotension.

Figure 1 CONSORT diagram presenting patient recruitment and flow.
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The incidence of hypertension was 15.7% (11/72), 5.8% (4/69), and 6.2% (4/65) across the groups, respectively. 
There was no significant difference in the incidence of hypertension among the groups (p = 0.06). There were 5, 6, and 6 
patients in Groups 0.5, 1.0, and 1.5, respectively, who experienced bradycardia and required a bolus of atropine. The 
incidence of tachycardia significantly decreased with increasing lidocaine dose (p = 0.03).

Discussion
This study demonstrated that the addition of 1.0 mg/kg or 1.5 mg/kg lidocaine to a propofol-remifentanil regimen in 
elderly female patients significantly reduced the incidence of postinduction hypotension, thereby minimizing the 
requirement for norepinephrine to manage this complication compared to 0.5 mg/kg lidocaine. Moreover, the incorpora
tion of 1.0 mg/kg or 1.5 mg/kg lidocaine led to a statistically significant decrease in the amount of propofol needed 
during endotracheal intubation relative to 0.5 mg/kg lidocaine. The reactive hypertension was decreased with increased 
dose of lidocaine. No significant differences were observed in the effects of lidocaine between the doses of 1.0 and 
1.5 mg/kg. Therefore, we propose that 1.0 mg/kg lidocaine can be considered an optimal dose as an adjuvant to propofol- 
remifentanil during endotracheal intubation.

Considering that postinduction hypotension is predominantly caused by anesthetic agents4 and its incidence increases with 
advancing age,12,13 it is crucial to develop an anesthesia induction method that provides adequate sedation while preserving 
stable hemodynamics throughout endotracheal intubation and the surgical procedure, especially for elderly patients. Previous 
studies have shown that 1mg/kg lidocaine decreases the incidence of propofol-induced hypotension during anesthesia 
induction compared to 1 μg/kg fentanyl.9 Additionally, lidocaine exhibits a sparing effect on anesthetic agents without 
inducing significant hemodynamic depression.14,15 Therefore, we hypothesized that the administration of lidocaine as an 
adjuvant to propofol-remifentanil could potentially mitigate the risk of postinduction hypotension and stabilize the hemody
namic status during endotracheal intubation. However, the optimal dose of lidocaine for this purpose remains unclear, 

Table 1 Demographic Data, Baseline Hemodynamic Characteristics, and Perioperative Data

Group 0.5  
(n=72)

Group 1.0  
(n=69)

Group 1.5  
(n=65)

Age (years) 66.1 (6.2) 65.0 (5.7) 66.5 (5.4)

Height (cm) 156.5 (5.0) 157.3 (4.3) 157.2 (4.1)

Weight (kg) 59.4 (9.4) 56.9 (8.2) 60.2 (6.8)
Baseline heart rate (bpm) 72.2 (7.1) 72.1 (7.8) 72.1 (8.7)

Baseline mean artery pressure (mm Hg) 90.8 (6.1) 91.6 (6.8) 90.6 (4.1)

Preoperative fluid responder 2 (2.8) 3 (4.3) 2 (3.1)
Preoperative fluid volume in responders (mL) (n = 7) 664 (448, 880) 424 (488, 784) 588 (456, 720)

Propofol consumption for inducing loss-of-consciousness 66.0 (13.1) 68.7 (13.8) 67.3 (10.4)
Propofol consumption during study period (mg) 126.1 (13.5) 83.8 (14.1) 82.4 (10.7)

Note: Data presented as mean (standard deviation), median (25th and 75th quartiles), and frequency (%).

Table 2 Intraoperative Hemodynamic Outcomes

Group 0.5  
(n=72)

Group 1.0  
(n=69)

Group 1.5  
(n=65)

p-value

Total norepinephrine requirement, μg 4 (0, 4) 0 (0, 0) 0 (0, 0) <0.0001

Incidence of hypotension, n (%) 37 (51.4) 9 (13.0) 9 (13.8) <0.0001

No. hypotensive episodes per patient 1 (0, 1) 0 (0, 0) 0 (0, 0) <0.0001
Incidence of severe hypotension, n (%) 4 (5.6) 4 (5.8) 0 (0) 0.12

Incidence of bradycardia 5 (6.9) 6 (8.7) 5 (7.7) 0.86

Incidence of hypertension 11 (15.3) 4 (5.8) 4 (6.2) 0.06
Incidence of tachycardia 15 (20.8) 9 (13.0) 5 (7.7) 0.03

Note: Data presented as median (25th and 75th quartiles), and frequency (%).
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particularly in elderly female patients. Therefore, the primary strength of this study lies in providing valuable information to 
guide the clinical selection of an appropriate lidocaine dose in elderly female patients for this purpose.

In the present study, we observed that the incidence of hypotension during the study period was lower in patients who 
received 1.0 and 1.5 mg/kg lidocaine compared to those who received 0.5 mg/kg lidocaine. Additionally, the incidence of 
hypertension induced by tracheal intubation was significantly lower in patients administered 1.0 and 1.5 mg/kg lidocaine. 
However, no significant difference was found in the incidence of hypotension and hypertension between patients receiving 1.0 
and 1.5 mg/kg lidocaine. Our findings suggest that a dose of 1.0 and 1.5 mg/kg lidocaine may provide a more stable 
hemodynamic profile for elderly female patients; however, increasing the lidocaine dose from 1.0mg/kg to 1.5mg/kg did not 
provide additional benefit.

In this study, we found that the incidence of hypotension was 13% in patients who received 1.0 mg/kg of lidocaine, 
which was significantly higher than that reported by Amin et al, where no patients experienced postinduction 
hypotension.9 In our study, remifentanil was administered per-protocol at an effect-site concentration of 2.0 ng/mL 
following loss of consciousness, which might explain the higher incidence of hypotension compared to the infusion of 
lidocaine-propofol alone. However, in their study, the incidence of reactive hypertension following tracheal intubation 
was nearly twice as high as that observed in our study. This suggests that endotracheal intubation using pure lidocaine 
combined with propofol at the studied dose may result in inadequate anesthesia depth, thereby increasing the risk of 
clinical complications, particularly in elderly patients with fragile cardiovascular and cerebral vascular systems. 

Figure 2 The temporal variations in MAP and HR in the first 10 minutes after induction for the three groups.
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Therefore, clinical anesthesia providers should carefully weigh the advantages and disadvantages when selecting 
different induction protocols for endotracheal intubation.

It should be noted that the incorporation of 1.0 mg/kg or 1.5 mg/kg lidocaine resulted in a statistically significant reduction in 
the amount of propofol required during endotracheal intubation, according to the design protocol, when compared to 0.5 mg/kg 
lidocaine. One possible explanation for this distinction is that lidocaine exerts a direct inhibitory effect on the central nervous 
system,15 thereby potentiating the efficacy of hypnotic agents through GABA receptor activation.16,17 Our results demonstrated 
that this effect was dose-dependent. Similar to the results of other studies,9,14,18 we found that the propofol-sparing effect of 
lidocaine was not apparent during the induction phase of anesthesia but during endotracheal intubation. This suggests that this 
sparing effect is also because lidocaine exhibits an antinociceptive action.14,19

We acknowledged some limitations in this study. One limitation is that the pilot study demonstrated a higher norepinephrine 
consumption compared to the main study, likely due to a greater frequency of hypotensive episodes during the pilot phase. 
However, the inter-group difference of 4 μg in norepinephrine usage, which exceeds our assumed dose difference of 3 μg, 
suggests that the actual sample size required to achieve 90% statistical power would be smaller than 60 patients per group. 
Another limitation is that the study exclusively included elderly female patients without heart disease (eg, ejection fraction <50%, 
conduction block, or arrhythmia), metabolic equivalent >4, and under-controlled hypertension. Consequently, the general
izability of these findings to broader populations is restricted. Finally, although patients who experienced difficult intubation, 
defined as requiring more than one attempt or exceeding a predefined time threshold as assessed by the attending anesthesia 
specialist, were excluded from the final analysis, different anesthesiologists may take different amounts of time to complete 
intubation, which may slightly affect the results.

In summary, under the conditions of this study, we propose that 1.0 mg/kg lidocaine may be considered as an optimal 
dose when used as an adjuvant to propofol-remifentanil during endotracheal intubation.
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