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Background: This study aimed to determine the 95% effective concentration (EC95) of propofol via target-controlled infusion (TCI) 
for endotracheal intubation at three different doses of dexmedetomidine.
Methods: One hundred and eighty patients aged 18–60 and classified as American Society of Anesthesiologists (ASA) class I–II were 
enrolled to undergo general anesthesia. Patients were randomly assigned to one of the three groups (A, B, or C), receiving three 
different doses of dexmedetomidine (0.6, 0.8, or 1 μg/kg) infused over 10 min. Anesthesia was then induced with propofol TCI, 
followed by rocuronium. The biased coin design method was used to calculate the EC95 of propofol for successful intubation. The 
primary outcome endpoint was the EC95 of propofol for successful endotracheal intubation at each dexmedetomidine dose.
Results: Sixty patients in each group completed the trial. The time from propofol administration to intubation in group C (132.5 ± 
10.7 s) was significantly shorter compared to group A (140.2 ± 14.4 s, P<0.0001) and group B (142.6 ± 13.2 s, P=0.0037). Both the 
EC95 and the average total dose of propofol in group B [14.6 (10.8, 14.8) μg/mL and 3.6 ± 1.1 mg/kg] and C [12.7 (11.5, 12.8) μg/mL 
and 2.8 ± 1.0 mg/kg] were lower than those in group A [14.9 (4.5, 15.0) μg/mL and 3.8 ± 0.9 mg/kg] (P<0.001). The incidence of 
hypotension and bradycardia during induction was low in each group.
Conclusion: The EC95 of propofol for endotracheal intubation across three different background doses of dexmedetomidine was 
determined. We suggest administering 1.0 μg/kg dexmedetomidine and then the EC95 of propofol for successful endotracheal 
intubation was 12.7 μg/mL.
Registration: Chinese Clinical Trial Registry; Registration number: ChiCTR2400089952, URL:https://www.chictr.org.cn/showproj. 
html?proj=221236.
Keywords: effective concentration, propofol, dexmedetomidine, opioid-free anesthesia, endotracheal intubation

Introduction
Opioids have long been used for managing stress responses during surgery and for postoperative pain management,1 

effectively alleviating nociceptive somatic, visceral, and neuropathic pain. However, during the perioperative period, 
opioids can trigger respiratory depression, nausea and vomiting, hyperalgesia, pruritus, constipation, urinary retention, 
and other side effects, which increase patient discomfort, prolonging hospital stay.2 Recently, opioid reduction or 
avoidance in the perioperative period has gained much interest, with accompanying concepts like opioid-free and opioid- 
sparing anesthesia (OFA and OSA) being frequently discussed or studied.3–5 The OFA regimen is an innovative approach 
to pain management that prioritizes patient safety, reduces the opioid-related risks, and seeks to improve recovery 
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outcomes, which have also become integral to the enhanced recovery after surgery (ERAS) regimen.6 Several meta- 
analyses have shown that OFA reduced postoperative nausea and vomiting (PONV) and other complications during the 
recovery period compared to opioid-based anesthesia.4,7,8

How to effectively use and combine non-opioids substitutes are the challenges for OFA implementation. Non-opioids 
mainly include dexmedetomidine, ketamine, magnesium sulfate, nonsteroidal anti-inflammatory drugs, lidocaine, etc.9,10 

Different combinations of non-opioid medications have been used for intraoperative anesthesia and postoperative 
analgesia.10 However, inducing general anesthesia presents unique challenges for OFA. Undesirable hemodynamic 
fluctuations (tachycardia, hypertension, and arrhythmia) induced by laryngoscopy placement and endotracheal intubation 
pose a risk to patients.11,12 Traditionally, endotracheal intubation was generally accomplished using sedatives combined 
with opioids (such as fentanyl, remifentanil, etc.) and muscle relaxants. To avoid opioid use during this period, non- 
opioid agents have been used in different OFA protocols, including dexmedetomidine, ketamine, lidocaine, and esmolol 
combined with propofol and muscle relaxants. In some protocols, only sedatives were used. However, the most 
frequently used combination of OFA induction is dexmedetomidine infusion, with a loading dose of 0.5–1 μg/kg over 
10 min, followed by propofol (1–3.5 mg/kg) and a neuromuscular block agent.3 Despite the widespread use of 
dexmedetomidine and propofol for OFA induction, no studies have systematically investigated or reported the optimal 
combination doses of these two agents for endotracheal intubation. Additionally, target-controlled infusion (TCI) of 
propofol has been mostly used in clinical practice for many years, providing stable hemodynamics during induction.13 

Therefore, performing an OFA induction with propofol TCI following a background dexmedetomidine infusion seems 
a reasonable approach. To facilitate the implementation of OFA, it is meaningful to determine the 95% effective 
concentration (EC95) of propofol via TCI during intubation with dexmedetomidine.

The hypothesis of present study is to determine the EC95 of propofol via TCI to prevent hemodynamic changes during 
endotracheal intubation at three different dexmedetomidine doses (0.6, 0.8, and 1.0 μg/kg), to identify the optimal 
combination dose of these two agents for OFA induction. The other collecting outcomes included the hemodynamics and 
adverse events during induction and intubation.

Methods
Ethical approval for this study (Approval No.: B2023-096R) was provided by the Ethical Committee Zhongshan Hospital 
(Xiamen branch) Fudan University on 18 February 2024. This study was conducted according to the principles of the 
Declaration of Helsinki, and written informed consent was obtained from all patients before enrollment. The trial was 
registered prior to patient enrollment at the Chinese Clinical Trial Registry (www.chictr.org.cn) (ChiCTR2400089952). 
The study was conducted at Zhongshan Hospital (Xiamen) of Fudan University from October to November 2024. We 
followed the Consolidated Standards of Reporting Trials (CONSORT) reporting guidelines.

Participants
This prospective, single-center study included patients scheduled for elective surgery, who had an American Society of 
Anesthesiologists (ASA) I or II physical status and were aged 18–60 years. Exclusion criteria included a history of difficulty 
with tracheal intubation, allergy to any study medication, inability to understand the trial procedures, or currently receiving 
sedative or opioid therapy. Patients were also excluded if they withdrew informed consent, experienced difficulty in 
completing treatment due to adverse events, or encountered unexpected difficulties with tracheal intubation.

Randomization and Blinding
The enrolled patients were assigned sequentially through a double-blind randomization system in a 1:1:1 ratio, utilizing 
random number generation software and a block randomization design (block size of 3), to receive one of the three doses 
of dexmedetomidine (0.6, 0.8, or 1 μg/kg). The allocation sequence was concealed from all members of the study team 
until the databases were finalized and secured. The anesthesiologist, surgeon, and nurses in the procedure and recovery 
rooms were blinded to group assignments. Group assignment was obscured behind opaque, sequentially numbered 
envelopes. Only one research investigator (C.P.) had access to the randomization code for producing study medicines and 
in case of an emergency during the procedure.
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Study Procedures and Interventions
No premedication was administered before induction. After the patient enters the operating room, standard patient 
monitoring devices to obtain electrocardiograms, non-invasive blood pressure, peripheral pulse oximetry, and bispectral 
index (BIS) (Covidien) values were applied. The dose of dexmedetomidine, based on the enrollment group A, B, or C, 
was calculated, and then the respective dexmedetomidine of each group was infused over 10 min.

Anesthesia and Biased Coin Design Method
Subsequently, anesthesia induction was initiated using propofol administered via a TCI pump (BRAUN SPACE) with the 
Schneider pharmacokinetic model. The initial effect site concentration of propofol was set at 3 μg/mL. Rocuronium 
0.6 mg/kg was administered after the patient lost consciousness, and endotracheal intubation was performed after the 
plasma concentration of propofol equaled the effect site concentration.

The biased coin design (BCD) method was employed to ascertain the appropriate dose level of propofol at the 95th quantile 
(Γ = 0.95) for various doses of dexmedetomidine in individuals. Here, Γ represents the magnitude of the drug effect, as defined by 
the study’s objectives. Given that EC95 is the objective, Γ = 0.95 was designated to elicit a response in 100 × Γ = 95% of the target 
population.14 The selection of K-sequential dose levels was predicated on: 1) our clinical experience and 2) our assumption that 
the dose–response relationship for the anticipated impact is steep with a high slope value. The dosing intervals were selected 
according to the guidelines of Dixon and Massey, which recommend intervals between 0.5 and 2 times the expected standard 
deviation (SD).15 Given the anticipated steep slope of the dose–response relationship of propofol in the planned trial, we 
employed a dosing interval equivalent to the estimated SD, allowing the dose for subsequent patients to be determined by the 
response of the previous patient. If a positive response was noted in the preceding patient, the subsequent patient in the same 
designated group was administered the next higher dose of propofol in a preset increment from the prior dose. Upon observing 
a favorable response, the subsequent patient in the same cohort was randomly administered either the same dose with a 95% 
probability (P=0.95) or a reduced dose with a decrement from the prior dose at P=0.05. In this study, positive responses were 
defined as an increase in either maximum mean arterial pressure (MAPmax) or maximum heart rate (HRmax) by ≥20% from 
baseline, measured from the beginning of tracheal intubation and within 2 min post-intubation. Negative responses (successful 
endotracheal intubation) were defined as a change in MAPmax or HRmax during intubation of <20% from baseline during 
intubation. The inability to achieve sedation with the target dose of propofol was regarded as a positive response, prompting 
additional propofol administration to enhance anesthesia, after which the patient was removed from the trial.

The primary outcome endpoint was the EC95 of propofol required for successful endotracheal intubation at each 
dexmedetomidine dose. The second outcome endpoints are the HR, MAP, SpO2, and BIS values at the following time 
points: before administering dexmedetomidine (T0), before anesthesia induction (T1), before tracheal intubation (T2), during 
tracheal intubation (T3), after tracheal intubation (T4), and 3 min after tracheal intubation (T5). Hypotension (MAP < 60 mm 
Hg) was treated with 10 mg IV ephedrine, and bradycardia (heart rate <45 bpm) was treated with 0.5–1 mg IV atropine.

Statistical Analysis
Sample Size Estimation
In BCD studies, it is not possible to calculate the sample size in advance due to the dependence of dose allocation on 
prior responses and the unknown distribution of outcomes (ie, the next patient’s dose depends on the previous patient’s 
tracheal intubation response). Among approximately 20 subjects, the parameter estimates of all target doses reached 
equilibrium and tended to stabilize or almost stabilize in 40 subjects.16 To ensure the smooth completion of the 
experiment, 60 patients were initially included in each group.

Statistics and Analysis
The normality of the distribution was tested using the Shapiro–Wilk test. A descriptive analysis of the sociodemographic 
variables was performed. Data is presented as mean (standard deviation) when the variables were quantitative and 
presented normal distribution; otherwise, data is presented as median (interquartile range). For the nominal variables, 
frequencies were obtained and are presented in counts (percentages). Data analysis was performed using R version 2.4.1, 
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and EC95 was calculated using isotonic regression. Pace and Stylianou described the use of the pool adjacent violators 
algorithm (PAVA) for monotonic regression by collecting adjacent increasing and decreasing pairs and recalculating the 
response rate. The 95% confidence interval (CI) of EC95 was calculated using the derived bias-corrected percentile 
method, with a resampling size of 45, a repetition rate of 2000, and a target gamma of 0.95. For normally distributed 
data, results are presented as mean ± SD, and an independent sample t-test is used to compare the two groups. If the 
normality requirement is not met, results are presented as median (M) and interquartile range (IQR), with comparisons 
between the two groups performed using the non-parametric two-independent sample Mann–Whitney U-test. Two-factor 
analysis of variance (ANOVA) was used for repeated measures data, and the Bonferroni method was used for post-hoc 
intergroup comparisons. Count data are expressed as absolute numbers (percentages), and intergroup comparisons are 
performed using a four-grid table chi-square test. If the four-grid table chi-square test condition is not met, Fisher’s exact 
probability method is used for comparison. A P-value of <0.05 is considered statistically significant.

Results
One hundred and eighty patients scheduled for various surgeries were finally enrolled. Of these, three declined to 
participate in the trial, and two did not meet the inclusion criteria. Ultimately, 60 patients were assigned to each group. 
All patients completed the trial, as illustrated in the CONSORT flow diagram (Figure 1).

Table 1 presents the baseline demographic and intraoperative characteristics. No statistically significant differences 
were observed between the three groups for the demographic characteristics, including age, gender, body mass index 
(BMI), ASA classification, and surgery type. However, the time from propofol administration to intubation in group 
C (132.5 ± 10.7 s) was significantly shorter compared to group A (140.2 ± 14.4 s, P<0.0001) and group B (142.6 ± 13.2 
s, P=0.0037).

Figure 1 Flowchart of the study.
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The positive or negative responses for each participant at the designated dexmedetomidine dosage are depicted in 
a conventional graphical representation, with participant sequence on the x-axis and each allocated dosage on the y-axis, 
respectively (Figure 2A–C). Table 2 shows the observed and PAVA-adjusted response rates with propofol (using 
the isotonic regression method).

No significant differences in HR (Figure 3A), MAP (Figure 3B), and BIS (Figure 3C) values were observed at T0, T1, 
T2, T3, T4, and T5 in the three groups. As shown in Table 3, the EC95 and average total dose of propofol in group A were 
14.9 (4.5, 15.0) μg/mL and 3.8 ± 0.9 mg/kg, respectively. The EC95 and average total dose of propofol in group B were 
14.6 (10.8, 14.8) μg/mL and 3.6 ± 1.1 mg/kg, respectively. The EC95 and average total dose of propofol in group C were 
12.7 (11.5, 12.8) μg/mL and 2.8 ± 1.0 mg/kg, respectively. Both the EC95 and average total dose of propofol in groups 
B and C were significantly lower compared to group A (P<0.001). By quantifying the EC95 of propofol across different 
doses of dexmedetomidine, these results provide precise, evidence-based guidance for anesthesiologists looking to 
implement opioid-free induction and intubation.

Table 1 Patient Characteristics

Groups

A(n=60) B (n=60) C (n=60)

Sex(F) 38(63.3) 36(60.0) 42(70.0)

Age(yr) 53.3±9.1 49.7±10.7 48.4±12.9
Weight (kg) 65.2±10.4 62.9±8.9 62.5±12.5

Height (m) 1.63±0.07 1.63±0.07 1.63±0.09

BMI(kg/m2) 24.4±3.1 23.7±2.4 23.5±3.5
ASA

I 41(68.3) 43(71.7) 37(61.7)

II 19(31.7) 17(28.3) 23(38.3)
Time from propofol 

administration 

to intubation (s)

140.2±14.4* 142.6±13.2# 132.5±10.7

Type of surgery

Abdominal 12 10 15

Breast 18 21 18
Urological 11 13 9

Gynecological 19 16 18

Notes: mean (SD), median (interquartile range), or n (%), as appropriate, 
*P=0.0037 vs Group C; #P <0.0001 vs Group C; Group A, dexmedetomidine 
0.6μg/kg; Group B, dexmedetomidine 0.8μg/kg; Group C, dexmedetomidine 
1.0μg/kg.

Figure 2 (A-C) The positive or negative reaction for each participant at the designated dosage of dexmedetomidine, with the participant sequence on the x-axis and each 
allocated dosage on the y-axis, respectively.
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Table 2 Observed and Pool-Adjacent-Violators Algorithm (PAVA)-Adjusted 
Response Rates with Propofol (Isotonic Regression Method)

Assigned 
Dose

Number 
Success

Number 
Tested

Observed 
Response Rate

PAVA Adjusted 
Response Rate

Group A

3 0 1 0.00 0.00
4.5 0 1 0.00 0.00

6 1 2 0.50 0.33

7.5 1 2 0.50 0.33
9 0 1 0.00 0.33

10.5 1 2 0.50 0.42
12 1 2 0.50 0.50

13.5 4 8 0.50 0.56

15 40 41 0.98 0.98
Group B

3 0 1 0.00 0.00

4 2 3 0.67 0.33
5 0 1 0.00 0.33

6 0 1 0.00 0.33

7 0 1 0.00 0.33
8 5 6 0.83 0.67

9 1 2 0.50 0.67

10 0 1 0.00 0.67
11 3 4 0.75 0.75

12 3 4 0.75 0.75

13 10 11 0.90 0.88
14 12 14 0.85 0.88

15 11 11 1.00 1.00

Group C
3 0 1 0.00 0.00

3.5 0 1 0.00 0.00

4 0 1 0.00 0.00

4.5 0 1 0.00 0.00

5 1 2 0.50 0.43

5.5 1 2 0.50 0.43
6 1 2 0.50 0.43

6.5 0 1 0.00 0.43

7 2 3 0.67 0.50
7.5 1 2 0.50 0.50

8 0 1 0.00 0.50

8.5 5 6 0.83 0.68
9 1 2 0.50 0.68

9.5 3 4 0.75 0.68

10 2 3 0.67 0.68
10.5 2 3 0.67 0.68

11 1 2 0.50 0.68

11.5 1 2 0.50 0.68
12 9 11 0.82 0.81

12.5 8 9 0.89 0.81

13 1 1 1.00 1.00

Notes: Group A, dexmedetomidine 0.6μg/kg; Group B, dexmedetomidine 0.8μg/kg; Group C, dexmedeto-
midine 1.0μg/kg.
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Table S1 presents the number of cases with hypertension, hypotension, tachycardia, and bradycardia during the 
procedure. No cases of bradycardia occurred in Group A, while three cases were reported in Group B and one case in 
Group C during the investigation period. Hypotension occurred in four cases each in Groups A and B and in two cases in 
Group C. However, the differences in these side effects between the groups were not statistically significant.

Discussion
Dexmedetomidine and propofol are the most commonly used combination for OFA induction; however, no consensus on 
the effective combination of these two agents for endotracheal intubation has been established, especially when propofol 
is administered via TCI. This study calculated EC95 of propofol via TCI for endotracheal intubation at three different pre- 
administered doses of dexmedetomidine, providing valuable guidance for OFA implementation.

Dexmedetomidine, an α2 agonist, plays a significant role as a non-opioid agent in OFA. This non-opioid agent acts at 
both supraspinal and spinal levels, modulating the transmission of nociceptive signals in the central nervous system. 
Dexmedetomidine also reduces HR, systemic vascular resistance, postoperative pain, and the incidence of PONV due to 
its opioid-sparing properties.17,18 Additionally, it enhances hemodynamic stability and reduces anesthetic consumption.19 

This makes dexmedetomidine the most used non-opioid for OFA induction, although the use of other opioid substitutes, 
such as ketamine and esmolol, has also been reported. Some studies have even achieved OFA without any opioid 
substitute.3 However, these previous studies involving dexmedetomidine for OFA induction have not clearly defined or 
described the successful induction, intubation, and hemodynamic variables during the induction period. In this study, 
successful intubation or negative response was defined as an increment in MAPmax and HRmax during intubation of less 
than 20% from baseline, a common and practical criterion for intubation, as used in a similar study.20

Theoretically, without opioids, anesthesia induction may require relatively large doses of sedatives to suppress 
cardiovascular responses during tracheal intubation. In a scenario when anesthesia induction and intubation is performed 
using propofol 3 μg/mL (effect-site concentration) via TCI, co-administered along with remifentanil 0.3 μg · kg−1 · min−1 

and rocuronium 0.6 mg/kg, and the propofol (up to 5 μg/mL) was adjusted to BIS values between 40 and 60, however, 

Figure 3 The HR (A), MAP (B), and BIS (C) values at T0, T1, T2, T3, T4, and T5 in three groups. T0: before administering dexmedetomidine, T1: before anesthesia induction, 
T2: before tracheal intubation, T3: during tracheal intubation, T4: after tracheal intubation, T5: 3 minutes after tracheal intubation. No significant differences (P>0.05) in HR, 
MAP and BIS values were observed at these time points in the three groups.

Table 3 EC95 of Propofol for Smooth Intubation in Different 
Dexmedetomidine Groups Calculated Using Biased Coin Design Method

Groups EC95 (95% CI) of Propofol (μg/mL) Propofol Dose (mg/kg)

A 14.9 (4.5, 15.0)* 3.8±0.9*

B 14.6 (10.8, 14.8)# 3.6±1.1#

C 12.7 (11.5, 12.8) 2.8±1.0

Notes: *P<0.001 vs Dexmedetomidine 1μg/kg; #P<0.001 vs Dexmedetomidine 1μg/kg, P<0.017 
is considered significant according to the Bonferroni correction factor; Group A, dexmedetomi-
dine 0.6μg/kg; Group B, dexmedetomidine 0.8μg/kg; Group C, dexmedetomidine 1.0μg/kg. 
Abbreviations: EC95, effective concentration in 95% of patients; CI, confidence interval.
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55% patients experience hypotension (MAP < 65 mmHg within 2.5 min).21 Furthermore, when an effect site concentra-
tion of 4 µg/mL propofol and rocuronium of 0.6 mg/kg was used for induction, the EC50 of remifentanil for blunting the 
hemodynamic response to tracheal intubation was 2.94 ng/mL.22 Even without muscle relaxants, an effect site concen-
tration of 4 µg/mL propofol combined with remifentanil target concentrations of 4 or 6 ng/mL can provide good or 
excellent conditions for tracheal intubation and prevent cardiovascular and BIS response during induction.23 However, in 
the present study, when propofol was combined with the recommended maximum dose (1 µg/kg) of dexmedetomidine, 
the EC95 of propofol for preventing cardiovascular and BIS response for tracheal intubation was >10 µg/mL. Despite this 
being a dose-finding study, less than 10% of patients in each group experienced hypotension during the investigation 
period. These findings, along with previous reports, suggest that while opioids during induction significantly reduce 
sedative requirements, they also exert stronger cardiovascular suppression compared to dexmedetomidine. In contrast, 
the combination of dexmedetomidine and propofol for induction and intubation not only eliminates the need for opioids 
in this period but also provides better hemodynamic stability compared to an opioid-propofol combination.

Another concern of the dexmedetomidine administration is bradycardia. In a multicenter prospective study, the use of 
balanced OFA with intraoperative continuous dexmedetomidine infusion at rates of 0.4 to 1.4 μg · kg−1 · h−1 was 
associated with a higher incidence of bradycardia compared to balanced anesthesia with intraoperative continuous 
remifentanil.24 Additionally, during gastrointestinal endoscopy procedures like endoscopic retrograde cholangiopancrea-
tography (ERCP), a single loading dose of dexmedetomidine combined with propofol was found to reduce propofol 
consumption, minimize the need for artificial airway intervention, and provide better hemodynamic stability. Importantly, 
practitioners did not infuse the dexmedetomidine continuously during ERCP since it is associated with hypotension and 
bradycardia.25–27 Previous OFA studies typically used dexmedetomidine doses ranging from 0.5 to 1.0 μg/kg, infused 
over 10 min before propofol administration.3 In our study, we selected three doses of dexmedetomidine infuses over 
10 min before propofol TCI. Only two cases in the 0.8 μg/kg dexmedetomidine group and one case in the 1.0 μg/kg 
dexmedetomidine group experienced bradycardia (<45 bpm), while no cases of bradycardia occurred in the 0.6 μg/kg 
dexmedetomidine group. Therefore, the bolus administration of dexmedetomidine at these doses, in combination with 
propofol TCI, is considered relatively safe and feasible.

The use of regional analgesia, when possible, is one of the main approaches in OFA and multimodal anesthesia. Since 
continuous dexmedetomidine infusion is not recommended due to its side effects, OFA induction may be particularly suited 
for patients undergoing effective regional blockade. With efficient regional anesthesia, such as epidural analgesia for 
abdominal and thoracic surgeries or paravertebral block for breast surgeries, an effective nociceptive blockade can be 
achieved, reducing or eliminating the need for opioids.10 Following OFA induction, anesthesia can be maintained using only 
propofol or inhalational agents with combined non-steroid anti-inflammatory drugs, without the need for opioid substitutes.

Our study had some limitations. First, we only investigated the combination of dexmedetomidine and propofol during the 
induction period and did not evaluate the patient’s emergency condition since it was not the primary purpose of this study. 
Future studies should evaluate the effects of different intraoperative OFA regimens on extubation or postoperative emergency. 
Second, this study only evaluated the combination of dexmedetomidine and propofol, although ketamine and esmolol have 
also been used in previous studies.28,29 Further research is needed to determine whether ketamine or esmolol combined with 
dexmedetomidine and propofol could enhance induction and intubation. Third, our study focused on ASA I–II patients, its 
applicability to ASA III–IV patients is not sufficiently addressed. Lastly, the dose of 1 µg/kg of dexmedetomidine is possibly 
acceptable in ASA I-II patients with no cardiovascular morbidity but may lead to an unacceptable rate of hypotension and 
bradycardia in more severely diseased patients. The conclusion of the present study is therefore limited to fit patients.

Conclusion
In conclusion, our trial is the first reported study to systemically explore the dose combination of dexmedetomidine and 
propofol via TCI for OFA induction. We determined the EC95 of propofol for endotracheal intubation across three 
different background doses of dexmedetomidine. Considering both induction time and patient safety, we suggest 
administering 1.0 μg/kg dexmedetomidine and then the EC95 of propofol for successful endotracheal intubation was 
12.7 μg/mL. These findings provide useful guidance for real-world dosing and patient management undergoing opioid- 
free anesthesia.
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