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SUMMARY

Choking cough during awakening from anesthesia is common (15%–94%) and can cause severe discomfort 

and complications, especially in neck surgery. This study compared the median effective concentration 

(EC50) of remifentanil combined with esketamine versus remifentanil alone for suppressing cough during ex

tubation in male patients undergoing anterior cervical spine surgery. Group E received 0.25 mg/kg esket

amine intravenously 30 min before surgery ended, while group D received a placebo. We observed that 

the EC50 values were 1.88 ng/mL for group E and 2.55 ng/mL for group D. No significant differences were 

observed in intraoperative hemodynamics or extubation time. Additionally, group E had lower postoperative 

pain scores at 2 and 24 h. Findings suggest that combining esketamine with remifentanil reduces the EC50 for 

cough suppression and effectively lowers early postoperative pain, providing reference for perioperative 

safety and improvement of prognosis in patients undergoing anterior cervical surgery.

INTRODUCTION

The incidence of choking cough during awakening from general 

anesthesia ranges from 15% to 94%,1 which causes intense 

discomfort to patients and can lead to serious adverse reac

tions.2 Serious complications, such as postoperative incision he

matoma, secondary surgery, and cardiac arrest caused by post

extubation choking cough have a high incidence in neck surgery, 

making prevention of awakening choking cough in neck surgery 

particularly important.3 Numerous studies have been conducted 

so far on methods to prevent or reduce choking cough during 

awakening, such as extubation under deep anesthesia, use of al

fentanil, remifentanil, dexmedetomidine, ketamine, intrathecal 

injection of lidocaine, or intravenous lidocaine.4–8

Choking cough during extubation during general anesthesia 

for anterior approach cervical spine surgery not only causes he

modynamic fluctuation but also may cause postoperative inci

sion cracking or even postoperative hematoma, and in severe 

cases, may compress the trachea and lead to asphyxiation. 

Remifentanil can prevent or reduce choking cough during the re

covery period and reduce complications, and it has the best ef

fect in alleviating severe choking cough during extubation 

compared with other drugs.9 Remifentanil, on the other hand, 

can provide a more accurate and stable blood concentration 

through target-controlled infusion (TCI) mode for more effective 

and safe suppression of coughing.10 Esketamine, as an 

N-methyl-D-aspartic acid (NMDA) receptor antagonist, can 

reduce the cough reflex and its induced bronchoconstriction 

by inhibiting the NMDA receptor.11 Compared with other drugs, 

esketamine also reduces pain hypersensitivity caused by remi

fentanil by inhibiting NMDA receptors in order to reduce postop

erative pain and opioid consumption.12 In addition, studies have 

found that the respiratory rate and tidal volume recover faster 

and better after perioperative application of esketamine, and 

the use of opioids is reduced, thus reducing complications and 

improving the quality of rehabilitation of patients.13

Soh S et al. found gender differences in median effective con

centration (EC50) of remifentanil for choking cough suppression 

during awakening, and the EC50 value of remifentanil during thy

roidectomy extubation was significantly lower in females than in 

males (1.23 ng/mL in females and 2.43 ng/mL in males).14 Opi

oids bind better to and receptors in the brainstem and suppress 

the choking cough reflex in female patients during awakening 

from general anesthesia.15 A retrospective study found that 

men were at higher risk of infection, hematoma, and adverse car

diopulmonary events after anterior approach cervical spine sur

gery.16 Therefore, single-sex male patients were selected as 

research objects in this study. In this study, we investigated 

the effect of esketamine on the choking cough response to remi

fentanil by comparing the EC50 of remifentanil combined with es

ketamine intraoperatively with that of remifentanil alone to sup

press extubation choking cough in male patients undergoing 

anterior approach cervical spine surgery. Meanwhile, the effects 

of subanesthetic dose of esketamine on patients’ postoperative 
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acute pain and quality of recovery were investigated to provide 

reference for maintaining perioperative safety and improving 

prognosis of anterior approach cervical spine surgery patients.

RESULTS

Analysis of choking cough reaction

During the period from June 2023 to January 2024, a total of 56 

patients were recruited in two groups, in which one case of post

operative incision infection reoperation in group E, and one case 

of changing to posterior cervical spine surgery in group D were 

excluded, and finally 27 cases in each of group E and group D 

were included all of them completed the study process and sta

tistical analysis was completed. (Figure 1). The general informa

tion of the two groups was distributed in a balanced manner, and 

none of the differences were statistically significant. (Table 1).

The effector chamber concentrations of remifentanil to sup

press the choking cough response in both groups were deter

mined using the modified Dixon sequential method as shown 

in Figure 2. Twenty-seven study subjects were included in 

Figure 1. Flow diagram showing the enroll

ment of patients

each of the two groups. In group E, 13 

patients had a positive choking cough 

response during extubation, and the 

lowest remifentanil effector compart

ment concentration was 1.6 ng/mL, with 

a total of 6 negative/positive turning 

points; in group D, 15 patients had a pos

itive choking cough response during ex

tubation, and the lowest remifentanil 

effector compartment concentration 

was 2.0 ng/mL, with a total of 8 nega

tive/positive turning points, which satis

fied the sample size requirement of the 

modified Dixon sequential method sam

ple size requirements.

The probabilistic unit regression model 

for the suppression of choking cough 

response during extubation by remifen

tanil in the two groups was analyzed by 

Probit probabilistic unit regression anal

ysis as Probit(P)E = − 12.768 + 6.792 re

mifentanil concentration, Probit(P)D = 

− 17.345 + 6.792 remifentanil concentra

tion, and p > 0.05 for the goodness-of-fit 

test of the regression model, indicating 

that the whole regression model fitted 

the data well, indicating that the entire 

regression model fits the data well.

According to this regression model, 

the EC50 of remifentanil for suppressing 

the choking cough response during extu

bation in group E in this study was 1.880 

(95% confidence interval [CI] 1.782– 

1.973) ng/mL, and the EC95 was 2.122 (95% CI 2.017–2.379) 

ng/mL, and in group D, the EC50 was 2.554 (95% CI 2.458– 

2.656) ng/mL and EC95 was 2.796 (95% CI 2.685–3.071) ng/ 

mL, and the difference in EC50 between the two groups was 

0.674 (95% CI 0.223–1.989) ng/mL as estimated by the relative 

median intensity, whose 95% confidence interval did not include 

0, indicating that the difference was statistically significant. The 

volume-efficacy relationship curves of remifentanil for inhibiting 

the extubation choking cough response in the two groups were 

shown in Figure 3.

Analysis of relevant characteristics in extubation period

Repeated-measures ANOVA analysis of PaO2 and PaCO2 in 

arterial blood gas analysis of the two groups showed that overall 

there was no significant difference between the two groups in the 

perioperative period (p > 0.05), and that PaCO2 continued to rise 

in both groups from T0 to T4. At the moment of T4 PaCO2 was 

lower in group E than in group D. The difference was statistically 

significant (p < 0.05) (Figure 4). Figure 5 showed a schematic di

agram of the trend of mean arterial pressure and heart rate in the 
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two groups. According to the results of repeated-measures 

ANOVA, the trend of Mean Arterial Pressure (MAP) and Heart 

Rate (HR) changes in the two groups during the perioperative 

period was approximately the same (p > 0.05). A two-by-two 

comparison showed that MAP and HR were significantly lower 

at the moment of T1 than at other time points in both groups 

(p < 0.05), and the differences between the moments of T0, T2, 

T3, and T4 were not statistically significant.

Postoperative recovery quality and adverse reaction 

analysis

Postoperative numerical rating scale (NRS) scores were statisti

cally analyzed using generalized estimating equations. Overall it 

can be concluded that the difference in NRS scores between the 

two groups was statistically significant (p < 0.05). Comparison 

between the two groups showed that the NRS scores of the 

two groups continued to decrease from 2 h to 48 h. The NRS 

scores of group E were significantly lower than those of group 

D at 2 h and 24 h postoperatively, with a statistically significant 

difference (p < 0.05), and the NRS scores of the two groups at 

48 h postoperatively were approximately similar. Postoperative 

remedial analgesic drugs were also analyzed, and one case of 

remedial analgesic drugs was used in group E, while three cases 

were in group D. The difference in postoperative remedial anal

gesic drugs between the two groups was not statistically signif

icant (p = 0.603). (Table 2)

The differences in PetCO2 and respiratory rate at the immedi

ate moment of extubation between the two groups were statisti

cally significant (p < 0.05). In addition, only two patients in group 

D showed post-extubation respiratory depression, and there 

was no significant difference in the incidence of respiratory- 

related adverse events after extubation between the two groups. 

There was no statistically significant difference in the extubation 

choking cough score, Ramsey score, and postoperative sore 

throat (POST) score at 30 min after extubation, the amount of 

drainage in the drainage bag at 12 h, 24 h, and 48 h postopera

tively, the length of drainage tube placement, the length of post

operative hospitalization, and the occurrence of adverse events 

between the two groups. Postoperative nightmare occurred in 1 

person in group E and nausea and vomiting in 3 persons in group 

D. Postoperative patient health questionnaire 9(PHQ-9) scores 

were lower than preoperative in group E and higher than preop

erative in group D, but there was no significant difference. 

(Table 3)

DISCUSSION

In this study, we found that compared with remifentanil infusion 

alone, the combined application of esketamine significantly 

reduced the EC50 and EC95 of remifentanil in suppressing the 

choking cough response during extubation, and the difference 

of EC50 between the two groups was 0.674 (95% CI 0.223– 

1.989) ng/mL. The NRS scores in the esketamine group at 2 h 

and 24 h postoperatively were significantly lower than those in 

the control group and the difference of extubation. The differ

ences in immediate PetCO2 and respiratory rate were statisti

cally significant. There was no statistically significant difference 

in the incidence of respiratory-related adverse events, quality 

of postoperative recovery, and occurrence of adverse reactions 

between the two groups after extubation.

The cough reflex can be activated using glutamate via 

N-methyl-D-aspartic acid (NMDA) and non-NMDA receptors,17

and tracheal tubes, secretions stimulate respiratory cough re

ceptors during awakening from anesthesia, which in turn initiates 

the cough response via NMDA receptors.18,19 In this study, we 

found that the application of a subanesthetic dose of esketamine 

reduced the EC50 of remifentanil to inhibit the choking cough 

response during extubation, did not affect the extubation time, 

and had a low incidence of postoperative adverse effects. Demir 

significantly reduced the occurrence of choking cough during 

extubation by injecting 0.5 mg/kg of ketamine before the end 

of the operation, but the extubation time in the ketamine group 

was longer than that in the control group.20 Side effects of keta

mine include nightmares, hallucinations, confusion, and hyper

excitability, which were dose related.21 Esketamine was the 

pure dextro isomer of ketamine, with an affinity for NMDA recep

tors 2–3 times higher than that of ketamine, and it had a signifi

cantly shorter postanesthetic awakening time and oriented 

recovery time, fewer psychiatric side effects, and a lower inci

dence of adverse effects in the subanesthetic dosage range 

(0.15–0.25 mg/kg).18,22 Esketamine takes effect 1–2 min after 

intravenous injection, with a distribution half-life of 23 min and 

an elimination half-life of 125–180 min.23 The results of this study 

showed no statistical difference in eye opening time and extuba

tion time in group E compared with the control group, suggesting 

that intravenous injection of 0.25 mg/kg of esketamine 30 min 

before the end of the operation had no significant effect on the 

patient’s awakening time, which provides a dosing reference 

for the use of esketamine.

Remifentanil was an ultrashort-acting opioid,19 and its antitus

sive effect prevented or reduced choking cough during the 

awakening period, and it was the most effective in relieving se

vere choking cough during the extubation period compared 

with other drugs.24 However, the incidence of adverse effects, 

Table 1. Comparison of preoperative basic information and 

medical history between the two groups

Group E (n = 27) Group D (n = 27) p

Year(y) 53.22 ± 7.54 55.81 ± 6.36 0.178

Height (cm) 168.26 ± 4.90 168.44 ± 5.55 0.897

Weight (kg) 69.37 ± 10.24 66.81 ± 10.07 0.359

BMI(kg/m2) 24.27 ± 2.95 23.55 ± 2.98 0.375

ASA (I/II) 4/23 5/22 0.971

Recent smoking 

history

14 (51.85%) 13 (48.15%) 0.785

Hypertension 4 (14.81%) 6 (22.22%) 0.484

Diabetes 4 (14.81%) 5 (18.52%) 0.715

Operation time (min) 105 (70,160) 90 (70,120) 0.703

Anesthesia time (min) 120 (80,175) 105 (80,135) 0.678

The total dose of 

remifentanil (μg)

900 (613,1348) 792 (648,1024) 0.382

Data are presented as mean (standard deviation), median (interquartile 

range, IQR) or n [%]. 

BMI, Body mass index; ASA, American society of anesthesiologists.
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such as respiratory depression, nausea and vomiting, muscle 

stiffness, itching, or delayed awakening was also increased 

with increasing dose.25 The TCI effector compartment concen

trations of remifentanil to suppress the choking cough reflex 

recommended in previous literature varied and ranged from 

1.5–2.9 ng/mL.14,25–27 When remifentanil effector compartment 

target concentration of 2 ng/mL was maintained during the extu

bation period, it was effective in suppressing the incidence 

and severity of cough during extubation in both propofol-remi

fentanil anesthesia modality and sevoflurane-remifentanil anes

thesia modality, with no significant difference between the two 

groups,28 which was similar to the EC95 value of remifentanil 

that suppressed the choking cough response during extubation 

in propofol-remifentanil anesthesia modality.29

There was no significant difference in the incidence of respira

tory-related adverse events after extubation between the two 

groups, but we found that two patients in group D had postextu

bation respiratory depression. This study showed a difference of 

0.6–0.7 ng/mL between remifentanil EC50 and EC95 between the 

two groups. Using high concentrations of remifentanil to prevent 

coughing may be impractical, as remifentanil during recovery 

may increase hypnosis and respiratory depression. According 

to previous studies, the incidence of hypoventilation caused by 

3.0 ng/mL remifentanil infusion during recovery is higher than 

that caused by 2.6 ng/mL or lower remifentanil infusion of 

2.6 ng/mL, and the extubation time during recovery is longer.30

These results suggest that the combination of esketamine and 

remifentanil for the prevention of waking cough is feasible in a 

clinical setting.

When remifentanil was used alone in this study, the EC50 of re

mifentanil to inhibit extubation choking cough was 2.554 ng/mL, 

which was slightly higher compared with 2.43 ng/mL in the study 

of Soh S et al.14 in the thyroidectomy study, probably because 

the need to wear a neck brace in the postoperative period of cer

vical spine surgery increased the mechanical stimulation of the 

pharynx coming into contact with the tracheal tube during 

the awakening period compared with thyroidectomy, which 

increased the choking cough probability of occurrence. Previous 

studies found that esketamine gargle was effective in reducing 

post-tracheal intubation sore throat by acting on oral and upper 

respiratory mucosal opioid receptors and inhibiting NMDA re

ceptors in vivo, which lasted for at least 7 days postoperatively, 

and no adverse effects associated with esketamine had been 

found.31 No significant difference was found between the two 

groups of postoperative sore throat in this study, which may 

be due to the small sample size of esketamine.

The difference between the two groups in this study was not 

statistically significant in terms of total intraoperative remifentanil 

dose, but PetCO2 at the moment of extubation and PaCO2 3 min 

after extubation were lower in patients of group E relative to the 

control group. The subanesthetic dose of esketamine was effec

tive in reversing remifentanil-induced respiratory depression, 

probably because esketamine blocks NMDA receptors and 

improves the sensitivity of chemoreceptors to carbon dioxide 

in vivo,32 and also improves the efficiency of monoamine neuro

transmitter delivery in respiratory activity due to its synergistic ef

fect on catecholamines.33 The recovery of respiratory rate was 

better in group E at the immediate moment of extubation, sug

gesting that the coadministration of esketamine helps to reduce 

the use of opioids during extubation, accelerates the recovery of 

respiratory function during the awakening period, and reduces 

complications.

Esketamine also helped to reduce the patients’ postoperative 

pain. NRS scores continued to decrease from 2 h to 48 h 

Figure 2. Effect-site concentration of remifentanil by Dixon’s method of the two groups 

The positive and negative choking cough reactions are represented as open (○) and closed circles (●), respectively.

1.0 1.5 2.0 2.5 3.0

0

50

100

% Group E

Group D

Figure 3. Schematic diagram of dose-effect curves of remifentanil 

for preventing choking cough reaction of the two groups
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postoperatively in both groups, but the NRS scores in group E 

were significantly lower than those in group D at both 2 h and 

24 h postoperatively. Postoperative pain in perioperative pa

tients was mainly affected by various factors such as central 

sensitization, surgical injury and inflammatory factor release,34

in addition to nociceptive hypersensitivity induced by anesthesia 

maintenance with remifentanil.35 Esketamine can reduce pain by 

inhibiting NMDA receptor-mediated pain sensitization and cen

tral sensitization, and can reduce remifentanil-induced nocicep

tive hypersensitivity by interacting with opioid receptors.12 Shen 

J et al. used 0.25 mg/kg of esketamine to effectively reduce pain 

24 h after abdominal surgery, reduce the dosage of opioids 

without any significant adverse effects, and improve the quality 

of recovery.36 In this study, the esketamine group reduced pa

tients’ pain at 2 h and 24 h after surgery, but there was no statis

tically significant difference between the NRS scores and the use 

of remedial analgesic drugs between the two groups at 48 h after 

surgery, which may be due to the fact that anterior cervical spine 

approach surgery is less traumatic, postoperative pain was less 

severe and would not be aggravated by exercise, and flurbipro

fenac was routinely injected intravenously for two days after sur

gery to provide postoperative analgesia, so that patients of the 

two groups showed moderately severe pain (NRS) and pain in 

the first two days after surgery. The number of patients with 

moderate-to-severe pain (NRS score more than or equal to 4) 

was very small, and only three patients in the control group 

required remedial analgesic medication, so the analgesic effect 

A B Figure 4. Respiratory function index trends 

of the two groups 

Data are represented as mean ± SEM. T0: entry 

into the operating room, T1: 30 min before the end 

of surgery, T4: 3 min after extubation. (A) indicates 

the trend diagram of PaO2 of the two groups, (B) 

indicates the trend diagram of PaCO2 of the two 

groups. * represents that PaCO2 in group E was 

lower than that in group D at T4, and the difference 

was statistically significant (p < 0.05).

of esketamine on the 48 h postoperative 

period in this study was not significant. 

Nevertheless, intraoperative infusion of 

esketamine may also help to reduce postoperative pain scores 

and improve the quality of patients’ postoperative recovery, 

but further studies were needed.

Postoperative cervical spine surgery in patients with anterior 

approach to the cervical spine restricts neck movement due to 

the wearing of a neck brace, which caused great discomfort to 

the patients and may produce negative emotions, affecting the 

postoperative recovery. The PHQ-9 scores of group E were 

lower than those of the preoperative period, which suggested 

that esketamine has some improvement in the postoperative 

depression of the patients, but there was no significant differ

ence, probably because the study subjects were middle-aged 

and young men, and anterior approach to the cervical spine sur

gery had a small incision with low incidence of moderate-to-se

vere pain and a high incidence of postoperative depression. The 

incidence of moderate to severe pain was low, and postopera

tive depression was associated with factors including age, 

gender, postoperative pain, and anxiety. The NMDA receptor an

tagonists ketamine or esketamine increase free glutamate, 

decrease serum inflammatory factor levels, and increase the 

expression of brain-derived neurotrophic factor, thus exerting 

an antidepressant effect, and the most commonly used dose 

to exert an antidepressant effect was intravenous ketamine at 

0.5 mg/kg and the mood-improving effect lasts for about a 

week.37 While increasing the frequency of intravenous adminis

tration prolongs the antidepressant effect, it also increased the 

risk of ketamine psychomimetic side effects.38

A B Figure 5. Intraoperative hemodynamic 

trends of the two groups 

Data are represented as mean ± SEM. T0: entry 

into the operating room, T1: 30 min before the end 

of surgery, T2: extubation, T3: 1 min after ex

tubation, T4: 3 min after extubation. A indicates the 

trend diagram of MAP of the two groups, B in

dicates the trend diagram of HR of the two groups. 

* means that the MAP and HR at T1 were signifi

cantly lower than those at other time points 

(p < 0.05).
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There was no significant difference in the incidence of postop

erative nausea and vomiting, dizziness, nightmares, and halluci

nations in both groups of patients in this study, and nightmares 

were only observed in one patient in the esketamine group. 

The psychomimetic side effects of ketamine were positively 

correlated with its administered dose, and low doses of ketamine 

can significantly reduce its self-induced psychiatric symp

toms.39 Compared to ketamine, esketamine had a higher clear

ance rate in the body and a shorter recovery time, resulting in a 

lower incidence of postoperative psychomimetic side effects.35

Based on the concept of enhanced recovery after surgery 

(ERAS), it had been shown that perioperative removal of opioi

dized anesthesia with esketamine and dexmedetomidine re

duces postoperative nausea and vomiting, delayed recovery of 

gastrointestinal function, and nociceptive hypersensitivity and 

other adverse effects, but bradycardia and delayed awakening 

can still be seen among them.40 Thus, further studies were 

needed on the dosage and potential benefits of administration 

of esketamine and dexmedetomidine under the ERAS concept.

Conclusion

Combined use of esketamine(0.25 mg/kg) can reduce the EC50 

of remifentanil for inhibiting choking cough during extubation in 

male patients undergoing anterior approach cervical spine sur

gery, and it can effectively reduce the early postoperative pain, 

and it can reduce the concentration of remifentanil used during 

extubation. The effect-site concentration of remifentanil may 

be adjusted to prevent emergence cough when used in combi

nation with esketamine. Low doses of esketamine do not signif

icantly impact extubation time or cause adverse reactions.

Limitations of the study

This study had some limitations. First, a single dose of esket

amine was administered intravenously in this study, and the effi

cacy may have varied depending on the blood concentration; the 

optimal dose, blood concentration, and route of administration 

of esketamine need to be determined. Second, this study used 

sevoflurane-remifentanil sedation-aspiration combination anes

thesia, and the residual concentration of sevoflurane at the 

time of extubation may affect the cough reflex, which may yield 

different results if it is maintained with total intravenous anes

thesia. Finally, although there were no significant differences in 

the incidence of postoperative hemodynamics, proposed psy

chiatric side effects, and PHQ-9 depression scale scores be

tween the two groups, only male patients were selected for 

this study and the sample size was small, so whether the dose 

of esketamine used affects patients including females needs to 

be further investigated.
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Table 2. Postoperative NRS scores between two groups

Group E (n = 27) Group D (n = 27) p

2 h after 

surgery

3 (3,4)a 4 (4,4)a 0.009

24 h after 

surgery

3 (3,4)a 4 (4,4)a 0.001

48 h after 

surgery

3 (2,3) 3 (3,3) 1.000

Group Wald = 6.944, p = 0.008

Time Wald = 319.321, p < 0.001

Groupa × Time Wald = 35.283, p < 0.001

Data are presented as median (interquartile range, IQR). 

NRS, Numerical rating scale.
aRepresents that the NRS scores of group E at 2 h and 24 h after opera

tion were statistically lower than those of group D (p < 0.05).
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STAR★METHODS

KEY RESOURCES TABLE

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

Study design

Approved by the Ethics Committee of our hospital (approval number: Fujian Medical University attached a Research Institute of 

Ethics [2023]389), and registered by the Chinese Clinical Trial Registry (registration number: ChiCTR2300072315). According to 

the inclusion and exclusion criteria, 56 male patients who underwent elective cervical spine surgery under tracheal intubation general 

anesthesia in the First Affiliated Hospital of Fujian Medical University from June 2023 to January 2024 were selected and randomly 

divided into control group (group D) and esketamine group (group E) using random number table method. All patients had signed the 

informed consent before operation.

Inclusion criteria

(1) ASA grade I to II; (2) Age:18–65 years old; (3) Cervical spine surgery under tracheal intubation and general anesthesia was per

formed at an selected time; (4) Body mass index (BMI):18–30 kg/m2; (5) Patients and family members sign informed consent.

Exclusion criteria

(1) History of allergy to the narcotic drugs used in the study; (2) Patients who refuse to cooperate or are mentally ill; (3) Severe obstruc

tive ventilation dysfunction, bronchial asthma, upper respiratory infection; (4) Patients with severe cardiovascular disease and 

abnormal liver and kidney function; (5) Patients with grade 3 or above hypertension, or at serious risk of increased intracranial pres

sure or intraocular pressure; (6) Recent history of sedative and analgesic drug abuse. (7) Intraoperative change of the surgical method 

(possibly changed to posterior approach cervical surgery); (8) Reoperation is required due to postoperative incision infection and 

other reasons.

METHOD DETAILS

Randomization and blindness

This study was a prospective, double-blind, randomized controlled trial, with a total of 56 patients, 28 in each group. 56 patients were 

numbered according to the date and time of surgery, and then random numbers were generated in the random number table, in 

which the even-numbered patients were divided into esketamine group (n1 = 28) and the odd-numbered patients into the control 

group (n2 = 28). Randomized results were generated by a researcher who was not involved in data collection and statistical analysis 

and stored in an opaque sealed envelope that was unsealed on the day of surgery. The grouping should not be disclosed to the eval

uators of observational indicators and the researchers of data analysis.

Clinical protocol

On the day before surgery, patients were visited to confirm the procedure and informed about preoperative fasting and cooperation 

during extubation. Basic information (age, height, weight, BMI, ASA classification, smoking history, hypertension, diabetes, and 

PHQ-9 depression score) was collected. In the operating room, patients underwent cardiac monitoring (HR, SpO2, MAP) and radial 

artery cannulation. They were preoxygenated with a face mask (5 L/min) for 1–3 min before anesthesia induction with sufentanil, 

REAGENT or RESOURCE SOURCE IDENTIFIER

Chemicals, peptides, and recombinant proteins

Esketamine Jiangsu Hengrui Medicine Co 230325BL

Remifentanil China National Pharmaceutical 

Group Corporation

20230503

Deposited data

Raw and analyzed data Lanying Lin linlanying@163.com

Software and algorithms

GraphPad Prism GraphPad https://www.graphpad.com/

IBM SPSS IBM https://www.ibm.com/products/spss-statistics

BioRender BioRender https://BioRender.com/undefined.
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propofol, and cisatracurium. A reinforced tracheal tube was inserted using a video laryngoscope, and mechanical ventilation was 

initiated with 50% oxygen, adjusting parameters to maintain PetCO2 at 35–45 mmHg.

Anesthesia was maintained with sevoflurane (0.6–0.8 MAC) and TCI of remifentanil (3.0–5.0 ng/mL). In the esketamine group, 

0.25 mg/kg esketamine was administered 30 min before surgery ended, while the control group received normal saline. Blood pres

sure and heart rate were maintained within 20% of baseline values. In case of intraoperative hypotension or bradycardia, norepineph

rine or atropine was given.

Before wound closure, remifentanil concentration was adjusted to 2 ng/mL. After wound suturing, sevoflurane was discontinued, 

and the fresh gas flow was increased to 6 L/min to flush the airway. Patients were extubated after achieving adequate respiratory 

function and consciousness, with remifentanil discontinued immediately after.

Patients received flurbiprofen (50 mg IV) twice daily for analgesia. If severe pain occurred, loxoprofen sodium (60 mg) was 

administered.

Outcomes

The median effective concentration (EC50) of remifentanil to prevent cough in Group E were the primary study outcomes. The sec

ondary outcomes were postoperative NRS pain score and the occurrence of adverse reactions such as incision bleeding or hema

toma, respiratory depression, nausea and vomiting, etc. Postoperative monitoring included HR, MAP, SpO2, PetCO2, and respiratory 

rate at various time points (T0–T4). The severity of coughing during extubation was assessed using the Minogue Rating Scale. Post

operative complications (e.g., respiratory depression, nausea, hallucinations) were recorded, and patients were followed up at one 

week to assess the PHQ-9 score.

QUANTIFICATION AND STATISTICAL ANALYSIS

In this study, the Dixon sequential method was used to obtain the EC50 value of remifentanil required to suppress choking cough 

during the extubation period. The EC50 of remifentanil was defined as the mean at the mid-point of the crossover concentration 

for each group (i.e., positive-negative). The EC50 value of remifentanil were also estimated using isotonic regression method. Obtain

ing accurate EC50 values by the Dixon sequential method required a minimum of 6 negative/positive turning points and 20 patients 

per group.41 In a study of thyroidectomy using the Dixon sequential method, the EC50 of remifentanil TCI for male patients to suppress 

choking cough during extubation was 2.43 ng/mL with a standard deviation of 0.21 ng/mL.14 Considering the similarity of surgical 

route, incision size, and patient’s position in both thyroidectomy and anterior approach cervical spine surgery, in the present study, 

the groups were divided per The difference in the target concentration of remifentanil effector compartment between two adjacent 

cases during extubation was set at 0.2 ng/mL. Additionally, the data of the sequential method trial were analyzed by probit probability 

unit regression analysis, and the EC50 and 95% effective concentration (EC95) of remifentanil for suppressing choking cough during 

extubation were calculated, as well as the 95% CIs. CIs were calculated using a bootstrapping approach. If the EC50 and EC95 es

timates did not overlap at 83% CI and 95% CI, the values were considered to show statistically significant differences.42

The SPSS package (version 26.0, IBM Corporation, Armonk, NY, USA) was used for statistical analyses. Measurement data were 

tested for normality, and those that conformed to normal distribution were expressed as mean ± standard deviation (x‾±s)and inde

pendent samples t test was used for comparison between two groups. Measures that did not conform to normal distribution were 

expressed as median and interquartile spacing [M (P25, P75)], and comparisons between the two groups were made using a nonpara

metric test (Mann-Whitney U-test). The composition of count data was expressed as frequency (percentage) [n (%)], and compari

sons between groups were made using the chi-square test or Fisher’s exact probability method. NRS scores were analyzed by 

repeated measures ANOVA or generalized estimating equations. p < 0.05 indicated that the difference was statistically significant.

ADDITIONAL RESOURCES

This study was registered on www.chictr.org.cn before first patient enrollment (registration number: ChiCTR2300072315).

The graphical abstract is created in BioRender. Chen, S. (2025) https://BioRender.com/undefined.
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