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Background: Postoperative sore throat is a frequent adverse event after double-lumen endobronchial tube (DLT) intubation. The aim 
of this study was to investigate whether esketamine gargle has a preventive effect on the incidence of postoperative sore throat in 
patients undergoing DLT intubation.
Methods: This trial included 140 patients undergoing elective thoracic surgery at the third affiliated hospital of Sun Yat-Sen 
University. Patients were randomly allocated into the following two groups of 70 patients each: the control group, gargling with 
saline of 30 mL, and the esketamine group, gargling with an esketamine solution of 30 mL (2 mL/50 mg esketamine in 28 mL saline), 
5 min prior to anaesthesia induction. The primary outcome was the incidence of sore throat 24 h after surgery. The main secondary 
outcomes included the incidence of sore throat and hoarseness at 1 h and 48 h after surgery, as well as the intraoperative 
haemodynamic responses.
Results: The incidence of sore throat was significantly higher in the control group (47.1%, 33/70 patients) compared with the 
esketamine group (12.9%, 9/70 patients) at 24 h after surgery (RD, 0.41; 95% confidence interval, 0.26–0.57; p < 0.001). Furthermore, 
the incidence of sore throat at 1 h (p = 0.027), 24 h (p = 0.019), and seventh day (p = 0.031) as well as hoarseness at 1 h (p = 0.027), 24 
h (p = 0.019), and 48 h (p = 0.031) after surgery were reduced in the esketamine group. Significant differences were seen in the peak 
levels of systolic blood pressure, mean arterial blood pressure, and heart rate between the groups during the intubation (p < 0.05). 
Besides, no patient developed an adverse reaction to esketamine.
Conclusion: Preoperative gargling of esketamine can provide an effect against sore throat after DLT intubation without adverse side 
effects and effectively inhibit sharp elevations in heart rate and blood pressure during double-lumen intubation procedures.
Keywords: esketamine, topical application, postoperative sore throat, double-lumen endobronchial tubes, intubation

Introduction
Postoperative sore throat commonly occurs after tracheal intubation and ranks sixth among adverse outcomes associated 
with general anaesthesia.1,2 Evidence indicates that a large-sized tracheal tube is a potential risk factor for postoperative 
sore throat.3,4 Because of their larger external diameters, double-lumen endobronchial tubes, which are widely used in 
surgeries that require bronchial blockage and one-lung ventilation, may induce postoperative sore throat more often than 
single-lumen tracheal tubes.3 Postoperative sore throat usually worsens during swallowing and is difficult to treat, even if 
wound pain is well managed with narcotics.5 Thus, efforts are needed to prevent this complication in patients undergoing 
double-lumen tube intubation.
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Esketamine is a newly developed N-methyl-D-aspartate receptor antagonist. As the dextroisomer of ketamine, 
esketamine has a greater analgesic effect than racemic ketamine and is approximately two- to four-fold as potent.6 

Evidence indicates that ketamine gargle reduces postoperative sore throat after single-lumen tube intubation due to its 
suppressive effect on N-methyl-D-aspartate receptors and its agonist effects on opioid receptors in the oral and upper 
respiratory tract mucosa.7 Given this, we hypothesised that esketamine gargle may effectively reduce postoperative sore 
throat after double-lumen tube intubation. Thus, the current study was conducted to determine whether preoperative 
administration of esketamine gargle decreases the incidence of postoperative sore throat in patients receiving double- 
lumen tube intubation for one-lung anaesthesia.

Methods
Ethics
This prospective, double-blind, single-centre, randomised controlled trial was approved by the Research Ethics 
Committee of the third affiliated hospital of Sun Yat-Sen University and registered in the Chinese Clinical Trial 
Registry (ChiCTR2100044061). Written informed consent was obtained from all participants. In this report, we do not 
contain any personal information that could lead to the identification of the patient(s). The work has been reported in line 
with the Consolidated Standards of Reporting Trials (CONSORT) Guidelines,8 and protocols were conducted in 
accordance with the tenets of the Declaration of Helsinki.

Patients
This clinical trial was conducted between November 2021 and November 2022. We enrolled patients who were 
hospitalised at the third affiliated hospital of Sun Yat-Sen University for elective thoracic surgery with double-lumen 
tube intubation for one-lung ventilation. The age range of eligible participants was 18–70 years old, and the ASA 
physical status classification was limited to grades I–III. Those who had a Mallampati score of IV, pre-existing sore throat 
or hoarseness, recent or recurrent respiratory tract infection, tracheostomy tube, predicted postoperative aspiration, 
known or predicted difficult airway, or contraindications to esketamine were excluded. Patients who had a Cormack- 
Lehane grade III or IV laryngoscopic view, required orogastric or nasogastric tubes during mask ventilation, or required 
postoperative mechanical ventilation were also excluded.

Randomisation
Participants were divided into two groups (control group or esketamine group) with a 1:1 ratio, using random lists 
generated by SPSS statistical software (Version 20.0, IBM Corp., NY, USA) sealed in opaque, sequentially numbered 
envelopes. Considering the potential adverse events from esketamine, the group assignment of each patient was revealed 
to the participating anaesthesiologist who had no knowledge about the purpose of the data analysis. Data collection was 
conducted by an independent research coordinator who had no knowledge of patient assignments.

Intervention
There was no premedication for the participants. Intraoperative monitoring included non-invasive and invasive blood 
pressure measurement, electrocardiography, pulse oximetry, and measurement of the Narcotrend Index (MT 
MonitorTechnik GmbH & Co., KG, Germany). Five minutes before anaesthesia induction, 50 mg esketamine (25 mg. 
l−1, Hengrui Medicine, Jiangsu, China) mixed in 28 mL saline or 30 mL normal saline was poured into a paper cup and 
administered to patients in the esketamine and control groups, respectively, by a nurse who was blinded to the assigned 
intervention grouping information. According to the previous study, patients were required to gargle for 30s.9

Anaesthesia management was standardised for all participants. Medications used to induce general anaesthesia 
included dexamethasone, 5 mg; midazolam, 0.02 mg.kg−1; propofol, 1.5–2.0 mg.kg−1; sufentanil, 0.5 µg.kg−1; and 
cisatracurium, 0.2 mg.kg−1. Muscle relaxation was assessed every 10s using a “train of four” (neuromuscular transmis-
sion) monitor (Mindray Bio-Medical Electronics, China). The double-lumen tube intubation was performed using 
a Mallinckrodt tracheal tube (Covidien, MA, USA) with video laryngoscopy (TD-C-IV-3, UE Medical Corporation, 
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Zhejiang, China) by an independent anaesthesiologist with over ten years of experience in double-lumen tube intubation 
who was unaware of the patient’s group assignment. Tube size was selected based on the preoperative computed 
tomography-measured bronchial width of each patient, as described in a previous study.10 Using fibreoptic bronchoscopy, 
the position of the double-lumen tube was adjusted immediately after insertion, and the patient was turned to the lateral 
position.

Anaesthesia was maintained through micropump infusion of remifentanil (0.12–0.2 µg.kg−1 per min) plus cisatracur-
ium (1–2 µg.kg−1 per min), with inhalation of 2–4 vol% sevoflurane in an oxygen-medical air mixture, to achieve 
adequate anaesthetic depth (Narcotrend stages C, D, E0, and E1). Concurrently, patients were monitored for changes in 
blood pressure outside ±20% from baseline. In this study, we determined the baseline blood pressure according to the 
report by Bijker JB et al.11 They defined the baseline blood pressure as the average of the blood pressure measured at the 
preoperative evaluation clinic (measured on either arm with the patient in the sitting position) and all available blood 
pressure measurements in the operating room before the administration of induction medication.

The tidal volume was set at 4–6 mL.kg−1 during the one-lung ventilation period, and other ventilator parameters were 
adjusted to the peak inspiratory pressure of < 35 cmH2O and end tidal CO2 of < 45 mmHg.12 We utilised the ideal body 
weight (IBW) to calculate tidal volume. As suggested by Appelbaum N and Clarke J in their editorial, the IBW was 
determined using the body mass index method, specifically calculated as IBW = 22×H2, where H represents the patient’s 
height in meters.13

At the end of surgery, all patients were intravenously injected with tropisetron (5 mg) and neostigmine (0.05 mg.kg−1) 
plus atropine (0.02 mg.kg−1) to antagonise the residual neuromuscular block. To alleviate postoperative pain, the thoracic 
surgeon performed wound infiltration with 0.375% ropivacaine. Moreover, intravenous patient-controlled analgesia was 
induced using a combination of sufentanil (150 µg) and tropisetron (15 mg) in 150 mL 0.9% sodium chloride 
administered at a continuous infusion rate of 2.0 mL.h−1, with a single bolus dose of 1 mL and a lockout time of 15 
min. Tramadol (50 mg) was administered for rescue analgesia if the postoperative visual analogue pain scale score of the 
patient was > 4.

Data Collection
Demographic data of each patient, including age, sex, height, and weight, were recorded. An anaesthesiologist blind to 
group assignment rated the Mallampati grade of each patient prior to surgery. The anaesthesiologist who performed the 
tracheal intubation assessed the Cormack and Lehane grading and rated the subjective sensation grade (none, mild, 
moderate, or severe) of the advancement resistance of the double-lumen tube through the glottis. Intubation time was 
defined using the definition of Park et al,14 which is the duration from the insertion of the laryngoscope blade to the 
achievement of an end-tidal CO2 value ≥ 30 mmHg. Double-lumen tube positioning time was defined as the duration of 
bronchoscopy to verify the correctness of the position of the double-lumen tube. We recorded the number of intubation 
attempts and position adjustments per participant.

Haemodynamic variables, including systolic blood pressure, mean arterial blood pressure, and heart rate, were 
recorded at baseline (T1), 1 min after gargling (T2), immediately before tracheal intubation (T3), and at 2 (T4) and 5 
min (T5) after intubation. Additionally, the peak values of systolic blood pressure, mean arterial blood pressure, and heart 
rate during intubation were noted.

At 1 h, 24 h, 48 h, and the seventh day after surgery, a staff member blind to group assignment evaluated the level of 
sore throat and hoarseness in each patient. If the patient is discharged within seven days after surgery, we conduct follow- 
up and assessment through the telephone annually. Sore throat was measured and categorised as described previously: 
none (no sore throat [Grade I]); mild (discomfort with deglutition [Grade II]); moderate (constant discomfort that 
increases with swallowing [Grade III]); and severe (discomfort that interferes with eating and requires rescue medication 
[Grade IV]).14,15 A grade ≥ II was regarded as unacceptable. In accordance with a previous study,15 we used a numerical 
rating scale, ranging from 0 (no sore throat) to 10 (worst throat discomfort imaginable), to measure the severity of sore 
throat. Hoarseness was evaluated on a grade I–IV scale as follows: none (no hoarseness [Grade I]); mild (minimal change 
in voice character that the patient complained of only when examined [Grade II]); moderate (moderate change in voice 
character that the patient complained of [Grade III]); or severe (severe deterioration in voice character observed by the 

Drug Design, Development and Therapy 2023:17                                                                             https://doi.org/10.2147/DDDT.S430077                                                                                                                                                                                                                       

DovePress                                                                                                                       
3141

Dovepress                                                                                                                                                            Liang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


examiner [Grade IV]).14 A grade ≥ II was regarded as an occurrence of hoarseness. Postoperative wound pain was 
measured at rest and during coughing on the first, second, and seventh postoperative days using an 11-point numeric 
rating scale. According to the previous report,16 we also recorded the occurrence of adverse reactions to esketamine, 
including hallucinations, confusion, delirium, impaired vision, agitation, nausea or vomiting, and discomfort in the oral 
cavity.

As postoperative sore throat is most commonly reported within the first 24 h after double-lumen tube 
insertion,14,15 we selected the incidence of sore throat 24 h after surgery as the primary outcome. Secondary 
outcomes included the incidence of sore throat 1 h and 48 h after surgery; severity of sore throat and incidence 
of hoarseness 1 h, 24 h, and 48 h after surgery; intraoperative haemodynamic responses; and postoperative 
wound pain scores.

Sample Size Calculation
In a previous study,17 postoperative sore throat occurred in 44% of patients within the first 24 h of double-lumen tube 
intubation. If a 50% reduction in the incidence of postoperative sore throat is regarded as clinically significant,15 then 
a sample size of 68 participants per group would be needed to achieve a power of 0.8 and a risk of 0.05 for type-I errors 
in two-tailed statistical analyses. Considering the potential for loss of follow-up or consent withdrawals, a total of 70 
patients were included in each group for this trial.

Statistical Analysis
All statistical analyses were conducted with SPSS software (version 20.0; IBM Corp., Armonk, NY, USA). The 
continuous data were presented as mean ± standard deviation (SD) and compared using independent sample 
t-tests. The scores of sore throat and postoperative pain were indicated as median (interquartile [range]) and 
analysed using Mann–Whitney tests, and the median difference (MD) with associated 95% confidence interval 
(CI) was calculated by Hodges-Lehmann estimation method. The repeated measured data, such as haemodynamic 
variables, were expressed as mean ± SD and analysed through repeated-measures analysis of variance followed 
by post-hoc Bonferroni correction. Categorical data were compared using the chi-square or Fisher’s exact tests, 
as appropriate, and are described as numbers (%). The rate difference (RD) with associated 95% CI for 
categorical data was calculated through the Wilson method. Statistical significance was set at p < 0.05. Based 
on the previous studies,18,19 missing data pertaining to the incidence and severity of postoperative sore throat and 
hoarseness were addressed using multiple imputation by chained equations (MICE) with five iterations.

Results
After screening 149 individuals, we excluded nine patients (six with recent sore throat and three with Mallampati scores 
of IV) from participation. Thus, 140 eligible patients were included (Figure 1). The baseline variables are shown in 
Table 1. As per the study conducted by de Boeret al,20 we did not perform the statistical comparison for the baseline data. 
Furthermore, there were no between-group differences in surgical characteristics and factors related to tracheal intubation 
(Table 2). Besides, there were no episodes of esketamine-related adverse effects in either group, including hallucinations, 
confusion, delirium, impaired vision, agitation, nausea or vomiting, and discomfort in the oral cavity.

There were no missing outcomes related to the incidence and severity of postoperative sore throat and 
hoarseness. As shown in Table 3, compared with the control group, the esketamine group had a lower incidence 
of sore throat at 1 h (RD, 0.41; 95% CI, 0.26–0.57; p < 0.001), 24 h (RD, 0.34; 95% CI, 0.20–0.48; p < 0.001), 
48 h (RD, 0.24; 95% CI, 0.12–0.36; p = 0.001), and 7 days (RD, 0.10; 95% CI, 0.02–0.18; p = 0.033) after 
surgery. Moreover, the VAS scores of sore throat were significantly decreased at the four postoperative time 
points (1 h postoperatively: MD, −2.00; 95% CI, −2.00– −1.00; p < 0.001; 24 h postoperatively: MD, 0.00; 95% 
CI, −1.00–0.00; p < 0.001; 48 h postoperatively: MD, 0.00; 95% CI, 0.00–0.00; p < 0.001; 7 days post-
operatively: MD, 0.00; 95% CI, 0.00–0.00; p = 0.029). The incidence of hoarseness at 1 h (RD, 0.19; 95% 
CI, 0.04–0.34; p = 0.027), 24 h (RD, 0.17; 95% CI, 0.04–0.30; p = 0.019), and 48 h (RD, 0.11; 95% CI, 0.02– 
0.21; p = 0.031) after surgery was reduced in the esketamine group. However, there was no between-group 
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difference in the incidence of hoarseness on the seventh postoperative day (Table 3). In addition, the post-
operative visual analogue wound pain scores at rest and during coughing were comparable between the two 
groups (Table 4).

There were no differences between the two groups in haemodynamic variables at baseline, 1 min after 
gargling, or immediately before tracheal intubation. However, relative to the control group, the esketamine 
group showed lower systolic blood pressure 2 min after intubation (p = 0.014) as well as lower mean arterial 
blood pressure and heart rate 2 min (mean arterial blood pressure; HR, p = 0.001) and 5 min (mean arterial 
blood pressure, p = 0.046; HR, p = 0.034) after intubation. In addition, the peak values of systolic blood 

Figure 1 Study flow diagram.

Table 1 Baseline Variables for Patients

Control Group 
n=70

Esketamine Group 
n=70

Age (years) 53.4 ± 13.4 52.3 ± 11.0

Sex (Male/Female) 30 (42.9) / 40 (57.1) 34 (48.6) / 36 (51.4)
Height (cm) 161.4 ± 9.1 163.2 ± 8.5

Weight (kg) 60.1 ± 11.4 61.6 ± 11.4

BMI (kg∙m-2) 23.0 ± 3.4 23.0 ± 3.2
ASA grade

I 16 (22.9) 12 (17.1)

II 47 (67.1) 55 (78.6)
III 7 (10/0) 3 (4.3)

Smoking

Yes 25 (35.7) 24 (34.3)
No 45 (64.3) 46 (65.7)

Notes: Values are presented as mean ± SD, median (interquartile [range]) or patient 
number (%). 
Abbreviations: BMI, body mass index; ASA, American Society of Anaesthesiologists.
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Table 2 Surgical Characteristics and Factors Related to Tracheal Intubation

Control  
Group (n=70)

Esketamine  
Group (n=70)

P value

Type of surgery 0.496

Thoracoscopic lobectomy 29 (41.4) 33 (47.1)

Thoracoscopic wedge resection 41 (58.6) 37 (52.9)
Side of surgery, 0.606

Left 27 (38.6) 30 (42.9)

Right 43 (61.4) 40 (57.1)
DLT size 0.247

32-Fr 9 (12.9) 9 (12.9)
35 45 (64.3) 39 (55.7)

37-Fr 16 (22.8) 22 (31.4)

Mallampati grade 0.298
I 37 (52.9) 46 (65.7)

II 27 (38.6) 20 (28.6)

III 6 (8.5) 4 (5.7)
Cormack-Lehane view 0.835

I 55 (78.6) 56 (80.0)

II 15 (21.4) 14 (20.0)
Number of intubation attempts 0.958

1 63 (90.0) 62 (88.6)

2 6 (8.6) 7 (10.0)
3 1 (1.4) 1 (1.4)

Resistance to DLT advancement, 0.780

None 26 (37.1) 24 (34.3)
Mild 32 (45.7) 36 (51.4)

Moderate 12 (17.2) 10 (14.3)

Number of repositionings 0.739
0 7 (10.0) 10 (14.3)

1 47 (67.1) 45 (64.3)

2 16 (22.9) 15 (21.4)
Time for tracheal intubation (sec) 77 (62–100 [47–171]) 78 (60–100 [50–201]) 0.832

Time for DLT positioning (sec) 46 (28–64 [15–300]) 39 (25–65 [10–350]) 0.369

Duration of one lung ventilation (min) 67 (53–100 [16–220]) 67 (43–101 [22–198]) 0.568
Duration of anaesthesia (min) 136 (112–174 [72–363]) 139 (113–189 [65–288]) 0.564

Duration of operation (min) 80 (60–111[22–303]) 82 (60–120 [31–211]) 0.728

Notes: Values are presented as mean ± SD, median (interquartile [range]) or patient number (%). 
Abbreviation: DLT, double-lumen endobronchial tube.

Table 3 Incidence and Severity of Postoperative Sore Throat and Hoarseness

Variables Control  
Group (n=70)

Esketamine  
Group (n=70)

RD or MD (95% CI) P value

Sore throat

1 h postoperatively 50 (71.4) 21 (30.0) RD, 0.41 (0.26 to 0.57) < 0.001

24 h postoperatively 33 (47.1) 9 (12.9) RD, 0.34 (0.20 to 0.48) < 0.001
48 h postoperatively 21 (30.0) 4 (5.7) RD, 0.24 (0.12 to 0.36) 0.001

7 days postoperatively 8 (11.4) 1 (1.4) RD, 0.10 (0.02 to 0.18) 0.033

(Continued)
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pressure, mean arterial blood pressure, and heart rate recorded in the esketamine group were lower than those in 
the control group (systolic blood pressure, p = 0.004; mean arterial blood pressure, p = 0.002; heart rate, p = 
0.001). Changes in haemodynamic variables at specific timepoints are shown in Figure 2.

Table 3 (Continued). 

Variables Control  
Group (n=70)

Esketamine  
Group (n=70)

RD or MD (95% CI) P value

VAS of sore throat
1 h postoperatively 2 (0–5 [0–8]) 0 (0–2 [0–6]) MD, −2.00 (−2.00 to −1.00) < 0.001

24 h postoperatively 1 (0–2 [0–4]) 0 (0–0 [0–3]) MD, 0.00 (−1.00 to 0.00) < 0.001

48 h postoperatively 0 (0–1 [0–2]) 0 (0–0 [0–2]) MD, 0.00 (0.00 to 0.00) < 0.001
7 days postoperatively 2 (0–0 [0–2]) 0 (0–0 [0–1]) MD, 0.00 (0.00 to 0.00) 0.029

Hoarseness

1 h postoperatively 28 (40.0) 15 (21.4) RD, 0.19 (0.04 to 0.34) 0.027
24 h postoperatively 20 (28.6) 8 (11.4) RD, 0.17 (0.04 to 0.30) 0.019

48 h postoperatively 10 (14.3) 2 (2.9) RD, 0.11 (0.02 to 0.21) 0.031

7 days postoperatively 3 (4.3) 1 (1.4) RD, 0.03 (−0.13 to 0.08) 0.620

Notes: Values are presented as patient number (%) or median (interquartile [range]). 
Abbreviations: RD, rate difference. MD, median difference. CI, confidence interval. VAS, visual analogue scale.

Table 4 Postoperative Visual Analogue Wound Pain Score

Variables Control  
Group (n=70)

Esketamine  
Group (n=70)

Difference (95% CI) P value

Postoperative pain score at rest

First day postoperatively 2 (1–2 [0–6]) 2 (1–2 [0–5]) MD, 0.00 (0.00 to 0.00) 0.350
Second day postoperatively 2 (1–2 [0–9]) 2 (1–2 [0–5]) MD, 0.00 (0.00 to 0.00) 0.506

Seventh day postoperatively 1 (0–1 [0–3]) 1 (0–1 [0–4]) MD, 0.00 (0.00 to 0.00) 0.809

Postoperative pain score during coughing
First day postoperatively 5 (3–6 [1–8]) 4 (2–6 [0–7]) MD, 0.00 (0.00 to 0.00) 0.397

Second day postoperatively 4 (3–5 [1–7]) 3 (2–5 [0–7]) MD, 0.00 (0.00 to 0.00) 0.447

Seventh day postoperatively 2 (1–2 [0–4]) 1 (1–2 [0–4]) MD, 0.00 (0.00 to 0.00) 0.816

Note: Values are presented as median (interquartile [range]). 
Abbreviations: MD, median difference; CI, confidence interval.

Figure 2 Haemodynamic variables during surgery. (A) Systolic blood pressure, (B) Mean artery pressure, (C) Heart rate. Data are represented as means with error bars 
showing standard deviation (SD). T1: baseline; T2: 1 min after gargling; T3: immediately before tracheal intubation; T4: two minutes after intubation; T5: five minutes after 
intubation. Peak: the peak values of systolic blood pressure, mean arterial blood pressure, and heart rate during intubation. *P<0.05, **P<0.01.
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Discussion
The results of this study indicate that esketamine gargle effectively reduced the incidence of postoperative sore throat in 
patients undergoing double-lumen tube intubation, without adverse reactions related to esketamine. Furthermore, the 
preventive effect of esketamine against postoperative sore throat persisted for at least seven days after surgery. Moreover, 
esketamine gargle had an impact on acute haemodynamic responses, including transient hypertension and tachycardia, 
during the intubation procedure itself.

In this study, the incidence of sore throat in the control group on the first postoperative day was 47.1%, which is 
comparable to that in previous studies.21–23 The size of double-lumen tubes is directly associated with the rate of 
occurrence of laryngeal complications. The outer diameters of commonly used double-lumen tubes range from 12 to 
14 mm, which is considerably larger than the outer diameters of single-lumen tubes, which range from 9.5 to 10.7 mm. 
Moreover, the frequent manipulation and repositioning needed with double-lumen tubes to achieve optimal bronchial 
blockage and one-lung ventilation leads to friction between the tube and airway, which may induce airway damage.24

Gargling is a recently proposed route of drug administration for the treatment of postoperative sore throat.9,25 It is 
quick and simple to perform, commonly requiring less than one minute, and can be done by almost all individuals. 
Recent meta-analyses have demonstrated that prophylactic utilisation of a set of pharmacologic agents, including 
corticosteroids, glycyrrhiza, ketamine, and magnesium, yields varying degrees of alleviation of postoperative sore 
throat.2,26–29 Although there are effective therapeutic agents to treat postoperative sore throat after single-lumen tracheal 
tube intubation, the optimal agent for postoperative sore throat after double-lumen tube intubation has been unclear.30 

The present study is the first to suggest that preoperative gargling with esketamine significantly diminishes the incidence 
and severity of postoperative sore throat in patients after double-lumen tube intubation. Moreover, regarding safety and 
patient tolerance, other literature has reported that intravenous administration of esketamine can result in unwanted 
outcomes, such as psychomimetic effects,31 vivid dreaming,32 and increased blood pressure.16 In the present study, no 
participant experienced side effects related to esketamine gargle. To explain this outcome, it is worth noting that 
preclinical studies have suggested that topically applied ketamine is not detectable in the plasma.33,34 Thus, the clinical 
safety and systemic effects of esketamine gargling are yet to be determined by further studies.

Current research suggests that esketamine has various effects on receptors and channels.16 We propose that the 
efficacy of esketamine gargle in relieving postoperative throat soreness can be attributed to the following mechanisms: 
Firstly, as an antagonist on N-methyl-D-aspartate (NMDA) receptors, esketamine could suppress the activation of 
downstream signalling pathways by inhibiting NMDA receptors and exerting analgesic effects.6 Thus, the analgesic 
effects of esketamine against postoperative sore throat might be attributed to inhibiting NMDA receptors in the oral and 
upper respiratory tract mucosa. Secondly, postoperative sore throat is believed to result from an inflammatory process 
that damages the pharyngeal and tracheal mucosa.26 Studies have shown that ketamine, for example, attenuates 
inflammation by inhibiting the activity of the nuclear factor κB pathway.35 Therefore, we speculate that the effectiveness 
of esketamine gargle is partly due to its anti-inflammatory effects. Thirdly, it is now recognised that ketamine can act as 
a local anaesthetic by blocking voltage-gated sodium channels.16 Since the mechanism of action of esketamine is similar 
to that of ketamine, we hypothesise that esketamine gargle may alleviate postoperative throat soreness by inhibiting 
cation channels and exerting a local anaesthetic effect. Further investigations are necessary to explore the mechanisms 
underlying the esketamine effect against throat soreness.

Compared to single-lumen tubes, stimulation of the carina and inner wall of the trachea by double-lumen tubes can be 
more serious, potentially leading to heightened haemodynamic responses.36 Thus, the cardiovascular reactions in 
response to double-lumen tube intubation can be quite different from those in response to single-lumen tube intubation. 
Similar to previous reports,36,37 patients in our control group showed obvious increases in blood pressure and heart rate 
immediately after intubation compared to patients in the esketamine group. A sharp haemodynamic response to double- 
lumen tube intubation can dramatically elevate the risk of cardiovascular complications in patients. This is a concern, as 
those who require endobronchial intubation with double-lumen tubes are usually elderly and commonly have deteriorated 
physiological reserves or altered autonomic function.37 In addition, elderly patients may have increased sensitivity to 
opioids and anaesthetic drugs, which can result in abrupt hypotension and bradycardia during induction. Our study 
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suggests that preoperative topical application of esketamine may prevent a heightened cardiovascular response during 
double-lumen tube intubation.

The current study has several limitations. Firstly, since ketamine has essentially been withdrawn from the Chinese 
market and gradually replaced by esketamine,38,39 there was no ketamine-treated group included in this study. Secondly, 
the effect size for sample calculation was chosen as a 50% reduction, which is considered relatively large and idealistic. 
Additionally, we plan to conduct future studies with smaller effect sizes and larger sample sizes to explore the clinical 
significance of esketamine in preventing postoperative sore throat. Finally, it is worth noting that previous studies have 
proposed the effectiveness of prophylactic IV dexamethasone at a dose of 0.2 mg/kg in preventing postoperative sore 
throat.40,41 Although a relatively low average dose of dexamethasone (control group: 0.083 mg/kg, esketamine group: 
0.081 mg/kg) was used before anaesthesia induction in our study, it might still be important to consider the potential 
synergistic effect of dexamethasone in preventing postoperative sore throat.

Conclusion
This study offers novel insights into the use of topical esketamine for preventing postoperative sore throat in patients 
undergoing double-lumen intubation. Preoperative gargling of esketamine significantly ameliorates postoperative sore 
throat up to the seventh postoperative day without adverse side effects. Moreover, there is evidence suggesting that 
gargling with esketamine may help mitigate the rapid increase in heart rate and blood pressure that can occur during 
double-lumen intubation procedures.
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