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Abstract: Objective To investigate the effect of different administration methods of esketamine on postoperative pain in 

patients undergoing thoracoscopic lung surgery. Methods A total of 90 patients who underwent elective thoracoscopic lung 

surgery in Qingdao Municipal Hospital from January to June 2023 were selected and randomly divided into three groups. 

Esketamine group 1 (EK1 group, 0.25 mg/kg of Esketamine was administered intravenously after endotracheal intubation); 

Esketamine group 2 (EK2 group, intravenous infusion of esketamine at a rate of 0.125 mg·kg-1·h-1 for 2 hours after tracheal 

intubation); Control group (Group C, No administration of esketamine). All three groups were treated with intravenous rapid 

induction, double lumen tracheal intubation, and ultrasound guided surgical incision intercostal nerve block. When the 

postoperative pain NRS score≥4 points, dezocine was given intravenously for rescue analgesia, with a single dose of 5 mg. The 

NRS pain score, hemodynamic indexes and blood gas indexes at different time points after operation were recorded. The rescue 

analgesia and adverse reactions of the three groups were compared. Results  There was significant difference in NRS scores 

among the three groups (P < 0.05), and NRS scores of esketamine group (EK1 group and EK2 group) at each time point were 

lower than those of group C (P < 0.05). The number of cases of rescue analgesia within 48 h after operation in EK1 group, EK2 

group and C group were 2, 3 and 13 cases respectively. The rescue analgesic rate and dezocine dosage of esketamine group 

(EK1 group and EK2 group) were lower than those of group C (P < 0.05), and the time of first pressing analgesic pump was later 

than that of group C (P < 0.05). There was no significant difference in the incidence of postoperative adverse reactions among 

the three groups (P > 0.05). Conclusion Intraoperative use of flaxseed intoxicating dose of esketamine, single intravenous 

injection, and continuous intravenous pump injection can achieve the goal of reducing postoperative acute pain in patients 

undergoing thoracoscopic lung surgery, without increasing postoperative adverse reactions. Pre-operative single intravenous 

injection is more convenient to operate than continuous intravenous infusion, and there is no concern of delayed recovery. It is 

more recommended for pain relief in thoracoscopic lung surgery. 
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Although thoracoscopic-assisted lung surgery is less 

invasive than traditional open chest surgery, the retraction 

of intercostal muscles and nerves at the surgical site can 

cause significant postoperative pain. Improper 

management of acute postoperative pain may lead to 

chronic pain, making effective perioperative analgesia 

crucial for promoting postoperative recovery. NMDA 

receptor antagonist ketamine has been shown to have 

preventive analgesic effects, and esketamine is the S-

enantiomer. Currently, reports on the use of esketamine in 

thoracic surgery are limited. Therefore, this study aims to 

investigate the effects of different administration methods 

of esketamine on postoperative pain in patients undergoing 

thoracoscopic lung surgery, providing references for pain 

management in thoracoscopic procedures. 

 

1 Materials and methods 
 

1.1 General information 
 

The study was approved by the hospital's Medical 

Ethics Committee (KTLL202306127), and informed 

consent was obtained from patients or their families. A 

total of 90 patients scheduled for elective thoracoscopic 

lung surgery at Qingdao Municipal Hospital from January 

to June 2023 were included.  

Inclusion criteria: age < 65 years; ASA classification 

I-III; body mass index (BMI) 18-30 kg/m²; estimated 

surgery time ≤ 3 hours. Exclusion criteria: surgery time > 

3 hours; infusion of esketamine during surgery < 2 hours; 

conversion to open surgery during the procedure; 

occurrence of severe adverse events (e.g., massive 

bleeding). 

 

1.2 Study groups 
 

Patients were randomly divided into three groups 

using a random number table: (1) Esketamine 1 group 

(EK1 group, n=30), receiving a 0.25 mg/kg intravenous 

bolus of esketamine after tracheal intubation; (2) 

Esketamine 2 group (EK2 group, n=30), receiving a 

continuous intravenous infusion of esketamine at 0.125 
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mg·kg-1·h-1 for 2 hours after tracheal intubation; (3) Control 

group (C group, n=30), without esketamine. 

 

1.3 Study methods 
 

After admission, a peripheral vein was opened, and 

routine monitoring of blood pressure (BP), heart rate (HR), 

pulse, blood oxygen saturation (SpO₂), and 

electrocardiogram (ECG) was performed. Invasive blood 

pressure (IBP) was measured via radial artery cannulation 

under local anesthesia. Groups C, EK1, and EK2 all 

received intravenous rapid induction with sufentanil 0.4–

0.5 µg/kg, propofol 1.5–2.0 mg/kg, and rocuronium 0.9 

mg/kg. A double-lumen endotracheal tube was inserted 

orally under direct vision, and its position was confirmed 

with a fiberoptic bronchoscope. 

After confirming the tube position, mechanical 

ventilation was connected. In the EK1 group, 0.25 mg/kg 

esketamine was administered intravenously, followed by a 

10 mL/h infusion of normal saline. In the EK2 group, after 

bolus administration of the same volume of normal saline, 

esketamine was infused at 0.125 mg·kg-1·h-1 for 2 hours. 

The C group did not receive esketamine. During surgery, 

IBP, HR, SpO₂, ECG, and BIS were monitored, 

maintaining BIS values between 40 and 60, with 

adjustments to anesthesia depth based on BIS values. After 

positioning the patient in a lateral decubitus position, 

ultrasound-guided intercostal nerve blocks were 

performed at the incision site with 0.375% ropivacaine, 

totaling 25 mL. Anesthesia was maintained with 

intravenous infusion of propofol 4–8 mg·kg-1·h-1 and 

remifentanil 0.1 – 0.2 µg·kg-1·min-1 for analgesia, with 

intermittent intravenous boluses of rocuronium 0.3 mg/kg. 

At the end of the surgery, propofol and remifentanil 

infusions were stopped, and ketorolac 30 mg was 

administered intravenously. Postoperative analgesia was 

managed with a patient-controlled analgesia (PCA) pump, 

containing sufentanil 2 µg/kg + tropisetron 5 mg, with a 

total volume of 100 mL and an infusion rate of 2 mL/h. If 

the postoperative NRS pain score was ≥4, rescue analgesia 

with dexmedetomidine 5 mg was administered 

intravenously. 

 

1.4 Observation indicators 
 

(1) NRS pain scores at 6, 12, 24, and 48 hours 

postoperatively. 

(2) Hemodynamic indicators: systolic blood pressure 

(SBP), diastolic blood pressure (DBP), mean arterial 

pressure (MAP), and HR at skin incision (T1), 30 minutes 

(T2), 60 minutes (T3), and 90 minutes (T5) during surgery. 

(3) Blood gas indicators: oxygen partial pressure 

(PaO₂), carbon dioxide partial pressure (PaCO₂), lactate 

levels, and blood glucose levels before surgery (T0), at 60 

minutes of single-lung ventilation (T4), and 30 minutes 

postoperatively (T6). 

(4) Rescue analgesia: the time of the first PCA pump 

activation for each group, the number of rescue analgesia 

instances within 48 hours, and total dexmedetomidine 

dosage. 

(5) Recovery time and extubation time. 

(6) Adverse reactions: the incidence of delirium, 

nausea and vomiting, agitation, and delayed recovery 

within 48 hours postoperatively for each group. 

 

1.5 Statistical methods 
 

Data were analyzed using SPSS 27.0 software. For 

quantitative data, normality was tested using the S-W test. 

Data with normal distribution were expressed as 𝑥̅±s, and 

between-group comparisons were performed using one-

way ANOVA. Repeated measures data were analyzed 

using repeated measures ANOVA. Non-normally 

distributed data are expressed as M (Q1, Q3), and between-

group comparisons were made using the rank sum test. 

Categorical data are presented as case (%), with between-

group comparisons performed using the chi-square test. A 

P-value < 0.05 was considered statistically significant. 

 

2 Results 
 

2.1 General characteristics 
 

In this study, one patient was excluded from the EK1 

group due to surgery time > 3 hours, and two patients were 

excluded from the EK2 group due to conversion to open 

surgery. There was no statistically significant difference in 

age, gender, height, weight, BMI, anesthesia time, and 

surgery time among the three groups (P > 0.05). See Table 

1. 

Tab. 1 Comparison of general conditions among three groups 

（𝑥̅±s） 

Indicator 
EK1 group 

（n＝29） 

EK2 group 

（n＝28） 

C group 

（n＝30） 
F/2  P  

Age(year) 49.03±5.08 52.11±5.59 51.63±6.47 2.384 0.098 

Male/female 16/ 13 14/14 14/16 0.432 0.806 

Height(cm) 168.21±7.17 168.04±6.45 168.63±5.95 0.065 0.937 

Weight (kg) 66.48±8.69 66.82±7.55 65.60±9.52 0.155 0.856 

BMI

（kg/m²） 
23.38±1.84 23.61±2.28 22.93±2.52 0.687 0.506 

Analgesia 

time(min) 
181.10±10.16 185.04±6.10 183.80±9.09 1.482 0.233 

Operative 

time (min) 
132.55±8.99 136.50±6.76 134.57±10.16 1.330 0.270 

 

2.2 NRS Pain scores 
 

Postoperative NRS pain scores at 6, 12, 24, and 48 

hours were: EK1 group: 1.69 ± 0.47, 2.38 ± 0.56, 3.10 ± 

0.31, 2.93 ± 0.26; EK2 group: 1.57 ± 0.63, 2.43 ± 0.63, 

3.04 ± 0.43, 2.93 ± 0.26; C group: 2.07 ± 0.58, 3.00 ± 0.83, 

3.70 ± 1.21, 3.33 ± 0.71. Differences in NRS scores at 

different time points were statistically significant (F = 

105.774, P < 0.05), with peak pain occurring at 24 hours 
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postoperatively in all groups. There were statistically 

significant differences in NRS scores among the three 

groups (F = 20.490, P < 0.05). Esketamine groups (EK1 

and EK2) had lower NRS scores at each time point 

compared to the C group (P < 0.05), with no significant 

difference between EK1 and EK2 groups (P > 0.05). 

 

2.3 Hemodynamic indicators 
 

There were statistically significant differences in DBP 

and MAP at different time points (T1, T2, T3, T5) (P < 

0.05). However, there were no statistically significant 

differences in hemodynamic indicators among the three 

groups (P > 0.05). See Table 2. 

 

Tab. 2 Comparison of hemodynamic indicators among three 

groups （𝑥̅±s） 

Group 
SBP 

(mmHg) 

DBP 

(mmHg) 

MAP 

(mmHg) 

HR 

(/min) 

EK1 group 

 T1 

 T2 

 T3 

 T5 

    

112.48±4.70 

112.31±4.48 

111.93±4.56 

110.76±3.97 

74.07±1.96 

70.07±4.17 

69.28±3.05 

68.21±2.85 

86.87±2.50 

84.15±3.97 

83.49±2.67 

82.38±2.89 

70.52±4.76 

69.55±3.79 

68.07±4.26 

70.31±3.88 

EK2 group 

T1 

T2 

T3 

T5 

    

113.82±5.22 

111.07±3.77 

111.25±3.59 

112.57±5.02 

74.39±4.68 

67.68±3.15 

71.00±4.33 

68.89±5.81 

87.54±4.72 

82.14±2.77 

84.42±3.31 

83.43±5.32 

70.96±3.65 

67.96±4.05 

70.50±3.85 

68.82±4.07 

C group 

T1 

T2 

T3 

T5 

    

109.93±2.12 

112.10±5.17 

111.87±4.52 

112.20±4.44 

71.93±2.61 

68.70±5.66 

68.80±5.62 

70.63±4.26 

84.60±1.64 

83.17±5.22 

83.16±3.97 

84.40±4.12 

68.17±3.23 

68.13±4.07 

68.70±3.63 

68.13±4.20 

F /Ptime 

F /Pgroup  

F /Pinteraction  

0.126/0.944 

0.595/0.554 

2.596/0.019 

27.118/<0.001 

0.282/0.755 

3.885/0.002 

15.075/<0.001 

0.464/0.631 

3.483/0.004 

1.500/0.227 

1.606/0.207 

0.874/0.477 

 

 

2.4 Blood gas indicators 
 

There were statistically significant differences in 

PaO₂, PaCO₂, blood glucose levels at different time points 

(T0, T4, T6) (P < 0.05). However, there were no 

statistically significant differences in blood gas indicators 

among the three groups (P > 0.05). See Table 3. 

 

2.5 Rescue analgesia 
 

The number of cases requiring rescue analgesia 

within 48 hours postoperatively were 2, 3, and 13 for EK1, 

EK2, and C groups, respectively. The rescue analgesia rate 

and total dosage of dexmedetomidine were lower in the 

esketamine groups (EK1 and EK2) compared to the C 

group (P < 0.05), and the time of first PCA pump activation 

was later in the esketamine groups (P < 0.05). However, 

there were no statistically significant differences between 

EK1 and EK2 groups (P > 0.05). See Table 4. 

 

2.6 Recovery Time, Extubation Time, and Adverse 

Reaction Incidence 

 
There was no statistically significant difference in the 

awakening time, extubation time, and incidence of 

postoperative adverse reactions among the three groups 

(P>0.05). See Table 5. 

 

Tab. 3 Comparison of blood gas indicators among three groups  

(𝑥̅±s) 

Group 
PaO2

（mmHg） 

PaCO2

（mmHg） 

Lactate

（mmo/L） 

Blood glucose

（mmo/L） 

EK1 group 

T0 

T4 

T6 

    

92.89±4.03 

196.48±8.94 

194.29±21.52 

42.81±3.14 

48.32±2.59 

47.95±2.62 

0.43±0.57 

0.48±0.55 

0.29±0.48 

5.95±0.98 

5.59±0.51 

5.32±0.36 

EK2 group 

T0 

T4 

T6 

    

92.88±4.13 

196.18±7.66 

200.71±8.66 

41.95±3.42 

48.29±1.63 

46.68±2.87 

0.21±0.46 

0.25±0.49 

0.32±0.51 

5.78±0.92 

5.82±0.48 

5.38±0.28 

C group 

T0 

T4 

T6 

    

91.28±7.20 

195.23±8.59 

194.52±11.30 

42.83±3.14 

47.99±2.24 

46.49±3.05 

0.25±0.46 

0.26±0.49 

0.27±0.49 

5.94±0.73 

6.12±0.43 

5.47±0.24 

F /Ptime 

F /Pgroup  

F /Pinteraction 

3192/<0.001 

1.556/0.217 

1.138/0.337 

103.394/<0.001 

1.524/0.224 

0.921/0.453 

0.164/0.849 

2.054/0.135 

0.722/0.578 

20.696/<0.001 

2.898/0.061 

1.991/0.115 

 

Tab. 4 Comparison of remedial analgesia among three 

groups 

Group 
Rescue analgesia 

 [case（%）] 

 Time of first PCA 

pump [M（Q1,Q3）] 

 Dexmedetomidine 

use[M（Q1,Q3）] 

EK1 group 2（6.9）a 13（12，14）a 0（0，0）a 

EK2 group 3（10.7）a 13（12，15）a 0（0，0）a 

C group 13（43.3） 10（9，12） 0（0，5） 

2 value 14.434 18.225 15.311 

P value 0.001 ＜0.001 ＜0.001 
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Tab.5 Comparison of awakening time, extubation time, and incidence of adverse reactions among three groups 

Group n 

Awakening time（min,𝒙̅±S） Extubation time 

（min,𝒙̅±S） 

Adverse Reactions（case） 

Delirium Nausea and vomiting Agitation Delayed recovery Total [case(%)] 

EK1 group 29 8.55±0.95 9.97±1.12 0 1 1 1 3（10.34） 

EK2 group 28 9.07±1.12 10.00±1.31 1 1 1 1 4（14.29） 

C group 30 8.57±0.68 9.43±0.94 2 2 1 1 6（20.00） 

F/
2
 value  2.891 2.348     1.096 

P value  0.061 0.102     0.578 

 

3 Discussion 
 

Although thoracic surgery has rapidly advanced 

towards minimally invasive techniques, postoperative pain 

remains significant. Severe postoperative pain can lead to 

complications such as pulmonary infections, atelectasis, 

hypoxemia, and postoperative delirium. Poor control of 

acute postoperative pain may even develop into chronic 

pain syndrome following thoracic surgery [1]. Therefore, 

effective and rational pain management after 

thoracoscopic surgery is crucial. Compared to ketamine, 

esketamine has a faster onset, quicker elimination, and 

stronger analgesic capabilities [2]. It also has milder 

psychoactive effects and fewer extrapyramidal reactions 

[3]. Previous studies have shown that administering 

esketamine before and during surgery can effectively 

alleviate acute postoperative pain [4]. However, there is 

limited clinical research on the use of esketamine in 

thoracic surgery, and the optimal drug dosage and 

administration methods are not yet clear. 

According to widely accepted standards, the 

observation period for preventive analgesic effects should 

exceed 5.5 drug half-lives [5]. The half-life of low-dose 

intravenous esketamine is 186 minutes, and that of 

continuous intravenous infusion is 79 minutes. Therefore, 

appropriate evaluation times for postoperative analgesia 

with esketamine are 17 hours (for low-dose intravenous 

injection) and 7 hours (for continuous intravenous infusion) 

after discontinuation of the drug. Consequently, 

postoperative time points of 6, 12, 24, and 48 hours were 

selected for NRS scoring. 

Studies found that intravenous administration of 

0.125–0.500 mg/kg esketamine during surgery 

significantly relieved pain and reduced anxiety and 

depression in patients with breast and cervical cancers [6-

7]. Liu et al. [8] found that low-dose intravenous infusion 

of esketamine (<0.15 mg·kg-1·h-1) did not increase the risk 

of hallucinations or cognitive impairment. Due to the dose-

dependent nature of esketamine's side effects, this study 

chose sub-anesthetic doses of esketamine, divided into 

0.25 mg/kg intravenous bolus and 0.125 mg•kg^-1•h^-1 

continuous intravenous infusion. 

The study found that the esketamine groups (EK1 and 

EK2) had lower postoperative NRS scores, fewer rescue 

analgesia requirements, and reduced doses of dezocine 

compared to the control group, indicating that 

intraoperative esketamine reduced acute postoperative 

pain in patients undergoing thoracoscopic lung surgery. 

However, the different administration methods of 

esketamine did not show a significant effect on these 

outcomes. The study also found that esketamine could 

prolong the time to the first use of the patient-controlled 

analgesia pump after surgery. This mechanism may be 

related to the failure time of intercostal nerve block, 

although whether esketamine extends the duration of 

intercostal nerve block was not addressed in this study. 

Future research with larger sample sizes could further 

investigate this. 

The mechanism by which esketamine reduces acute 

postoperative pain may include: esketamine inhibits 

NMDA receptors while promoting the release of 

endogenous opioid peptides, activating μ, δ, and κ opioid 

receptors to inhibit monoaminergic neurons [9]; it 

obstructs pain ascending pathways, reduces Ca2+ release, 

and increases cyclic adenosine monophosphate levels [10]; 

it also influences leukocyte-related immune responses by 

inhibiting neutrophil chemotaxis and superoxide 

compound formation [10], reducing pro-inflammatory 

cytokines such as IL-6 and IL-1β, thereby exerting anti-

inflammatory effects and reducing stress responses [11-12]; 

esketamine can also lower NMDA receptor activity [13], 

reduce central sensitization, increase pain thresholds, and 

diminish pain hypersensitivity caused by anesthetic drugs 

[14], thereby effectively suppressing postoperative stress 

responses. While opioids are widely used for postoperative 

pain management, their adverse effects warrant attention 

[15]. Esketamine, by non-competitively inhibiting NMDA 

receptors in both central and peripheral nervous systems, 

can reduce hypersensitivity and central sensitization, 

decrease opioid usage during and after surgery, and lower 

the incidence of pain sensitization [16]. 

Research has shown that esketamine has mild 

sympathomimetic effects, partially counteracting the 

vasodilatory effects of propofol, stabilizing hemodynamic 

trends [17-18]. It can also cause catecholamine release, 

inhibit norepinephrine reuptake, and activate the 

sympathetic nervous system, leading to cardiovascular 

stimulation, elevated blood pressure, and increased heart 

rate. Even at low doses, esketamine stimulates the 

cardiovascular system, increasing cardiac workload and 

myocardial oxygen consumption. In this study, no 

significant hemodynamic differences were observed 

among the three groups. Esketamine groups (EK1 and EK2) 

did not experience severe hypertension or tachycardia 
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requiring intervention, indicating that sub-anesthetic doses 

of esketamine administered either as a bolus or continuous 

infusion did not cause significant hemodynamic 

fluctuations, maintaining relatively stable vital signs. The 

blood gas analysis results showed no statistically 

significant differences in blood gas parameters among the 

three groups, possibly due to insufficient sample size. 

Future studies with larger samples could further investigate 

this. 

Esketamine has a higher demethylation capacity and 

a 22% higher clearance rate compared to the left-handed 

enantiomer of ketamine, resulting in faster overall 

recovery times [19]. In this study, there were no differences 

in recovery or extubation times among the three groups, 

indicating that sub-anesthetic doses of esketamine do not 

prolong recovery or extubation times. Multiple studies 

have confirmed that esketamine does not increase the 

incidence of delirium, nausea, or vomiting [20]. This study 

also confirmed that sub-anesthetic doses of esketamine 

administered either as a bolus or continuous infusion did 

not increase postoperative adverse reactions. 

In conclusion, administering sub-anesthetic doses of 

esketamine during thoracoscopic lung surgery, whether as 

a single intravenous bolus or continuous intravenous 

infusion, effectively reduces acute postoperative pain, 

prolongs the time to the first use of the patient-controlled 

analgesia pump, and decreases the need for rescue 

analgesia. Both administration method did not increase the 

incidence of postoperative adverse reactions and are 

relatively safe. A single preoperative intravenous injection 

of esketamine is more straightforward and avoids concerns 

about delayed recovery, making it more recommended for 

pain management in thoracoscopic lung surgeries. 
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