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Abstract: Objective To observe the effects of continuous intravenous infusion of esketamine combined with paravertebral 

nerve block on early postoperative sleep, analgesia, and recovery quality in patients undergoing thoracoscopic lobectomy. 

Methods A total of 76 patients scheduled for elective thoracoscopic lobectomy at Nanjing First Hospital from January 2023 to 

January 2024 were randomly divided into two groups: the control group (C group) and the esketamine group (E group). 

Patients in the E group received intravenous injection of 0.2 mg/kg esketamine during anesthesia induction, followed by a 

continuous infusion of 0.1 mg·kg-1·h-1 esketamine until the end of the surgery. Patients in the C group received an equal volume 

of normal saline. Multichannel sleep monitoring was conducted on the day before surgery, the first day after surgery, and the 

third day after surgery to assess patients' sleep conditions. The Pittsburgh Sleep Quality Index (PSQI) was used to evaluate 

sleep quality on the same days. Visual Analog Scale (VAS) scores were recorded at 2, 6, 12, 24, and 48 hours postoperatively, 

along with patient-controlled intravenous analgesia (PCIA) pressing times and rescue analgesia rates. The Hospital Anxiety and 

Depression Scale (HADS) was used to assess anxiety and depression scores one day before surgery, the first and third days 

after surgery. Recovery quality was assessed using the Quality of Recovery-15 (QoR-15) on the first and third days after 

surgery, and the time of flatus was recorded. Results Compared with the C group, the total sleep time, sleep efficiency index, 

proportion of rapid eye movementwere higher, while PSQI score was lower in the E group on the first and third postoperative 

days (P<0.05). VAS seores at 24 hours and 48 hours after surgery were significantly lower in the E group than those in the C 

group (P<0.05), and the PCIA pressing times at 48 hours postoperatviely were significantly lower than those in the E 

group[(16.2±3.7) times vs ( 13.8±4.3) times, t=2.556, P=0.013]. Compared with the C grup, the HADS-A and HADS-D scores 

were lower, the QoR-15 seores were higher (P<0.05) on the first and third days ater surgery , and the fatus time occurring 

significantly earlier [(18.3±2.1) h vs (17.1±2.0) h, t=2.646, P=0.010] in the E group. Conclusion Intraoperative intravenous 

infusion of esketamine combined with TPVB can improve early postoperative sleep, anxiety, and depression, and promote 

recovery in patients undergoing thoracoscopic lobectomy to a certain extent. 
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Thoracoscopic lobectomy accounts for a large 

proportion of thoracic surgery, and some studies have 
shown that patients undergoing thoracic surgery are prone 
to postoperative sleep disturbances (POSD) [1]. POSD 
refers to changes in the structure and quality of patients' 
sleep after surgery, which are mainly manifested by 
increased wakefulness, shortened rapid eye movement 
(REM) time and sleep fragmentation, etc. POSD may 
exacerbate acute postoperative pain and delay 
postoperative recovery [2-4]. In addition, the anxiety and 
depression that often accompany surgical patients are also 
high-risk factors for developing postoperative sleep and 
postoperative recovery. Postoperative sleep disturbances 
often occur in conjunction with postoperative depression 
[5-7]. Esketamine, the more potent dextro structure of 
ketamine, is a novel N-methyl-D-aspartate (NMDA) 
receptor antagonist, which has been widely used in 
clinical anesthesia. Some studies have shown that 
esketamine can reduce postoperative depressive 

symptoms in breast cancer patients [8]. In addition to its 
antidepressant effects, esketamine has been shown to 
improve sleep disturbances in patients, suggesting a 
potential role in POSD [9-10]. Given these characteristics 
of esketamine, it is of interest whether perioperative 
application of esketamine can improve postoperative 
sleep and postoperative recovery in patients undergoing 
thoracoscopic lobectomy. Therefore, this study intends to 
investigate the effects of intravenous infusion of 
esketamine during thoracoscopic lobectomy on patients' 
postoperative sleep and recovery. 

 
1 Materials and methods 
 
1.1 General data  
 

A total of 76 patients, aged 18-65 years, with body 
mass index (BMI) of 18-25 kg/m2, American Society of 
Anesthesiologists (ASA) Ⅰ-Ⅱ, who underwent 
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thoracoscopic lobectomy from January 2023 to January 
2024 in Nanjing First Hospital were selected.  

Exclusion criteria: Contraindication or allergy to 
esketamine; presence of central nervous system and 
psychiatric disorders; preoperative sleep disorders; 
suffering from sleep apnea syndrome.  

Elimination criteria: Intraoperative change of 
surgical procedure; postoperative admission to intensive 
care unit; reoperation during follow-up; serious 
complications; patient request to withdraw from the 
study.  

All patients were randomly divided into two groups: 
control group (C group) and esketamine group (E group) 
with 38 patients in each group. The study was approved 
by the Ethics Committee of the hospital (Ethics No. 
KY20220825-09). Patients were enrolled after signing an 
informed consent form. 

 
1.2 Sample size calculation  
 

Sample size estimation was conducted using PASS 
15, based on the results of the pre-test, the main outcome 
index was total sleep time (TST) at 1 day postoperatively, 
and the data of two groups were obtained, C group 
(5.2±0.4) h and E group (5.5±0.5) h. Assuming bilateral 
α=0.05 and test efficacy 1-β=0.80, a total of 70 patients 
were required. A total of 78 patients were included, taking 
into account a shedding rate of 10%. 
 
1.3 Methods  

 
After the patients entering the preanesthesia room, 

they were inhaled oxygen and opened the peripheral veins 
of the upper limbs, and routine cardiac monitoring was 
performed. The patients were placed in the lateral 
position to perform the thoracic paravertebral block 
(TPVB), disinfected and toweling was done, and the two 
points of T4 and T6 were selected for the block, and the 
needles were inserted to the paravertebral space by 
ultrasound-guided puncture, and after the withdrawal of 
blood and air, 15 mL of 0.375% ropivacaine 
(AstraZeneca AB, lot number: LBVM) were injected. The 
success of the block was verified by the detection of skin 
warmth and tactile sensation in the corresponding area by 
means of alcohol-infiltrated cotton balls [11]. After 30 
min of observation without adverse effects, the patients 
were admitted to the operating room. Thoracic 
paravertebral nerve block was performed by the same 
experienced anesthesiologist. 

Heart rate (HR), ambulatory blood pressure (ABP), 
electrocardiogram (ECG), oxygen saturation (SpO2) and 
bispectral index (BIS) were routinely monitored after 
admission. Patients in E group were injected 
intravenously with 0.2 mg/kg esketamine (Jiangsu 
Hengrui Pharmaceuticals, batch no. 220922BL) at the 
time of anesthesia induction, followed by continuous 
pumping of 0.1 mg·kg-1·h-1 esketamine until the end of 
the operation. Patients in C group were given an equal 
amount of saline. Anesthesia was induced by intravenous 

injection of sufentanil (Yichang Renfu Pharmaceuticals, 
batch no. AB40101621) 0.4 μg/kg, midazolam (Jiangsu 
Enhua Pharmaceuticals, batch no: TMZ23A01) 0.05 
mg/kg, propofol (Fresenius Kabi Warui Pharmaceuticals, 
batch no: 16SL9251) 1-2 mg/kg and rocuronium bromide 
(Zhejiang Xianju Pharmaceuticals, batch no: EB1916) 0.6 
mg/kg , double-lumen bronchial intubation was 
performed, and mechanical ventilation was performed to 
maintain the end-expiratory carbon dioxide partial 
pressure of 35-45 mmHg. Anesthesia was maintained by 
intravenous pumping of propofol 2-5 mg·kg-1·h-1, 
remifentanil (Yichang Renfu Pharmaceuticals, lot no: 
20A02131) 8-10 mg·kg-1·h-1, and rocuronium bromide 
0.3 mg/kg intermittently. During the operation, the 
anesthetic dose was regulated according to the BIS value, 
and the BIS value was maintained between 40 and 60. 
The patient's HR and blood pressure were kept within 20% 
of the baseline during the operation. Anesthesia 
maintenance drugs were discontinued at the end of 
surgery and the patient was admitted to the postanesthesia 
care unit (PACU). Aldrete score ≥ 9 was transferred out 
of the PACU and then transferred to a single room. At the 
end of the operation, patient controlled intravenous 
analgesia (PCIA) was performed, formulated as sufentanil 
150 μg + tropisetron 8.96 mg + saline 250 mL, 
continuous infusion of 3 mL/h, self-controlled dose of 5 
mL, locking time of 8 min. If the patient's visual analogue 
scale (VAS) exceeded 4, 50 mg of flurbiprofenate would 
be injected intravenously for remedial analgesia. Surgery 
was performed by the same group of experienced thoracic 
surgeons, and all patients were operated before 4 pm. 

 
1.4 Observation indexes  
 

The anesthesia and adverse reactions of the two 
groups were recored. Polysomnography (Polypro 
YH-2000A, Shanghai Hanfei Medical Instrument) was 
used to monitor patients' sleep 1 d before, 1 d after and 3 
d after surgery. TST, sleep efficiency index (SEI), and 
REM percentage in TST (REM%) were recorded, and 
sleep quality was assessed by using the Pittsburgh sleep 
quality index (PSQI) scale at 1 d before, 1 d after, and 3 d 
after surgery. VAS scores at 2, 6, 12, 24, and 48 h 
postoperatively and the number of PCIA compressions 
and remedial analgesia rate at 48 h postoperatively were 
recorded. Anxiety and depression scores were recorded 
on 1 d before, 1 d after, and 3 d after surgery using the 
Hospital Anxiety and Depression Scale (HADS). The 
HADS scale includes two subscales, HADS-A and 
HADS-D, with higher scores indicating more severe 
symptoms of anxiety or depression. The 15-item Quality 
of Recovery-15 (QoR-15), was performed on 1 d and 3 d 
postoperatively, and the time of the patient's exhaustion 
was recorded. 
 
1.5 Statistical analysis  
 

Statistical analysis was performed using SPSS 22.0. 
Normally distributed measurements were expressed as x
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±s, and two independent samples t-test was used for 
comparison between groups. Skewed distribution 
measurements were expressed as M (IQR), and 
Mann-Whitney U test was used for comparison between 
groups; and χ2 test was used for comparison of counting 
data. Data with multiple measurements (≥3 times) were 
analyzed using ANOVA for repeated measurements and 
LSD-t test for two-by-two comparisons. If the data were 
severely skewed, the Mann-Whitney U test was used for 
between-group comparisons, and Friedman's test was 
used for within-group comparisons. Differences were 
considered statistically significant when P < 0.05. 
 
2 Results 
 
2.1 Comparison of the general conditions of patients 
in the two groups  
 

A total of 78 patients were initially included in this 
study, and 76 patients were finally included due to 
intraoperative change of the surgical method in 2 cases. 

No significant adverse reactions were seen in both groups. 
The differences between the two groups of patients in 
terms of age, gender, BMI, ASA classification, 
single-lung ventilation time, operation time, anesthesia 
time and bleeding volume were not statistically 
significant (P> 0.05). [Table 1] 
 
2.2 Comparison of sleep-related indexes between the 
two groups  

 
There was no statistically significant difference 

between the TST, SEI, REM% and PSQI scores of the 
two groups in the preoperative 1 day. The TST, SEI and 
REM% of the patients in E group were significantly 
higher than those in C group in the 1st and 3rd 
postoperative days (P<0.05). By Friedman test, the 
difference between PSQI scores within groups C and E 
was statistically significant (χ2 =75.510, P<0.001; χ2 
=75.040, P<0.001). The PSQI scores of patients in E 
group were significantly lower than those in C group on 
postoperative days 1 and 3 (P<0.05). [Table 2-3] 

 
Tab.1 Comparison of general data of the two groups of patients (n= 38, x ±s) 

Groups 
Age 

(years) 
Gender 

(case, m/f) 
BMI 

(kg/m2) 
ASA grading 

(case, Ⅰ/Ⅱ) 
Single-lung 

ventilation time(min) 
Surgical 

time (min) 
Anesthesia 
time (min) 

Hemorrhage 
(mL) 

C group 45.7±5.3 14/24 21.2±1.3 13/25 85.9±22.6 97.5±27.0 118.5±31.9 150.5±39.8 
E group 46.8±5.1 12/26 21.1±1.4 11/27 88.1±21.1 99.7±28.2 123.6±36.7 158. 9±35.2 
t/χ2 value 0.956 0.234 0.138 0.244 0.430 0.353 0.644 0.978 
P value 0.342 0.629 0.891 0.622 0.668 0.725 0.522 0.331 

 
Tab.2 Comparison of sleep related indexes between the two groups of patients (n= 38, x ±s) 

Groups 
TST (h) SEI (%) REM% (%) 

Preoperative 
1d  

Postoperative 
1d  

Postoperative 
3d  

Preoperative 
1d  

Postoperative 
1d  

Postoperative 
3d  

Preoperative 
1d  

Postoperative 
1d  

Postoperative 
3d   

C group 6.3±0.8 5.2±0.5a 5.6±0.5a 82.5±5.6 70.3±4.0a 78.1±3.6a 23.1±2.2 16.1±2.0a 18.9±2.1a 
E group 6.3±0.7 5.5±0.5ab 5.8±0.4ab 83.2±5.0 74.6±3.9ab 80.8±4.1ab 22.7±2.3 19.4±1.9ab 20.4±2.1ab 
F/P (group) 8.682/0.004 20.960/<0.001 31.518/<0.001 
F/P (time) 50.373/<0.001 105.476/<0.001 109.082/<0.001 
F/P (interaction) 1.515/0.225 3.050/0.056 14.307/<0.001 

Note:a P<0.05 compared with 1 d preoperatively in this group;b P<0.05 compared with the same time point in C group. 

 
Tab.3 Comparison of PSQI between the two groups in patients 

[n=38, point, M (Q1, Q3)] 
Groups 1 d 

preoperativly 
1 d 

postoperatively 
3 d 

postoperatively 
C group 2 (2, 3) 6 (5, 8) 5 (4, 6) 
E group 3 (2, 3) 5 (4, 6) 4 (3, 4) 
Z value 0.152 3.815 4.075 
P value 0.879 <0.001 <0.001 

 
2.3 Comparison of postoperative VAS scores and 
analgesia-related indexes between the two groups  
 

The difference between the VAS scores of the two 
groups of patients at 4 h and 12 h postoperatively was not 
statistically significant (P>0.05). Compared with C group, 
the VAS scores of patients in E group were significantly 
lower at 24 h and 48 h postoperatively (P<0.05). By 
Friedman's test, the difference in VAS scores within 
groups C and E was statistically significant when 
compared within groups (χ2 =101.853, P<0.001; χ2 

=94.144, P<0.001) [Table 4]. The difference in the rate of 
remedial analgesia at 48 h postoperatively was not 
statistically significant when comparing groups C and E 
[18.4% (7/38) vs 10.5% (4/38), χ2 =0.957, P=0.328]. The 
number of PCIA compressions at 48 h postoperatively 
was lower in C group than in E group and the difference 
was statistically significant [(16.2±3.7) vs (13.8±4.3), 
t=2.556, P=0.013]. 
 
Tab.4 Comparison of postoperative VAS scores between 
the two groups of patients [n=38, point, M (Q1, Q3)] 

Groups 
4 h 

postoperatively 
12 h after 
surgery 

24 h after 
surgery 

48 h after 
surgery 

C group 1 (0, 1) 3 (3, 4) 4 (3, 5) 4 (3, 4) 
E group 0 (0, 1) 3 (2, 4) 4 (3, 4) 3 (3, 3) 

Z value 1.182 1.342 2.465 2.741 
P value 0.237 0.179 0.014 0.006 

 
2.4 Comparison of postoperative recovery-related 
indexes between the two groups  
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There was not significant statistical difference in the 

HADS-A and HADS-D scores of the patients between the 
two groups on the 1 d preoperatively (P>0.05). Compared 
with C group, patients in E group had significantly lower 
HADS-A and HADS-D scores and higher QoR-15 scores 
on postoperative days 1 and 3 (P<0.05). By Friedman's 
test, for HADS-A scores, the difference was statistically 
significant for within-group comparisons in C group (χ2 
=63.762, P<0.001); and within-group comparisons in E 

group (χ2 =68.709, P<0.001). For HADS-D scores, the 
difference was statistically significant for within-group 
comparisons in C group (χ2 =26.000, P<0.001). The 
difference within E group was statistically significant for 
intra-group comparison (χ2 =69.378, P<0.001) [Table 5]. 
The postoperative venting time of C group was earlier 
than that of E group, and the difference was statistically 
significant [(18.3±2.1)h vs (17.1±2.0)h, t=2.646, 
P=0.010] . 

 
Tab.5 Comparison of the indexes related to postoperative recovery between the two groups [n=38, point, M(IQR)] 

Groups 
QoR-15 HADS-A HADS-D 

1 d 
postoperatively 

3 d 
 postoperatively 

1 d  
preoperative 

1 d 
postoperatively 

3 d 
postoperatively 

1 d  
preoperative 

1 d 
postoperatively 

3 d 
postoperatively 

C group 83 (79, 87) 106 (104, 112) 7(5,8) 6(5,6) 5(4,6) 6(5,8) 6(5,8) 5(4,7) 
E group 86(82,90) 113 (108, 116) 7(6,8) 5(4,5) 4(4,5) 6(5,7) 5(4,6) 4(3,6) 

Z value 2.508 3.155 0.301 3.471 2.719 0.279 2.895 3.538 
P value 0.012 0.002 0.763 0.001 0.007 0.78 0.004 <0.001 

 
3 Discussion 

 
Sleep disorders are a common but easily overlooked 

problem in cancer patients. Sleep can be categorized into 
two major processes, REM and non-rapid eye movement 
(NREM). REM is an active stage in the physiological 
cycle of sleep, which is crucial for brain function 
recovery and emotional health [12]. Surgical trauma, 
general anesthesia, and intraoperative bleeding may be 
important factors that lead to POSD in patients [13-14]. It 
has been suggested that general anesthesia interferes with 
the normal sleep-wake cycle, disrupts melatonin 
metabolism, and affects the biological clock in the 
supraoptic nucleus [15-16]. In addition, the oxidative 
stress caused by surgical trauma may disrupt the 
neuroendocrine system, affect hormone levels and 
immune function, and may cause an inflammatory 
response. Studies have shown that patients undergoing 
video-assisted thoracoscopic surgery are prone to sleep 
disturbances, which are manifested by a reduced 
distribution of each sleep stage and a decrease in sleep 
efficiency [1], which may lead to prolonged recovery and 
increased hospitalization costs. Therefore, it is important 
to improve anesthetic factors to prevent POSD in patients 
and improve the quality of postoperative recovery. 

The results of this study showed that the TST of 
patients in E group was significantly longer than that of C 
group on postoperative days 1 and 3, and the SEI and 
REM% were significantly higher than that of C group. In 
addition, the PSQI scores of patients in E group were 
lower than that of C group on postoperative days 1 and 3. 
It is suggested that intraoperative intravenous continuous 
infusion of esketamine can improve patients' sleep in the 
early postoperative period. It has been shown that 
esketamine can increase the expression of synapse-related 
proteins, promote the activation of related pathways in the 
prefrontal cortex, nourish the nerves and increase the 
synaptic strength in order to increase neuroplasticity, 
activate gene molecules related to the biological clock 
and regulate the circadian rhythms, thus improving the 
quality of sleep [17-18]. Therefore, the beneficial effects 

of Eketamine on PSD may be related to the regulation of 
the circadian system. It has been suggested that 
inflammatory responses are involved in the onset of sleep 
deprivation [19]. Ketamine has a unique pleiotropic 
anti-inflammatory effect, which inhibits the release of 
pro-inflammatory factors by inducing anti-inflammatory 
mediators such as adenosine [20], and inhibits leukocyte 
activation and recruitment, and promotes apoptosis of 
inflammatory cells [21-22]. Recent studies have shown 
that esketamine inhibits the release of inflammatory cells 
stimulated by oxygen free radicals and reduces the 
secretion of pro-inflammatory factors by leukocytes, 
thereby reducing the inflammatory response [23-24]. 
These results suggest that the anti-inflammatory effect of 
esketamine may also contribute to its preventive effect on 
POSD. 

A recent study further indicated that perioperative 
use of esketamine in thoracic surgery patients relieves 
early postoperative pain and improves postoperative 
depression [25]. This is consistent with the results of the 
present study, which showed that patients in E group had 
significantly lower VAS scores at 24 h and 48 h 
postoperatively and fewer PCIA compressions at 48 h 
postoperatively compared with C group. The results of 
the present study are consistent with the results of the 
present study. The VAS scores at 4 h and 12 h 
postoperatively and the rate of remedial analgesia at 48 h 
postoperatively were not significantly different between 
the two groups, which may be due to the fact that the 
multimodal analgesic regimen used in the present study 
included thoracic paravertebral nerve block and PCIA, 
which may mask the analgesic effect of esketamine in the 
first 12 h postoperatively. It was demonstrated that 
esketamine relieved patients' anxiety and depression, 
probably because it increased the number and function of 
synapses, activated neurotrophic factors, and induced 
neuroplasticity [17,26]. Similarly, the results of the 
present study showed that patients in E group had 
significantly lower HADS-A and HADS-D scores on 
postoperative days 1 and 3 compared to C group. The 
results of the present study showed that patients in E 
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group had significantly lower HADS-A and HADS-D 
scores on postoperative days 1 and 3. Both pain and sleep 
have an impact on patients' postoperative recovery; 
therefore, improvement of postoperative pain and sleep 
would be beneficial to patients' postoperative recovery. 
The results of this study showed that patients in E group 
had significantly higher QoR-15 scores and decreased 
time to exhaustion on postoperative days 1 and 3 
compared with C group. The results of this study showed 
that patients in E group had significantly lower QoR-15 
scores on postoperative days 1 and 3 compared with C 
group. This suggests that intraoperative intravenous 
infusion of esketamine can improve the quality of 
postoperative recovery in patients undergoing 
thoracoscopic lobectomy. In addition, there are some 
limitations in this study: this study is a single-center study 
with a relatively small sample size, which should be 
further verified by a multicenter study in the future. This 
study only followed up the patients for 3 days after the 
operation, and the long-term effects of esketamine on the 
patients are not yet clear. This study only designed a 
single dose of esketamine, and did not explore the other 
dosages, so whether this dose is the optimal dose still 
needs further Research. 

In conclusion, this study found that intraoperative 
intravenous infusion of esketamine combined with 
thoracic paravertebral nerve block can somewhat improve 
early postoperative sleep, anxiety and depression and 
promote postoperative recovery in patients undergoing 
thoracoscopic lobectomy. 
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