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Abstract 

Purpose  The current study was designed to investigate the analgesic effect of esketamine on patients underwent 
thoracoscopic surgery and the underlying mechanism.

Methods  In this randomized, double blind, placebo-controlled study, 60 patients scheduled to undergo thora‑
coscopic lobectomy or segmentectomy were randomized to two groups to receive esketamine (group ESK) 
or saline (group SAL), respectively. 0.25 mg·kg−1 esketamine was given in group ESK for induction of anesthesia, 
and 0.12 mg·kg−1·h−1 esketamine for intraoperative maintenance. Group SAL received an equal volume of saline. 
The primary outcomes were the visual analogue scale (VAS) pain scores at rest and deep cough state which evalu‑
ated at departure from post-anesthesia care unit (PACU) (T1), 6 h, 24 h and 48 h after surgery (T2–T4). The secondary 
outcomes included the levels of white blood cell (WBC) count, absolute neutrophil count (ANC), interleukin-6 (IL-6), 
procalcitonin (PCT), anxiety/depression scores at T3, oxygen saturation (SpO2), and adverse reactions.

Results  Esketamine significantly decreased both rest and cough VAS pain scores at T1, and rest pain scores at T1, 
T2 and T4. Patients in ESK group had significantly lower WBC and ANC levels than SAL group, while the alteration 
of IL-6 and PCT levels between groups showed no significance. The anxiety scores of patients in both groups were 
significantly decreased after surgery. However, the depression scores of patients in ESK group did not decrease 
after surgery when compared with the preoperation. The postoperative SpO2 and the incidence of adverse reac‑
tion including postoperative nausea, vomiting, dizziness and dissociative symptom showed no significant difference 
between two groups (p > 0.05).

Conclusion  Esketamine can alleviate the acute postoperative pain of patients undergoing thoracoscopic surgery 
without increasing adverse reactions, and the underlying mechanism may be associated with the reduction of post‑
operative inflammation.

Trial registration  Registered at Chinese Clinical Trial Registry on February 7, 2022 (ChiCTR 2200056524).
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Graphical Abstract

1  Introduction
Video-assisted thoracic surgery (VATS) is the primary 
and minimally invasive therapy for thoracic tumors in 
clinical practice. However, VATS still induces moderate 
to severe postoperative pain in patients as a result of inci-
sion damage, tissue traction or drainage tube stimulus [1, 
2]. Invasive operation often induces inflammatory cas-
cade, which leads to enhanced and prolonged postopera-
tive pain. Moreover, chronic inflammatory stimulation 
can decrease excitation threshold of nociceptive nerve 
endings, resulting in hyperalgesia and even spontaneous 
pain in corresponding areas  [3]. Epidural or para-verte-
bral nerve block, as the gold standard for thoracic analge-
sia, has strict application restrictions and a certain rate of 
failure. Perioperative application of opioids may induce 
critical adverse effects including respiratory depression 
or atelectasis, which could be profoundly unbeneficial for 
patients after VATS. Thus, it has become a critical issue 
to find a safe and convenient resolution to alleviate post-
operative pain in patients undergoing VATS.

Esketamine (S-ketamine) is the dextral isomer of 
ketamine and provides favorable sedation, analgesia 
and anti-anxiety effects. Previous studies suggest that 
the esketamine has a stronger affinity for N-methyl-D-
aspartate receptor (NMDAR) and its analgesic efficacy 
is twice as effective as ketamine, while its adverse reac-
tions especially the dissociative and psychotomimetic 
side effects are still argument. It has been also reported 
that the analgesic effects of ketamine was mediated by 
inhibiting the production of inflammatory factors such as 
interleukin- 6 (IL-6) and tumor necrosis factor-α (TNF-
α) [4]. However, there lacks relevant studies as regard to 
the analgesic effect of esketamine in patients undergoing 
thoracoscopic lobectomy.

To determine whether intraoperative administration of 
low-dose esketamine relieves postoperative pain in pat-
ents following thoracoscopic surgery and whether the 
analgesic effect is associated with its anti-inflammatory 
effect, we conducted this randomised, double blind, pla-
cebo-controlled study.
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2 � Methods
This trial has been registered at Chinese Clinical 
Trial Registry (ChiCTR 2200056524) and approved 
by the ethics committee of the first affiliated hospital 
of nanjing medical university (2021-SR-281). Written 
informed consent was obtained from all participants 
before enrollment. All study procedures were con-
ducted according to good clinical practice guide-
lines and adhered to the tenets of the Declaration of 
Helsinki.

2.1 � Subjects
Patients scheduled for thoracoscopic lobectomy 
or segmentectomy under general anesthesia, aged 
18–75  years, American Society of Anesthesiologists 
(ASA) I–III, were enrolled in this study. Exclusion 
criteria included: allergy for used drugs; preexisting 
neurological or psychiatric illnesses; difficulties in coop-
eration; and severe unexpected surgical complications.

2.2 � Study intervention
A total of 60 patients were enrolled in this randomized 
controlled double-blind study. Patient grouping and 
medication preparation were completed by one person. 
Anesthesia implementation and postoperative data col-
lection were completed by two other individuals who 
were not aware of the patient grouping.

Eligible patients were randomized and equally 
divided into esketamine group (ESK group) or saline 
group (SAL group) according to the randomization 
table.

Peripheral vein access of the upper limb of patients 
was established after they entered the operating room, 
and electrocardiogram, invasive (intra-arterial) blood 
pressure (IBP), heart rate and oxygen saturation (SpO2) 
were monitored continuously. Double lung ventilation 
parameters were set as 8 ml·kg−1 of tide volume, 10–14 
breaths/min and I:E = 1:2. During one-lung ventilation, 
tide volume was set 6 ml·kg−1, 12–16 breaths/min and 
I:E  = 1:1.5, maintaining PETCO2 35–45  mmHg, and 
inspired oxygen fraction as needed up to 100%. After 
surgery, patients were sent to PACU and the tracheal 
tube would be removed after consciousness and spon-
taneous breath recovery. When vital signs stabilization 
for more than 15  min under air and modified Aldrete 
sore ≥ 9, the patients were allowed return to ward.

2.2.1 � Drug administration
Patients in ESK group were administrated with esket-
amine at anesthesia induction (0.25  mg·kg−1, i.v.) and 
maintained at the rate of 0.12  mg·kg−1·h−1 until the 
beginning of thoracic closure. SAL group was given the 

same volume of saline. General anesthesia was induced 
with midazolam (0.5 mg·kg−1), etomidate (0.2 mg·kg−1) 
and fentanyl (4  μg·kg−1) and cisatracurium 
(0.15  mg·kg−1) with additional fentanyl of 2  μg·kg−1 
before incision. A double-lumen tracheal catheter was 
inserted under a visual laryngoscope and positioned 
under fibrobronchoscopy. Anesthesia was maintained 
with propofol(2–4  mg·kg−1·h−1), remifentanil (0.1–
0.5 μg·kg−1·h−1), and cisatracurium (0.15 mg·kg−1·h−1). 
Sevoflurane (1%–3%) was adjusted accordingly to main-
tain a stable IBP within 20% of baseline blood pressure 
and bispectral index (40–60).

Endoscopic assisted intercostal nerve block were 
applied in all patients with 0.375% ropivacaine 20  ml 
before suturing the incision. Parecoxib 40 mg was titrated 
intravenously, if postoperative visual analogue scale 
(VAS) > 3. Meanwhile, Dezocine or tramadol was used as 
a rescue measure when the patient was not satisfied with 
the analgesic effect or the VAS score was still greater than 
3.

2.3 � Measurements
VAS (scores from 0 = no pain to 10 = worst pain imagi-
nable) at rest (VAS-R) and cough state (VAS-C) were 
recorded at departure from PACU (T1), 6  h (T2), 24  h 
(T3) and 48  h (T4) after surgery. SpO2 was recorded at 
T0–T4 as assessment of respiratory function. Intrave-
nous blood collection was performed at preoperative 
visit (T0) and T3, and then the white blood cell (WBC), 
absolute neutrophil count (ANC), IL-6 and procalci-
tonin (PCT) were examined at T3 to estimate the sys-
temic inflammatory response. The Hospital Anxiety and 
Depression (HAD) scale (scores from 0 = not anxiety nor 
depression to 18 = severe anxiety and depression) were 
investigated before and 24 h after surgery. Overall satis-
faction with pain therapy was assessed at 8  h after sur-
gery (1 = very satisfied, 2 = satisfied, 3 = unsatisfied, and 
4 = very unsatisfied). Adverse reactions including nausea, 
vomiting, dizziness and psychiatric symptoms (involun-
tary language or body movements) were documented. 
As regard to patients’ recovery, extubation time, PACU 
retention time, chest tube extraction time and discharge 
time were recorded.

2.4 � Data analysis
Statistical analysis was performed using the IBM SPSS 
Statistics 25.0 software. Numerical variables were 
expressed as mean ± standard deviation, and comparisons 
between groups were performed using two independent 
sample T tests or Mann-Whitney test. Categorical vari-
ables were expressed in percentage or number of cases 
and compared by χ2 test or Fisher’s exact test. Repeated 
measurement data were analyzed by repeated measures 
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Analysis of Variance (ANOVA). P-values < 0.05 were con-
sidered statistically significant.

2.5 � Sample size calculation
In this study, we assumed that compared with the SAL 
group, the decrease of average VAS scores in the ESK 
group achieve more than 2 points is defined as clini-
cal significance. According to the preliminary experi-
mental results, the standard deviation of postoperative 
cough VAS score was 1.5 which was evaluated at depar-
ture from PACU. The probability of making class I errors 
should not exceed 1% and the probability of making class 
II errors should not exceed 10%. When the freedom 
of the T-boundary value table was infinite, the bilateral 
t0.01 = 2.5758, t0.1 = 11.6449, the sample size of each 
group was calculated to be 20 cases. Therefore, there 
were 30 patients in each group of this experiment in case 
of dropping during the trial.

3 � Results
Sixty patients were recruited in the study (Fig.  1). Two 
patients were excluded from this study, including one 
patient in ESK group refused postoperative trial and the 

other one in SAL group had severe bronchial residual ter-
minus leakage and chylothorax comorbidly after surgery. 
Therefore, data from 58 patients were analyzed.

3.1 � Patient characteristics and operative data
Patients in two groups had similar demographic and 
health data (Table  1). No difference was found in sur-
gery duration, extubation time and discharge time 
between groups (P > 0.05). However, esketamine effi-
ciently reduced the PACU retention time and chest tube 
extraction time (P < 0.05), which indicated a relatively 
faster recovery of patients. In addition, there were no 
significant differences in the incidence of hypertension, 
hypotension, tachycardia, and bradycardia during the 
operation between groups, which indicates that esketa-
mine did not increase the incidence of hemodynamic 
disturbances.

3.2 � Analgesic effect of esketamine
Patients in ESK group had lower VAS-R than SAL 
group at all time points, and the difference was statis-
tically significant at T1, T2 and T4 (P < 0.05) (Fig. 2A). 
In cough state, VAS-C of ESK group was significantly 

Fig. 1  The flow diagram of this study
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lower than that of SAL group at T1 (P < 0.05), but there 
was no statistical significance at other time points 
(Fig. 2B).

The number of patients using decocine as a rescue 
analgesic measure after surgery in ESK group was sig-
nificantly lower than that in SAL group (P < 0.05), while 
there was no statistical difference in the number of 

patients using tramadol or paricoxib between the two 
groups (P > 0.05) (Table 2).

3.3 � Effect of esketamine on respiratory function
The preoperative and postoperative SpO2 had no 
meaningful difference between two groups (P < 0.05) 
(Fig. 3), and SpO2 declined significantly after surgery in 

Table 1  Demographics and clinical characteristics

Data are provided as means ± standard deviation or percent (numbers). P value represents two-tailed unpaired value or Fisher’s exact test with two-tailed P value
* P < 0.05
a MA: Cardiovascular accident

SAL group (n = 29) ESK group (n = 29) P-value

Ages (years) 58.34 ± 9.14 58.83 ± 10.94 0.182

Gender (M/F) 10/13 6/23 0.379

Height (cm) 163.71 ± 7.10 162.07 ± 7.49 0.874

Weight (kg) 65.86 ± 11.37 63.62 ± 9.62 0.123

Hypertension (%) 27.59% (8) 20.69% (6) 0.76

Diabetes (%) 6.90% (2) 10.34% (3) 0.22

History of MAa 17.24% (5) 6.90% (2) 0.423

Types of surgery

  Lobectomy 18 18 0.292

  Segmentectomy 11 11 0.429

Intraoperative data

  Duration of surgery (min) 104.69 ± 30.3 104.40 ± 28.35 0.373

  Hypertension 44.83%(13) 37.93%(11) 0.790

  Hypotension 55.17%(16) 48.28%(14) 0.793

  Tachycardia 6.90%(2) 10.34%(3) 0.999

  Bradycardia 3.45%(1) 0 0.999

Postoperative data

  Extubation time (min) 34.28 ± 15.59 25.34 ± 14.97 0.672

  Length of stay in PACU (min) 39.14 ± 9.69 36.90 ± 13.22 0.023*

  Extubation time of thoracic tube (d) 2.42 ± 2.63 1.96 ± 0.52 0.019*

  Discharge time (d) 4.12 ± 2.77 3.37 ± 0.84 0.186

Fig. 2  VAS score of patients at different time points after operation in two groups. A VAS-R: the VAS scores of patients at rest. B VAS-C: the VAS 
scores of patients at deep cough. Compared with ESK group, *P < 0.05. The date was expressed as mean ± SD and analyzed by repeated measures 
ANOVA or T tests
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both groups. This result indicates that, unlike opioids, 
esketamine does not inhibit postoperative respiratory 
competence.

3.4 � Effect of esketamine on systematic inflammation
At T0, two groups showed equivalent pre-operative 
WBC and ANC levels (P > 0.05) (Fig.  4A, B). Compared 
with T0, WBC and ANC levels at T3 increased signifi-
cantly in both groups. Meanwhile, patiens in ESK group 
had significantly lower WBC and ANC levels at T3 when 
compared with SAL group (P < 0.05). However, the differ-
ence of IL-6 and PCT levels in two groups had no statis-
tic significance at T3 (Fig. 4C, D).

3.5 � Anti‑anxiety and anti‑depression effect of esketamine
Patients had close anxiety and depression level before 
surgery (Fig.  5). The HAD anxiety scores of patients in 
both groups decreased significantly 24  h after surgery 
when compared to the preoperative, but had no signifi-
cant diffference between two groups. Likewise, the HAD 
depression scores in SAL group decreased significantly 
after surgery. However, the depression score of patients 
in ESK group was higher than the SAL groups at T3, with 

no significant difference with preoperative depression 
score.

3.6 � Overall satisfaction of patients
The overall satisfied percent (very satisfied + satisfied) 
had no statistical difference between the two groups 
(Table 3). However, the percent of very satisfied patients 
in the ESK group was significantly higher than the SAL 
group (P < 0.05).

3.7 � Adverse reaction
No significant difference was found in the incidence of 
adverse reactions including postoperative nausea, vom-
iting, dizziness, and psychotic dissociation symptoms 
in the two groups (P > 0.05) (Table  4), which further 
confirmed the safety of clinical use of esketamine for 
analgesia.

4 � Discussion
Postoperative acute pain can increase complications such 
as respiratory inhibition, pulmonary infection and even 
chronic pain, which delaying the enhanced recovery after 
surgery [5]. Opioids are commonly used in clinic to relief 
postoperative pain, but it also accompanied with some 
unexpected adverse effects including respiratory depres-
sion, nausea and vomiting, constipation, itchiness and 
vertigo. It has been reported that the noncompetitive 
NMDAR antagonist ketamine can increase the analgesic 
efficacy of opioids and inhibit the transformation from 
acute pain to chronic pain [6]. However, the side effects 
of ketamine, for example hallucinations, dizziness, nau-
sea, nightmares, blurred vision and others [7], also lead 
clinicians to be more cautious when using it. Recent 

Table 2  The number of patients receiving rescue analgesics

Data are provided as number of cases. P value represents by χ2 test or Fisher’s 
exact test
* P < 0.05

SAL group (n = 29) ESK group (n = 29) P-value

Parecoxib 15 15 1

Dezocine 16 7 0.016*

Tramadol 7 4 0.315

Fig. 3  The SpO2 alteration of patients in two groups. Compared with T0, #P < 0.05. The date was expressed as mean ± SD and analyzed by repeated 
measures ANOVA or T tests
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studies find that esketamine, the dextral isomer of race-
mic ketamine, has a higher affinity for NMDA receptor 
and other receptors, meanwhile, a lower dosage of esket-
amine can achieve same favorable sedative and analgesic 
effects with ketamine [8].

In previous trials, pre-incisional injection of 
esketamine 0.5  mg·kg−1 followed by an infusion of 

0.2  mg·kg−1·h−1 can relieve postoperative pain effec-
tively in traumatic abdominal surgery [9]. Meanwhile, 
ketamine has approved efficiency in alleviating postop-
erative pain up to 72 h in patients of thoracic surgery, 
with initial dosage at 0.5  mg·kg−1 and maintenance at 
0.25 mg·kg−1·h−1 for 48 h [10]. Esketamine is assumed 
to have twice potency than ketamine in analgesia [11], 

Fig. 4  The levels of inflammatory factors, including (A) WBC, (B) ANC, (C) IL-6 and (D) PCT in two groups. Compared with T0, #P < 0.05; Compared 
with ESK group, *P < 0.05. The date was expressed as mean ± SD and analyzed by T tests

Fig. 5  The hospital self-rating anxiety and depression scale, HAD. Compared with T0, #P < 0.05; Compared with ESK group, *P < 0.05. The date 
was expressed as mean ± SD and analyzed by T tests



Page 8 of 10Zhang et al. Anesthesiology and Perioperative Science             (2024) 2:5 

therefore we administrate 0.25  mg·kg−1 esketamine 
at induction with an infusion rate of 0.12  mg·kg−1·h−1 
until the beginning of thoracic closure.

Feltracco et  al. [12] found that the epidural applica-
tion of esketamine can decrease the consumption of 
intraoperative fentanyl and has lower postoperative 
VAS score than epidural ropivacaine. Although keta-
mine has been reported to prevent the transition from 
acute pain to chronic pain  by inhibiting the phospho-
rylation of NMDAR, some studies found no improve-
ment in chronic pain but only acute pain relief with 
perioperative use of ketamine in thoracic surgery [7, 
13]. In present study, we observed significant lower 
VAS-R and VAS-C score in ESK group at the departure 
from PACU, suggesting that esketamine can signifi-
cantly relieve acute pain in patients with thoracic sur-
gery, which is consistent with previous studies. Besides, 
VAS-R in ESK group was also lower than SAL group at 
other time points, and the difference was statistically 
significant at 6 h and 48 h after surgery, indicating that 
postoperative pain in the esketamine group was sig-
nificantly relieved in most of time. The difference in 
VAS-C between the two groups showed no significance 
at other time points other than T1, which may resulted 
from the relatively small dose of esketamine used in our 
study. Nevertheless, some studies reported that intra-
venous ketamine did not reduce postoperative pain 
nor improve pulmonary dysfunction following thoracic 
surgery, which may owe to the low pain scores adjusted 
by the optimized patient-controlled epidural analgesia 
mode [14, 15].

Inflammatory factors can act on nociceptive nerve end-
ings and cause hyperalgesia by reducing the excitation 
threshold of nociceptive receptor on afferent nerves [16, 
17]. After surgical tissue injury, white blood cells increase 
and the release of following cytokines were activated, 
such as IL-6 and TNF-α, which can in turn to regulate 
inflammation and immune response. Hence, WBC is one 
of the indicators to reflect the degree of inflammation in 
the body. In cardio-thoracic surgery, ketamine produces 
analgesia effect by reduce the expression of leukocyte 
surface adhesion molecules CD11b and CD16, and proin-
flammatory factor like IL-6 and TNF-α [18, 19]. In vitro, 
esketamine can inhibit neutrophil activation and reduced 
the production of superoxide anion [20]. Our study indi-
cates that WBC and ANC increased dramatically in both 
groups at 24 h after surgery when compared with the pre-
operation, while the postoperative WBC and ANC in the 
ESK group was significantly lower than the SAL group. 
These results suggest that esketamine partially inhibited 
the postoperative systemic inflammatory response. The 
correlation of reduced VAS score along with lower WBC 
and ANC level in ESK group implies that the pain-reliv-
ing effect of esketamine might due to its influence in alle-
viating inflammation. However, it should be noted that 
this causal relationship needs more evidence.

It was documented that IL-6 can modulate the immune 
response and stimulates neutrophil formation in the 
bone marrow. In present study, mild inflammation in 
patients was detected by the IL-6 level at 24 h after sur-
gery, but there was no statistically significant difference 
between the two groups. This may count on the fact that 
the non-infectious inflammation after thoracic surgery 
was not severe enough and IL-6 could have already been 
largely cleared within 24 h postoperatively. Besides, leu-
kocyte and its downstream inflammatory factors are also 
involved in the body postoperative inflammatory reac-
tions, and further studies are needed to investigate the 
effects of esketamine on the expression of other inflam-
matory factors in thoracic surgery.

Esketamine exerts rapid antidepressant effect at an 
intravenous dose of 0.2 mg·kg−1, and its nasal spray for-
mulation has been approved for clinical use in patients 
with depression [21, 22]. It has also been reported that 
0.25  mg·kg−1 racemic ketamine improve the anxiety 
score of patients with anxiety disorder, and this effect 
can be enhanced with a higher dose of 1.0 mg·kg−1 [23]. 
However, there still lacks solid evidence on the improv-
ing effect of esketamine on anxiety. It’s worth noting 
that a large number of studies suggested the relation-
ship between emotional disorders and inflammatory 
response. For instance, the probability of anxiety or 
depression in patients with inflammatory bowel disease 
is more than 16.4% and 21.6%, respectively [24]. In this 

Table 3  Overall satisfaction of patients

Data are provided as number of cases. P value represents by χ2 test or Fisher’s 
exact test
* P < 0.05

Very satisfied Satisfied Unsatisfied Very 
unsatisfied

SAL group 5 (17.24%) 20 (68.97%) 3 (10.34%) 1 (3.45%)

ESK group 19 (65.52%)* 8 (27.59%) 2 (6.90%) 0 (0%)

Table 4  Adverse reactions

Data are provided as number of cases. P value represents by χ2 test or Fisher’s 
exact test

SAL group 
(n = 29)

ESK group 
(n = 29)

P-value

Nausea 1 3 0.611

Vomiting 3 5 0.706

Dizziness 7 10 0.565

Dissociation 1 3 0.611
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study, the HAD scale was used to evaluate the degree 
of anxiety and depression before and after surgery. Sta-
tistical analysis showed that esketamine did not play an 
obvious anti-anxiety effect. In addition, the postopera-
tive depression score in the esketamine group was sig-
nificantly higher than that in the control group. These 
findings were inconsistent with previous findings, pos-
sibly contribute to the research subjects who were com-
bined with psychiatric disorders or not and the relatively 
larger subjective factors in scale scores evaluation and 
small sample size. However, recent studies from Zarate 
et al. group suggest that antidepressant effects of intrana-
sal esketamine are less potent than intravenous racemic 
ketamine which is consistent with our study, and more 
and more studies document the effective antidepressant 
effect of arketamine [25, 26]. This contradictory research 
findings may be due to the the different routine of drug 
administration or the classification and severity of basic 
psychiatric disorders. This still require more detailed fur-
ther research.

Patients in both groups obtained favorable analgesia 
in general, with relatively high score as regard to satis-
faction with pain therapy. Interestingly, compared with 
SAL group, the number of very satisfied patients in the 
ESK group obviously increased, suggesting that esketa-
mine can significantly improve patients’ postoperative 
satisfaction.

Compared with the preoperative, SpO2 declined sig-
nificantly after operation in both groups, which strongly 
indicated the profound influence of thoracic surgery on 
respiration. Esketamine does not inhibit postoperative 
respiratory competence as we observed a similar SpO2 
after surgery in two groups at all time points.

Previous studies document that the subanesthetic 
S-ketamine can improve short-term depression and pain 
for patients after surgery, and the effects were better than 
with the same dose of racemic ketamine [8, 27]. How-
ever, there are also studies found intravenous racemic 
ketamine demonstrated more significant overall response 
and remission rates of depression, as well as lower drop-
outs due to adverse effects, when compared with intra-
nasal esketamine [25]. These inconsistent research results 
may be due to differences in the underlying diseases of 
the study subjects. In this study, we found no statistical 
differences in nausea, vomiting dizziness and mental sep-
aration disorder between two groups within 2 d after sur-
gery, suggesting esketamine doesn’t increase the adverse 
effects after surgery. Remarkably, the 3 cases with mental 
separation disorder in ESK group all occurs in patients 
older than 70  yr, prompting that the dosage and injec-
tion speed of esketamine should be selected more care-
fully when applied to elder patients. In addition, although 
there is no statistical difference between two groups, we 

noticed larger number of patients with adverse effects in 
ESK group.

In conclusion, intraoperative application of low-
dose esketamine added to general anesthesia regimen 
improves pain relief after thoracoscopic surgery with-
out respiratory depression nor augment in the incidence 
of adverse reactions. Esketamine is an ideal option for 
postoperative analgesia in patients with thoracoscopic 
surgery, and is worth clinical promotion and applica-
tion. Further research is still needed to clarify the opti-
mal application dosage and specific mechanism of the 
esketamine.

5 � Conclusion
Low dosage esketamine improves acute trauma-induced 
pain in patients undergoing thoracoscopic surgery, which 
may be mediated by alleviating the production of WBC 
and ANC, without inhibiting the respiratory function 
and increasing advent reactions.
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