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Background: To evaluate the effect of perioperative subanesthetic dose of esketamine on the postoperative recovery quality in 
patients undergoing laparoscopic gastrointestinal surgery.
Methods: A total of 144 patients undergoing elective surgery for gastrointestinal tumors were selected and randomly assigned to 
either the esketamine group or the control group, with 72 patients in each group. Based on the standardized general anesthesia 
protocols, the esketamine group received an intravenous injection of esketamine at a dose of 0.2 mg/kg during the induction of 
anesthesia and an additional 0.2 mg/kg 30 minutes before the end of the surgery. Patient-controlled intravenous analgesia (PCIA) was 
administered for 48 hours, the esketamine group was treated with sufentanil (0.04 μg/kg/h) combined with esketamine (0.02 mg/kg/h) 
and sufentanil (0.04 μg/kg/h) was used as the control group. The scores of 40-items Quality of Recovery Scale (QoR-40) were 
recorded one day before surgery, one day after surgery, three days after surgery, and five days after surgery. Numerical Rating Scale 
(NRS) pain scores were recorded at postoperative intervals of 6 hours, 24 hours, 36 hours, and 48 hours. Levels of interleukin-6 (IL-6), 
tumor necrosis factor (TNF-α), and brain-derived neurotrophic factor (BDNF) in venous blood were analyzed prior to entering the 
operating room, upon arrival at the recovery room, and on the second postoperative day.
Results: A total of 140 patients completed this study. Compared to the control group, the QoR-40 scores in the esketamine group 
were significantly higher at 1, 3, and 5 days post-surgery (Z = −10.080, Z = −8.178, Z = −4.139, P < 0.05). In addition, the resting 
NRS scores were significantly lower at 6 hours, 24 hours, 36 hours, and 48 hours post-surgery in the esketamine group (Z=−6.322, 
Z=−5.736, Z=−6.563, Z=−5.920, P < 0.05).
Conclusion: This study found that the perioperative use of subanesthetic esketamine improved early postoperative recovery quality 
and reduced postoperative pain levels in patients undergoing laparoscopic gastrointestinal surgery.
Keywords: esketamine, recovery quality, laparoscopic gastrointestinal surgery, pain, anesthesia

Introduction
Gastrointestinal tumor is a common clinical malignant tumor of the digestive system, with an increasing incidence in recent 
years.1 Patients with gastrointestinal tumors are accompanied by anxiety, depression, sleep disorders, pain, and other 
symptoms during the perioperative period, which can trigger a stress response.2 This stress reaction increases the occurrence 
of postoperative adverse events and affects postoperative rehabilitation. In addition, due to preoperative bowel preparation and 
fasting, most patients have suffered insufficient effective blood volume. These concomitant conditions are frequently linked to 
the quality of postoperative recovery.3 As anesthesiologists, we are responsible for ameliorating the postoperative experience 
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of patients by reducing the incidence of postoperative adverse reactions and shortening the recovery time for daily activities. 
Our goal is to improve the overall quality of postoperative recovery of patients.4

The choice of perioperative anesthesia drugs has an important influence on the postoperative recovery of patients.5 

Esketamine is a right-handed isomer of ketamine and n-methyl-D-aspartate (NMDA) receptor antagonist. It is twice as 
potent as ketamine and produces a stronger analgesic effect.6,7 Due to the dose-dependent side effects of ketamine, 
esketamine has a low incidence of adverse reactions.8 In addition, esketamine has a high clearance rate and rapid 
metabolism, which enhances the controllability of anesthesia, allowing patients to wake up more quickly and safely.9 

Recent studies on esketamine in patients with gastrointestinal tumors have focused on conventional indicators of 
recovery, such as fatigue syndrome, emotional response, tumor growth, pain, and subanesthetic doses of ketamine 
have been shown to reduce the production of inflammatory factors and diminish the inflammatory response.10–13 Data to 
assess overall recovery outcomes from the perspective of patients with gastrointestinal tumors is insufficient. The 40- 
items Quality of Recovery Scale (QoR-40) score is a patient-centered measure designed to assess the health status of 
patients following surgery and anesthesia. QoR40 is reliable, effective, and demonstrates high clinical acceptability.14,15

Therefore, this study was designed to investigate the effects of perioperative intravenous administration of low-dose 
esketamine on early recovery quality in patients undergoing laparoscopic gastrointestinal surgery, as well as its impact on 
postoperative inflammatory responses and pain. To establish a patient-centered perioperative anesthesia management 
program for patients with laparoscopic gastrointestinal surgery, with the goals of enhancing the quality of postoperative 
recovery and promoting the recovery process for patients.

Materials and Methods
Study Design and Participants
This prospective, randomized controlled trial has been approved by the Ethics Committee of the Second Hospital of 
Jiaxing (JXEY-2022ZFYJ178). This study complied with the 1964 Helsinki Declaration and its later amendments. The 
study was registered at chictr.org (ChiCTR2300070160). All patients in this study were initiated after the completion of 
clinical trial enrollment, and written informed consent was obtained from all enrolled patients or their guardians for 
participation in this study.

Patients undergoing elective laparoscopic gastrointestinal surgery were selected as the study subjects. Inclusion 
criteria: patients aged from 18 to 75 years, the median age between the two groups is 69.0 vs 69.5, the male/female 
between the two groups was, respectively, 44/26 and 40/30, ASA I–III, gastrointestinal malignancy surgery, no history of 
mental disorders, dementia, or cognitive impairment before surgery, all scores could be completed. Exclusion criteria: 
patients who are unwilling to participate in the study, those with a history of drug contraindications, and individuals who 
are unable to cooperate with the study.

Randomization and Blinding
Using SPSS software (version 21.0, SPSS, Chicago, United States), random numbers were generated in a 1:1 ratio to 
randomize patients into esketamine and control groups. During the study period, patients received either esketamine or 
placebo (0.9% saline) administered by nurses, in accordance with the random number assignment. Patients, clinicians 
(including surgeons and anesthesiologists), as well as all researchers who performed preoperative and postoperative 
assessments and data collection were unaware of the group assignments.

Study Interventions
Esketamine was administered intravenously at a dosage of 0.2 mg/kg during the induction of anesthesia, and again at 
0.2 mg/kg 30 minutes prior to the end of the surgery. PCIA was analgesia for 48 hours, the esketamine group was treated 
with sufentanil (0.04 μg/kg/h) combined with esketamine (0.02 mg/kg/h) and sufentanil (0.04 μg/kg/h) was used for the 
control group.
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Anesthesia Management
After arriving at the operating room, all patients were monitored using noninvasive blood pressure (NIBP), pulse oximetry 
(SpO2), 5-lead electrocardiography (ECG), partial pressure of end-tidal CO2 (PetCO2), and temperature. Additionally, the 
bispectral index (BIS, Aspect, USA) was utilized to measure the depth of sedation. Anesthesia was induced through the 
intravenous administration of esketamine (Jiangsu Hengrui Pharmaceutical Co., LTD., batch number: 230520BL) 0.2 mg/kg, 
sufentanil (Yichang Renfu Pharmaceutical Co., LTD., batch number: 31A101612) 0.4–0.5 μg/kg, Propofol (Beijing Fresenius 
Kabi Medical Co., LTD., batch number: 16SI8685) 1–2 mg/kg, etomidate (Jiangsu Hengrui Pharmaceutical Co., LTD., batch 
number: TYT23J18) 0.2 mg/kg and cisatracurium (Jiangsu Hengrui Pharmaceutical Co., LTD., batch number: 20071411) 
0.2 mg/kg, Endotracheal intubation was performed under using a laryngoscope, and the patient was connected to a ventilator 
with a tidal volume of 6–8 mL/kg. Adjust the breathing rate to maintain the end-expiratory PCO2 at 35–45 mmHg. After 
intubation, 1–2% sevoflurane (Hangzhou MSD Pharmaceutical Co., LTD., batch number: 20101531) was inhaled, propofol 
4–6 mg/kg/h and remifentanil (Yichang Renfu Pharmaceutical Co., LTD., batch number: 30A00401) 0.1–0.3 µg/kg/min were 
injected intravenously to maintain the depth of anesthesia. BIS values were maintained at 40–55. The heart rate and arterial 
blood pressure were maintained within 20% of baseline levels. Nasopharyngeal temperature was maintained ≥36°C. 
Postoperative analgesics were administered for PCIA.

Study Outcomes
The main outcome of this study was the recovery quality scores measured one day before surgery and one, three, and five 
days post-surgery, which were evaluated using the QoR-40 scale. The QoR-40 assesses the overall recovery of patients 
through 40 items across five dimensions; including physical comfort (12 items), physical independence (5 items), pain (7 
items), emotional state (9 items), and psychological support (7 items).16 The higher the score, the better the quality of 
postoperative recovery. The secondary outcome measures were resting NRS pain scores assessed at 6, 24, 36, and 
48 hours post-surgery. The NRS scale utilizes an 11-point system, where “0” indicates no pain and “10” represents the 
worst possible pain. NRS scores are categorized as mild (1–3), moderate (4–6), or severe (7–10).17,18 Rescue analgesia 
was performed when the NRS score was greater than 4. Additionally, changes in perioperative plasma levels of IL-1β, 
IL-6, and BDNF were detected by enzyme-linked immunosorbent assay (ELISA).19

Sample Size Calculation
The sample size was calculated based on the QoR-40 score for the main outcome measure. The small clinically important 
difference (MCID) in the QoR-40 scale was 6.3.16 The sample size was calculated by G*Power 3.1. Based on the 
preliminary study data, the effect size is 0.6. Given a significance set at the level of 0.05, with a 2-sided, power at 90%, 
120 patients were needed, a dropout rate of 15%, the final sample size was determined to be 69 patients each group.

Statistical Analysis
Data were analyzed with the SPSS 21.0 (IBM, SPSS, Inc., Chicago, IL). The normality and homogeneity of data variance 
were confirmed by Shapiro–Wilk and Levene tests, respectively. The levels of plasma IL-6 and TNF-α were analyzed by 
two-way repeated measures ANOVA, with “group” as the between-subject factor and “time” as the within-subject factor, 
and by Mauchly’s Sphericity test. When the assumption of sphericity was violated, the Greenhouse–Geisser correction 
was applied to the repeated measures ANOVA. Bonferroni correction was then used for post hoc pairwise comparisons to 
control for multiple testing. The levels of plasma BDNF were presented as median (interquartile range), and the 
Friedman test was used for comparison at different time points within the group, the Nemenyi test was used for post 
hoc, and the Mann–Whitney test was used for comparison between groups at different time points and Bonferroni 
correction was used for multiple comparisons. Continuous data were expressed as the mean±SD and were analyzed by 
the unpaired, two-tailed t-test for normally distributed data. The recovery quality score and resting NRS score were 
indicated as median (interquartile range) and analyzed using the Mann–Whitney test. Categorical variables were reported 
as number (%) and were analyzed with Pearson’s chi-square test or Fisher’s exact test, as appropriate. P < 0.05 was 
considered statistically significant.
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Results
General Information
From April to August 2023, a total of 144 participants were enrolled and randomized. All of these patients provided 
informed consent, and only 140 were included in the data analysis (Figure 1). The baseline characteristics of patients in 
the two groups were comparable (Table 1). There were no significant differences in age, height, body weight, body mass 
index (BMI), American Society of Anesthesiologists (ASA) grade, type of surgery, duration of surgery, urine volume, 
fluid volume, and blood loss volume (P > 0.05, Table 1).

Occurrence of Adverse Reactions Within 48 Hours After Surgery
The adverse reactions observed within 48 hours after surgery included nightmares/dreaminess, hallucinations, dizziness, 
lethargy, postoperative nausea, and vomiting (PONV). There were no statistically significant differences between the two 
groups (P > 0.05) (Table 2).

Changes in Recovery Quality Score
There were no significant differences in recovery quality scores between the esketamine group and control group one day 
before surgery (Z =−4.270, P > 0.05). The quality of recovery scores were significantly higher in the esketamine group 
compared to the control group on day 1 after surgery (Z =−10.080, P < 0.05), on day 3 after surgery (Z =−8.178, P < 
0.05), and on day 5 after surgery (Z =−4.139, P < 0.05) (Figure 2). The difference of QoR-40 on POD 5 was statistically 
significant, but not clinically significant.

Figure 1 Patient flowchart.
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Changes in Postoperative Pain Intensity
The resting NRS scores of the esketamine group were significantly lower than those of the control group at 6 hours post- 
surgery (Z=−6.322, P < 0.05), at 24 hours post-surgery (Z=−5.736, P < 0.05), at 36 hours post-surgery (Z=−6.563, P < 
0.05), at 48 hours post-surgery (Z=−5.920, P < 0.05) (Figure 3).

Changes in Plasma IL-6, TNF-α, and BDNF During Perioperative Period
Compared to T0, plasma levels of IL-6 and TNF-α in two groups showed an increasing trend at T1 and T2; however, 
there were no significant differences between the two groups at the various time points (P > 0.05) (Figure 4A and B). 
Compared to T0, plasma BDNF levels showed a downward trend at T1; however, there were no significant differences in 
plasma BDNF levels between the two groups at different time points (P > 0.05) (Figure 4C).

Discussion
With advancements in anesthesia safety and surgical techniques, the evaluation of postoperative recovery quality has emerged 
as a major research finding. In this prospective randomized clinical trial, we found that intravenous injection of esketamine at 
a dose of 0.2 mg/kg at the time of anesthesia induction, followed by an additional 0.2 mg/kg administered 30 minutes before 

Table 1 Patient Demographic and Baseline Characteristics

Esketamine (n=70) Control (n=70) t/χ2/Z-value P-value

Age (y) 69.0 (59.75–73.25) 69.5 (61.75–75) −0.586 0.558
Sex, n (%) 0.476 0.49

Male 44 (62.9) 40 (57.1)

Female 26 (37.1) 30 (42.9)
Height (cm) 163.3±8.1 162.6±8.0 −0.447 0.655

Weight (kg) 61.6±10.9 62.1±13.8 −0.396 0.692

BMI (kg/m2) 22.9±2.8 3.0±5.1 −0.021 0.983
ASA class, n (%) 1.704 0.192

II 63 (90) 60 (85.7)
III 7 (10) 10 (14.3)

Type of disease, n (%) 0.991 0.319

Gastric cancer 14 (20) 19 (27)
Colorectal cancer 56 (80) 51 (73)

Surgical duration (min) 239.71±72.306 213.56±67.861 −2.669 0.108

Urine volume (mL) 600 (500–800) 500 (400–625) −2.302 0.221
Blood loss (mL) 30 (20–50) 30 (20–50) −1.047 0.295

Fluid volume (mL) 2500 (2000–2725) 235 (2000–2500) −1.327 0.185

Note: All data are expressed as mean ± SD, frequency (%), and median (first quartile - third quartile). 
Abbreviations: BMI, body mass index; ASA, American Society of Anesthesiologists.

Table 2 Comparison of the Occurrence of Adverse 
Reactions Within 48 h After Surgery Between the Two 
Groups (n=70)

Esketamine Control x2 P

Nightmares 0 (0) 0 (0) – –

Hallucinations 0 (0) 0 (0) – –
Dizziness 2 (2.8) 3 (4.2) 0.000 1.000

Lethargy 4 (5.7) 5 (7.1) 0.000 1.000

PONV 8 (11.4) 7 (10) 0.075 0.785
Total 14 (20.0) 15 (21.4) 0.043 0.835

Note: The data are presented as the number (%).
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the end of surgery, along with an infusion of a combination of esketamine (0.02 mg/kg/h) combined with sufentanil (0.04 μg/ 
kg/h) as PCA during the initial 48 hours after surgery, improved early postoperative quality scores (on POD 1 and 3) in patients 
undergoing laparoscopic gastrointestinal surgery. This finding has important guiding significance for the selection of 
anesthesia methods and drugs in patients undergoing laparoscopic gastrointestinal surgery.

Esketamine, the S (+) isomer of ketamine, has a titer that is twice that of ketamine. Esketamine is an NMDA receptor 
antagonist that primarily exerts its effects through the NMDA receptor, producing both sedative and analgesic effect.20,21 

The esketamine dose chosen for this study was determined based on existing references and the potential adverse effects 
associated with esketamine.22,23

This study found that there were significant differences in postoperative recovery quality scores between the 
esketamine group and the control group, suggesting that the perioperative injection of esketamine could promote early 
postoperative recovery in patients undergoing laparoscopic radical resection of gastrointestinal tumors. Esketamine 
improves postoperative recovery for several reasons. First of all, esketamine has the potential to reduce the intensity 
of acute postoperative pain.24 Ketamine with sub-anesthetic doses improved the quality of recovery after surgery in 
patients with colorectal cancer by providing analgesic effects.11 In addition, Zeng et al revealed that intravenous 
esketamine may lower postoperative pain scores and reduce opioid consumption.25 The results of our study indicated 
that esketamine significantly decreased postoperative resting NRS pain scores at 6, 24, 36, and 48 hours. Second, 

Figure 2 Violin chart of the distribution of perioperative QoR40 scores. PRE1, POD1, POD3, and POD5 respectively represented on the first day before surgery, the 
first day, the third day, and the fifth day after surgery. Data were represented by quartile range, maximum value, and minimum value. *P < 0.05 VS Control group.

Figure 3 Box plots of the distribution of resting NRS pain scores at 6, 24, 36, and 48 hours post-surgery. The data are median, quartile range, and adjacent values. *P < 0.05 
VS Control group.
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esketamine elevates the levels of neurotransmitters, such as dopamine, in the ventral striatum and caudate nucleus. This 
increase stimulates limbic structures, leading to a heightened sense of emotional comfort for patients.26 Jiang et al 
revealed that esketamine can increase the serum concentrations of 5-hydroxytryptamine, dopamine, thereby improving 
postpartum depressive symptoms.27 The change of emotion after operation can significantly impact the rapid recovery 
speed of patients. Myles et al found that the minimum clinically important difference (MCID) in the QoR-40 scale is 
6.3.28 In this study, the intravenous administration of esketamine resulted in an increase of more than 6.3 points in the 
total QoR-40 scores on both day 1 and day 3, suggesting that the intravenous injection of esketamine significantly 
improved early postoperative recovery of patients with laparoscopic radical resection of gastrointestinal tumors, and 
demonstrating its clinical value.

Liu et al revealed that postoperative pain is an important factor affecting patients’ ability to recover quickly after surgery.29 

In this study, the resting NRS scores decreased at various time points post surgery in the esketamine group, indicating that 
perioperative intravenous esketamine may offer effective postoperative analgesia. This is consistent with previous research 
results.30,31 This is likely due to esketamine’s role, as a non-competitive antagonist of the NMDA receptor, which induces 
a sustained blocking effect by shortening the opening time of ion receptor channels, additionally, by decreasing the rate of 
separation from the receptor.32 Furthermore, tissue injury activates NMDA receptors, leading to the production of NO. 
Esketamine reduces the production of NO by inhibiting NO synthase, thereby alleviating inflammatory pain.33

Previous studies have demonstrated that peripheral inflammatory factors increase in tumor patients after surgery, and 
that inhibiting the perioperative peripheral inflammatory response can promote early recovery in these patients.34,35 Wang 
et al revealed that pro-inflammatory cytokines, such as TNF-α and IL-6 are involved in the regeneration of neurons.36 In 

Figure 4 Perioperative Changes in Plasma IL-6 (A), TNF-a (B) and BDNF (C). T0, T1 and T2 represented the time points before anesthesia induction, before leaving the post- 
anesthesia care unit, and the second day after surgery, respectively. The line represents the median, the boxes represent the interquartile range (IQR), whiskers represent the range.
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elderly individuals, the impact of inflammation is more pronounced due to a decline in cellular regenerative capacity. 
Zhang et al showed that serum levels of TNF-α and IL-6 were significantly elevated in patients after the surgery.37 Brain- 
derived neurotrophic factor (BDNF) is a member of the neurotrophic factor family. BDNF is important in neuronal 
development, survival, and the maintenance of the nervous system, and is mainly expressed in the hippocampus and 
cortex. Liu et al38 found that surgical incisions induced learning disorders in mice by inhibiting the BDNF signaling 
pathway in the hippocampus and amygdala. Vignoli et al39 found that the learning consolidation ability of mice decreased 
with the decrease of BDNF level, because BDNF produced by the central nervous system can rapidly pass the blood– 
brain barrier. Therefore, the level of BDNF in plasma can reflect the level of BDNF in brain tissue.40 The present study 
also revealed that there was no statistically significant difference in serum TNF-α, IL-6 and BDNF levels between the 
two groups at different time points after surgery. This is different from previous studies; however, it does not mean that 
esketamine lacks anti-inflammatory effects. It is possible that the inflammatory response induced by the surgery far 
outweighs the anti-inflammatory effects of esketamine. Therefore, further research is needed.

The rational anesthesia program is not only associated with efficacy, but also with occurrence and severity of adverse 
reactions. Many recent studies have found that low-dose ketamine can reduce the incidence of adverse responses.41,42 In this 
study, no significant differences were observed in the occurrence of postoperative dizziness, sleepiness, nausea, vomiting, 
hallucinations, and nightmares between the two groups within 48 hours after surgery. Avidan et al43 have also confirmed that 
the administration of low-dose ketamine does not increase the incidence of postoperative ketamine-related adverse events.

There are several limitations in this study. First, we only observed the effects of esketamine on the quality of recovery 
during the perioperative period, and the postoperative follow-up duration for of patients was relatively short. A previous study 
found a correlation between the quality of recovery and the quality of life three months post-surgery.44 Therefore, the findings 
of this study have certain significance for the long-term health of patients. Secondly, future clinical trials involving other types 
of surgery are necessary to investigate the long-term effects of esketamine on patient recovery. Finally, as a single-center study, 
while this accurately reflects the clinical situation, it may somewhat limit the generalizability of the findings. Therefore, future 
multi-center studies involving various anesthesia protocols are necessary to further validate our findings.

Conclusion
Perioperative subanesthetic doses of esketamine can improve the quality of early postoperative recovery in patients 
undergoing laparoscopic gastrointestinal surgery, reduce postoperative pain scores, and do not increase adverse reactions. 
It is evident that perioperative subanesthetic doses of esketamine can provide a novel, patient-centered approach to 
perioperative anesthesia management.
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