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Background: Comorbid depressive symptoms are prevalent in patients with breast cancer, which adversely impacts postoperative 
recovery outcomes. Esketamine has emerged as a promising intervention for perioperative depression due to its rapid and sustained 
effects. This study aims to investigate the impact of the continuous intravenous infusion of esketamine during the perioperative period 
on postoperative depressive symptoms in breast cancer patients.
Methods: In this randomized, double-blind, controlled trial, 96 female patients aged 18–65 years undergoing unilateral modified radical 
mastectomy were enrolled. Participants were randomly assigned to one of two groups. The esketamine group received 0.5 mg/kg and 0.25 mg/ 
kg/h esketamine and the normal saline group received 5 mL and 0.25 mL/kg/h normal saline during anesthesia induction and maintenance, 
respectively. The primary outcome was the Hamilton Depression Rating Scale (HAMD-17) score on postoperative day 30 (POD-30). 
Secondary outcomes included HAMD-17 scores on POD 1 and 3; self-Rating Depression Scale (SDS) scores on POD 1, 3, and 30; serum 
levels of brain-derived neurotrophic factor (BDNF) and serotonin (5-hydroxytryptamine, 5-HT) after surgery; relative changes in heart rate 
(HR) and mean arterial pressure (MAP) before and after intubation; time to awakening; Visual Analog Scale (VAS) pain scores; and adverse 
events related to esketamine.
Results: The HAMD-17 score on POD-30 was significantly lower in the esketamine group [3.00 (2.08–4.10)] than in the normal 
saline group [5.00 (4.00–6.20)]. Regarding secondary outcomes, HAMD-17 scores on POD 1 and 3 were significantly lower in the 
esketamine group. SDS scores on POD 1, 3, and 30 were also significantly lower in the esketamine group. Compared with the saline 
group, the esketamine group exhibited significantly higher postoperative levels of BDNF and serotonin. Additionally, VAS scores at 
30 minutes after extubation were significantly lower in the esketamine group. There was no significant difference in the incidence of 
adverse reactions between the two groups.
Conclusion: Perioperative continuous administration of esketamine reduces postoperative depression scores in patients undergoing 
breast cancer surgery.
Trial Registration: Chinese Clinical Trial Registry. Identifier: ChiCTR2200061575.
Keywords: esketamine, perioperative period, breast cancer, postoperative depression, brain-derived neurotrophic factor, 
5-hydroxytryptamine, pain

Introduction
Breast cancer remains the most common cancer among women worldwide. In 2022, breast cancer was a leading cause of 
cancer-related death among women, with approximately 2.3 million new cases and 670,000 deaths.1 Advancements in 
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early detection and treatment strategies have increased the relative survival rate and extended the lifespan of breast 
cancer patients in China.2 However, breast cancer patients often face post-surgical challenges, such as body image 
impairment, marital issues, surgical trauma, pain, and psychological stress, which can lead to various psychological 
symptoms. A review of 71 articles published between January 2000 and November 2021 by Javan Biparva et al estimated 
the overall prevalence of depression among breast cancer patients to be 30.2%.3 Depression and anxiety can affect 
physiological functions, treatment adherence, and quality of life of breast cancer patients, and may significantly impact 
the cancer recurrence and mortality of these patients.4 Therefore, in addition to cancer management, the diagnosis and 
treatment should consider reducing physical and psychological stress experienced by these patients.

Recent clinical trials have increasingly demonstrated the rapid antidepressant effects of esketamine (S-ketamine) and 
ketamine (a mixture of R-ketamine and S-ketamine),5,6 which is also effective in patients who are unresponsive to 
traditional antidepressants.7 Previous studies have indicated that ketamine enhances the synthesis, release, and tropo
myosin receptor kinase B (TrkB) activation of brain-derived neurotrophic factor (BDNF),8,9 and that blocking BDNF 
signaling abolishes its antidepressant effects.8 Serotonin (5-hydroxytryptamine, 5-HT) neurotransmission is also involved 
in the rapid antidepressant action of ketamine.10

Furthermore, in vitro studies showed that S-ketamine (such as esketamine) had a four-fold higher affinity for NMDA 
receptors than R-ketamine,11 and could reduce the complications typically associated with R-ketamine, such as psycho
tomimetic effects. Paul et al found that esketamine had fewer side effects while producing similar antidepressant effects 
as ketamine, thus demonstrating better tolerability.12 In 2019, the United States Food and Drug Administration approved 
the use of intranasal esketamine in combination with oral antidepressants for depression treatment.13 It has been already 
shown to have antihyperalgesic effects, providing benefits comparable to those of ketamine.14,15

Previous research on esketamine to prevent post-surgical depression in breast cancer patients has often focused on 
single applications or short-term postoperative depression management.16 Our current randomized controlled prospective 
clinical trial aimed to investigate the impact of a continuous infusion of esketamine on the postoperative severity of 
short-term and long-term depression in breast cancer patients. We aimed to provide appropriate perioperative treatment 
regimens to prevent and treat depressive symptoms after radical mastectomy, ensuring a comfortable and safe perio
perative experience for breast cancer patients.

Methods
Study Design, Participant Selection, and Ethical Approval
This randomized controlled double-blind clinical trial was performed at the Hangzhou First People’s Hospital, affiliated 
with Westlake University School of Medicine, in China, from October 2023 and April 2024. The study protocol was 
approved by the hospital ethics committee in June 2022 (Approval No. IIT-20220502-0068-01). The trial was prospec
tively registered at the Chinese Clinical Trial Registry (www.chictr.org.cn) on June 29, 2022 (Registration No. 
ChiCTR2200061575, https://www.chictr.org.cn/showproj.html?proj=172370). All study participants signed written 
informed consents. This conduct and reporting of this clinical trial adhered to the CONSORT guidelines.

The inclusion criteria were female patients who met the following conditions: 1) aged 18–65 years; 2) scheduled for 
undergo modified radical mastectomy for unilateral breast cancer; 3) had an American Society of Anesthesiologists (ASA) 
classification of I–II; 4) had a body mass index (BMI) of 18–40 kg/m2; 5) provided their fully informed written consent. 
The exclusion criteria were patients who met the following conditions: 1) had a history of mental illnesses such as 
schizophrenia, mania, or other psychiatric disorders; 2) had received psychotropic medication; 3) had uncontrolled high 
blood pressure or elevated intraocular pressure; 4) had other serious systemic diseases (including severe heart, kidney, or 
liver disease); 5) were allergic to the drugs used in this study; 6) receiving opioid medication or experiencing chronic pain.

Randomization and Blinding
Upon obtaining written informed consent, the patients were randomized to an esketamine group or a normal saline group 
at a 1:1 ratio once entering the preoperative waiting area. A random number table was generated using Excel, in which an 
even number designated the esketamine group and an odd number designated the normal saline group.
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This was a double-blind study. One researcher was responsible for the study blinding, including the random number 
table and the preparation of the research medication. One researcher and a research assistant were responsible for 
intraoperative anesthesia management. The evaluators were blinded to the allocation group and were responsible for 
postoperative follow-up, data collection, and statistical analysis. Both the anesthesiologist and the patients remained 
blinded throughout the entire process.

Monitoring
On the day prior to surgery, patients were assessed in the ward using the 17-item Hamilton Depression Rating Scale 
(HAMD-17) and the Self-Rating Depression Scale (SDS). After the patient entered the operating room and during the 
entire anesthesia and surgery process, the heart rate (HR), oxygen saturation (SPO2), blood pressure (BP), and bispectral 
index (BIS) were recorded every 10 minutes. Venous blood samples were collected prior to anesthesia induction to 
determine preoperative serum levels of serotonin (5-HT) and brain-derived neurotrophic factor (BDNF).

Anesthetic Treatment
The trial medication was prepared by the researchers in accordance with the group assignment, diluted it to a specific 
volume with normal saline, and then delivered it to the anesthesiologist.

The anesthesiologist induced anesthesia using 0.05 mg/kg midazolam, 2 mg/kg propofol, 0.2 mg/kg cisatracurium, 
and 0.5 μg/kg sufentanil. In the esketamine group, after the loss of consciousness with anesthesia induction, patients were 
administered 0.5 mg/kg esketamine (diluted to 5 mL with normal saline). During the anesthesia maintenance phase, 
esketamine was administered at a rate of 0.25 mg/kg/h (diluted to 1 mg/mL with normal saline). In the normal saline 
group, after the loss of consciousness with anesthesia induction, patients received 5 mL of normal saline. During the 
anesthesia maintenance phase, normal saline was administered at a rate of 0.25 mL/kg/h. All medications were 
administered by an anesthesiologist who was blinded to group assignment. During the anesthesia maintenance phase, 
intravenous-inhalation combined anesthesia was used. A combination of 3–5 mg/kg/min propofol, 0.1–0.3 μg/kg/min 
remifentanil, and 0.5 MAC sevoflurane were used to maintain the depth of anesthesia based on the target BIS value 
(40–60). Additionally, 0.05 mg/kg cisatracurium and at 0.1 μg/kg sufentanil were administered every 50 minutes. Before 
suturing the skin, 2 mg of tropisetron was administered to prevent postoperative nausea and vomiting (PONV), and then 
sevoflurane and esketamine were discontinued. At the end of the surgery, propofol and remifentanil were discontinued. 
Patients were transferred to the post-anesthesia care unit (PACU) while intubated, where non-invasive blood pressure 
(NIBP), HR, and SpO2 were monitored. PACU nurses recorded extubation time and time of discharge from the operating 
room. Thirty minutes after extubation, the Visual Analog Scale (VAS) score was assessed. Patients were discharged from 
the PACU to the ward only when their Aldrete score reached 9.

All patients were subjected to a standardized postoperative pain management protocol. This included prophylactic 
intravenous administration of 5 µg sufentanil before skin closure to reduce the risk of incident pain. During the postoperative 
period, if a patient’s VAS score reached 4 or higher, additional analgesia was provided using intravenous flurbiprofen axetil at 
a single dose of 50 mg, administered 3–4 times per day, with a maximum total daily dose of 200 mg. Follow-up assessments, 
including relevant depression and pain scales, were conducted on postoperative days 1, 3, and 30.

Outcome Measurements
The primary outcome was depression that was measured with the HAMD-17 assessed on postoperative days 30.

Secondary outcomes included: HAMD-17 scores on postoperative days 1 and 3, and SDS scores on postoperative 
days 1, 3, and 30.

Venous blood samples were collected after surgery. Serum levels of serotonin 5-HT and BDNF were determined using 
enzyme-linked immunosorbent assay (ELISA). All samples were processed in the same laboratory following standar
dized procedures. The same ELISA kits were used for all measurements: human 5-hydroxytryptamine (5-HT) ELISA kit 
(Cat: JL10725; J&L Biological) and human brain derived neurotrophic factor (BDNF) ELISA kit (Cat: JL11683; J&L 
Biological).
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Changes in heart rate (HR) and mean arterial pressure (MAP) before and after tracheal intubation were recorded. To 
account for inter-individual differences in baseline hemodynamic parameters and to better assess hemodynamic tolerance 
to the loading dose, post-induction changes in heart rate and blood pressure were expressed as relative changes from 
baseline. Specifically, the difference between the post-induction and pre-induction values was divided by the pre- 
induction value:

Relative change = (post-induction value − pre-induction value) / pre-induction value
This dimensionless metric reflects the proportionate change from baseline for each parameter. Recovery time was also 

recorded.
In addition, an 11-point VAS scale was used to evaluate the postoperative pain intensity 30 minutes after extubation 

(T3), on postoperative day 1 (T4), and on postoperative day 2 (T5). The perioperative pain management was recorded. 
Adverse events related to esketamine, including psychotomimetic side effects (hallucinations and nightmares), dizziness, 
agitation, and PONV, were continuously monitored for 72 h postoperatively.

Sample Size Calculation
This study was designed as a superiority trial. The sample size was calculated using G*Power software 3.1. Based on 
a study reported by Liu et al,16 a single administration of esketamine to prevent and treat postoperative depression 
reduced HAMD-17 scores 1 week postoperatively compared with the blank control group (9.4 ± 3.0 vs 11.2 ± 3.6). Using 
an effect size of 0.544, α = 0.05, and β = 0.2, the required sample size was calculated to be 80 participants. Considering 
the potential loss to follow-up or withdrawal from the study, we targeted to recruit 48 patients per group, for a total of 96 
patients.

Statistical Analysis
Statistical analyses were performed using SPSS (version 27.0, IBM Corporation, Armonk, NY, USA). The Kolmogorov– 
Smirnov test was used to assess the normality of the data distribution. Normally distributed continuous variables were 
presented as mean (standard deviation). The two-sample independent t test was used for comparisons. Non-normally 
distributed continuous data were reported as median (interquartile range) and analyzed using the Mann–Whitney U-test. 
To account for multiple comparisons, the Bonferroni correction was applied, yielding an adjusted significance threshold 
of p < 0.0167 (0.05/3). Categorical data were presented as frequencies or rates and compared using a Chi-square (χ2) test. 
All graphs in this study were created using GraphPad Prism 10.0 (GraphPad Software, CA, USA). A P-value < 0.05 was 
considered statistically significant.

Results
Participant Characteristics
A total of 96 patients were initially enrolled. Six patients were excluded, including three who declined to participate, one 
with poorly controlled blood pressure, and one with a history of benzodiazepine use. Ultimately, 90 patients were 
randomly assigned to the study intervention. Subsequently, five patients in the esketamine group and five in the saline 
group were excluded due to loss to follow-up or withdrawal of consent. The final analysis included 80 patients, with 40 
in each group. Detailed information regarding patient selection is presented in the flow chart (Figure 1).

No significant differences were observed between the groups in terms of demographic or clinical characteristics, including 
age, body mass index (BMI), ASA classification, duration of surgery, TNM stage, HAMD-17, and SDS scores on the day 
before surgery, and pre-anesthesia Heart rate, Mean arterial pressure, and serum levels of 5-HT and BDNF (Table 1).

Postoperative Depressive Scores
The HAMD-17 score on POD-30 was significantly lower in the esketamine group [3.00 (2.08–4.10)] compared with the 
normal saline group [5.00 (4.00–6.20)]. On both POD-1 and POD-3, HAMD-17 scores in the esketamine group were 
significantly lower than those in the saline group. Similarly, SDS scores in the esketamine group were significantly lower 
than those in the saline group on POD-1, POD-3, and POD-30 (P < 0.0167) (Table 2 and Figure 2).
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Biomarker Changes
After surgery, both BDNF (10.79±0.58 ng/mL vs 6.49±0.32 ng/mL; P=0.004) and 5-HT (634.75±45.57 ng/mL vs 462.46 
±36.11 ng/mL; P<0.001) levels were significantly higher in the esketamine group than the normal saline group (Table 3).

Figure 1 CONSORT flow diagram.

Table 1 Baseline Characteristic Comparisons Between Two Groups

Characteristics Normal Saline Group  
(n = 40)

Esketamine Group  
(n = 40)

P

Age, year 54.8 ± 8.4 53.8 ± 9.4 0.625

Body mass index, kg/m2 23.9 ± 2.7 23.8 ± 2.8 0.856
ASA classification 1.000

I 36 (90%) 36 (90%)

II 4 (10%) 4 (10%)
Duration of surgery, min 106 (92–125) 104 (97–120) 0.946

TNM stage 0.469

I–II 29 (72.5) 26 (65)
III 

Hamilton Depression Rating Scale

11 (27.5) 14 (35)

POD-1 
Self-Rating Depression Scale

4.5 (3.0, 7.0) 5.0 (4.0, 7.8) 0.633

POD-1 35.5 (31.1, 44.1) 39.5 (32.9, 43.1) 0.345

Heart rate, beats/min
Before induction 87.90 ± 1.85 88.00 ± 1.89 0.988

Mean arterial pressure, mmHg

Before induction 97.45 ± 2.32 97.35 ± 2.29 0.935

(Continued)
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Perioperative Safety and Recovery
Relative changes in HR and MAP after induction were calculated as described above. A positive value indicates an 
increase relative to baseline, while a negative value indicates a decrease. No notable differences were observed between 
the two groups in HR or MAP relative changes, or in recovery time (P>0.05). The VAS score was significantly lower in 
the esketamine group compared to the normal saline group 30 minutes after extubation (3.75±0.14 vs 4.33±0.15, 
(P<0.0167), although there were no statistically significant differences in the VAS scores between the two groups 1 or 
3 days postoperatively (P>0.0167) (Table 4).

Table 1 (Continued). 

Characteristics Normal Saline Group  
(n = 40)

Esketamine Group  
(n = 40)

P

BDNF, ng/mL
T1 8.62 ± 0.46 8.16 ± 0.43 0.641

5-HT, ng/mL

T1 627.68 ± 63.43 557.73 ± 44.13 0.665

Notes: Data are provided as mean ± standard deviation, median (Interquartile Range) or n (%). POD-1: the day before 
surgery; T1: Before anesthesia induction. 
Abbreviations: ASA, American Society of Anesthesiologists; TNM, Tumor, Node, Metastasis; BDNF, brain-derived 
neurotrophic factor; 5-HT, 5-hydroxytryptamine.

Table 2 Postoperative Depression Comparisons Between Two Groups

Depression Normal Saline Group  
(n = 40)

Esketamine Group  
(n = 40)

P

Hamilton Depression Rating Scale

POD 1 5.5 (5.0–7.8) 4.0 (3.0–7.0) 0.007
POD 3 5.1 (4.1–7.1) 4.0 (2.3–6.0) 0.004

POD 30 5.0 (4.0–6.2) 3.00 (2.1–4.1) <0.001

Self-Rating Depression Scale
POD 1 40.9 (38.1–43.7) 36.8 (34.5–39.0) 0.013

POD 3 40.3 (37.8–42.8) 33.8 (31.9–35.8) <0.001

POD 30 42.2 (37.3–43.1) 33.0 (31.0–34.9) <0.001

Note: Data are presented as median (interquartile range). 
Abbreviation: POD, postoperative day.

Figure 2 Comparisons of the Hamilton Depression Rating Scale-17 (A) and the Self-Rating Depression Scale (B) scores between two groups. Data are presented as median 
with interquartile range. *P < 0.05; **P < 0.01, *** P < 0.001. POD-1: the day before surgery. 
Abbreviation: POD, postoperative day.
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Adverse events were evaluated for each group (Table 5). Two patients in the esketamine group experienced 
tachycardia and one patient had post-induction hypertension, whereas these events were not reported in the normal 
saline group. The difference was not statistically significant (P>0.05). The incidence of nausea and vomiting was higher 
in the esketamine than normal saline group (10 vs 7 patients), without a statistically significant difference (P = 0.586). 
Additionally, four incidences of neuropsychiatric symptoms (P = 0.116) and four incidences of dizziness (P = 0.116) 
were observed in the esketamine group, but no cases of diplopia, hallucinations, or agitation were reported.

Table 3 Blood Brain-Derived Neurotrophic Factor (BDNF) and 
5-Hydroxytryptamine (5-HT) Concentrations Before and After Surgery

Concentration Normal Saline Group  
(n = 40)

Esketamine Group  
(n = 40)

P

BDNF, ng/mL

T2 6.49 ± 0.32 10.79 ± 0.58 0.004
5-HT, ng/mL

T2 462.46 ± 36.11 634.75 ± 45.57 <0.001

Notes: Data are presented as mean ± standard deviation. T2: end of surgery.

Table 4 Outcome Measurements Before and After Surgery

Outcome Normal Saline Group  
(n = 40)

Esketamine Group  
(n = 40)

P

Relative change in HR (%) −11.2 ± 10.7 −11.2 ± 10.7 0.495

Relative change in MAP (%) −20.6 ± 12.5 −16.8 ± 13.1 0.253
Post-anesthesia awakening time, min 14 ± 0.40 14 ± 0.38 0.422

Pain visual analog scale score

T3 4.00 (4.00–5.00) 4.00 (3.00–4.00) 0.011
T4 3.00 (2.00–4.00) 3.00 (3.00–4.00) 0.270

T5 2.00 (2.00–3.00) 2.00 (2.00–3.00) 0.135

Notes: Data are presented as mean ± standard deviation or median (interquartile range). Relative change (%) was 
calculated as: [(post-induction value − pre-induction value) / pre-induction value] * 100%. Negative values indicate 
a decrease from baseline, and positive values indicate an increase. T3: 30 minutes after extubation; T4: 1 day after surgery; 
T5: 3 days after surgery. 
Abbreviations: HR, heart rate; MAP, mean arterial pressure.

Table 5 Adverse Event Comparisons Between Two Groups

Adverse Event, N Normal Saline Group  
(n = 40)

Esketamine Group  
(n = 40)

P

Tachycardia* 0 2 0.494

Hypertension† 0 1 1.000

Nausea or vomiting 7 10 0.586
Neuropsychiatric symptoms 0 4 0.116

Dizziness§ 0 4 0.116

Diplopia 0 0 NC
Hallucination or daymare 0 0 NC

Agitation** 0 0 NC

Notes: *Heart rate >100 beats per minute. †Systolic blood pressure >160 mm Hg or an increase of >30% from 
baseline. §Study drug infusion was transiently stopped due to dizziness. **Richmond agitation sedation scale score 
≥ 2 during drug infusion.
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Discussion
In our study, administering esketamine after the patient lost consciousness during anesthesia induction at 0.5 mg/kg and 
then continuing it at 0.25 mg/kg/h during anesthesia maintenance resulted in significantly lower scores on HAMD-17 in 
the esketamine group compared to the normal saline group at 30 days postoperatively. Postoperative HAMD-17 and SDS 
scores in the esketamine group were significantly lower than those in the normal saline group at three postoperative time 
points (Table 2 and Figure 2). This suggested that esketamine reduced the severity of postoperative depressive symptoms 
in breast cancer patients during the perioperative period. Liu et al administered 0.125 mg/kg of ketamine, esketamine, or 
normal saline to 303 breast cancer patients with mild to moderate depression after anesthesia induction.16 Compared to 
the control group, the HAMD-17 scores in the ketamine and esketamine groups were significantly lower 3 days, 1 week, 
and 1 month postoperatively. Moreover, esketamine had a pronounced effect on reducing postoperative depression in 
breast cancer patients. Their study provided the first evidence that esketamine effectively reduced postoperative depres
sion in breast cancer patients with mild and moderate depression, and its effect was superior to that of ketamine. Wang 
et al administered an intravenous injection of 0.2 mg/kg esketamine to 64 breast cancer patients undergoing unilateral 
modified radical mastectomy for breast cancer who had no preoperative depression.17 Compared to the control group, 
a single sub-anesthetic dose of esketamine produced lower postoperative Patient Health Questionnaire-9 (PHQ-9) scores 
for subthreshold depressive symptoms on the first postoperative day (P = 0.047). However, there were no statistically 
significant differences in PHQ-9 scores between the two groups 3, 7, or 30 days postoperatively. Zhang et al randomly 
divided 90 patients undergoing modified radical mastectomy for breast cancer to an esketamine group or a control 
group.18 The esketamine group received esketamine (0.5 mg/kg) for anesthesia induction, followed by continuous 
infusion of esketamine (0.5 mg/kg/h) and remifentanil for maintenance. The control group was induced with sufentanil 
and maintained with remifentanil. The total quality of recovery-15 scores were significantly higher in the esketamine 
group on POD-1 and POD-2. The mini-mental state examination results indicated that esketamine promoted post
operative cognitive function recovery on POD-1 but had no significant effect on POD-2.

Across these studies, esketamine was administered at varying doses and via different methods during the periopera
tive period, and all studies reported some degree of improvement in postoperative depression scores and symptoms. 
However, the duration of postoperative improvement varied among studies when compared with control groups, which 
could be attributed to the use of different assessment scales across these trials.

In the present study, postoperative serum levels of 5-HT and BDNF were significantly higher in the esketamine group 
than in the normal saline group. Previous clinical studies have also reported that esketamine increases serum levels of 
5-HT and BDNF in postpartum women, as well as in patients with uterine or thyroid cancer.19–21

These findings provide new insights into the potential application of esketamine for alleviating postoperative 
depression in patients with breast cancer. Specifically, the antidepressant effects of esketamine appear to be associated 
with increased peripheral biomarkers, such as BDNF and serotonin.22

The analgesic effect of esketamine should not be overlooked. In this study, the postoperative pain scores in the 
esketamine group were lower than those in the normal saline group (Table 4). Although there were no significant 
differences between the two groups on postoperative days 1 and 3, the significant pain intensity difference 30 minutes 
after extubation indicated that esketamine produced an analgesic effect in the early postoperative period. A systematic 
evaluation covering various surgical procedures, including abdominal, thoracic, and gynecological surgeries, showed that 
intravenous injection of esketamine as an adjunct to general anesthesia effectively improved analgesia by reducing the 
pain intensity and the need for opioids in the early postoperative period.23 Koppert et al found that intravenous infusion 
of esketamine reduced the degree of opioid-induced hyperalgesia.24 Combined with its antidepressant effect, the 
comprehensive effects of esketamine during the perioperative period significantly improved patient comfort and the 
overall postoperative experience.

In this study, some patients in the esketamine group experienced adverse reactions, such as tachycardia, nausea, and 
vomiting. The incidence of postoperative nausea and vomiting (PONV) was higher in the esketamine group than in the 
normal saline group (10 cases vs 7 cases). However, all cases were transient and resolved within the first 
postoperative day, with none severe enough to require additional pharmacological intervention. There were no 
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statistically significant differences compared to the normal saline group (Table 5). Ketamine was once a commonly used 
clinical anesthetic, however, its popularity significantly decreased with the introduction of propofol, inhaled anesthetics, 
and opioids because the latter drugs have fewer side effects.25 Nevertheless, adding esketamine to general anesthesia to 
improve postoperative mood has been shown to have low incidences of drug-related side effects due to the relatively low 
doses used.26 Our study also showed that adding esketamine to general anesthesia did not affect hemodynamics before 
and after anesthesia induction or the time to awakening and extubation. These findings were consistent with previous 
research and suggested that esketamine has good tolerability and safety at appropriate doses.25 However, further 
evaluation of its potential risks in long-term use, especially in high-risk patients, is still needed.

Limitations
Our study had several limitations. First, the study sample size was small, with only 80 patients, and the study focused 
only on female breast cancer patients. The generalizability of the results requires further validation. Larger, multicenter 
clinical trials should be conducted to verify the efficacy and safety of esketamine in different types of cancer patients. 
This study did not explore the optimal drug dosage, and future research should investigate the antidepressant dose- 
response relationship of esketamine. Second, although this study observed the antidepressant effect of esketamine within 
30 days postoperatively, research on its long-term efficacy remains scarce. The long-term antidepressant efficacy and side 
effects of esketamine, particularly its potential impact on biomarkers associated with antidepressant response, should be 
a focus of future research.

Conclusion
Perioperative continuous infusion of esketamine effectively reduced postoperative depression scores in patients under
going breast cancer surgery. Esketamine might exert its antidepressant effects by modulating 5-HT and BDNF levels. 
Further studies are warranted to verify its long-term efficacy and safety.
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