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Background: Depressive symptoms are common among perimenopausal women with breast cancer having modified radical
mastectomy. Esketamine exerts antidepressant effects. This study aims to assess whether an intraoperative sub-anesthetic dose of
esketamine prevents postoperative depressive symptoms in these patients.

Methods: In this randomized, triple-blinded, placebo-controlled trial, we will enroll 130 perimenopausal women (aged 45—60 years)
with breast cancer undergoing unilateral modified radical mastectomy. Patients will be randomly assigned with a 1:1 ratio to receive
either esketamine (0.25 mg/kg i.v.) or normal saline after anesthesia induction and before skin incision. The primary outcome is the
incidence of depressive symptoms at day 30 postoperatively, assessed using the Beck’s Depression Inventory (BDI). Secondary
outcomes include incidence of depressive symptoms and BDI scores at day 1, 3, and 180 postoperatively, anxiety symptoms and scores
at day 1, 3, 30, and 180 postoperatively, pain intensity and quality of recovery at day 1 and 2 postoperatively, nausea and vomiting
within 48 hours postoperatively, length of postoperative hospital stay, and cancer-specific outcomes. Data will be analyzed in the
modified intention-to-treat population.

Discussion: This is the first trial to evaluate the effects of a sub-anesthetic dose of esketamine on depressive symptoms in
perimenopausal women after modified radical mastectomy. The results of this study will help to improve their mental health and
recovery after breast cancer surgery.

Trial Registration: Chinese Clinical Trial Registry (ChiCTR2200064348).

Keywords: esketamine, perimenopausal women, depressive symptoms, breast cancer, modified radical mastectomy

Introduction

According to the recent cancer statistics, breast cancer has become the most commonly diagnosed cancer in the world
and continues to have significant impacts on public health." With advances in treatment, the mortality rate of breast
cancer has declined; however, survivors often suffer from adverse mental health outcomes, such as depression and

anxiety.” Recent studies showed that the prevalence rate of depressive symptoms ranged from 9% to 66% and of anxiety
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from 18% to 33% in breast cancer survivors.>* For perimenopausal women undergoing surgery, they are more likely to
experience these symptoms, leading to increased risk of health problems and reduced quality of life.

Ketamine, a noncompetitive antagonist of N-methyl-D-aspartic acid (NMDA) receptors, is commonly used for
sedation, analgesia, and anesthesia. The antidepressant effect of ketamine has been studied in recent years.®®
Esketamine is the more potent S-enantiomer of racemic ketamine.” The Food and Drug Administration has approved
the use of esketamine for treatment-resistant depression (TRD).'® According to a recent international consensus,
intranasal esketamine demonstrates efficacy and safety for up to 1 year in patients with TRD, but long-term evidence
of ketamine in TRD is insufficient.'" A recent study suggested that esketamine alleviated postoperative depression after
laparoscopic total hysterectomy, which was more effective compared to the racemic ketamine.'? Two meta-analyses have
reported the benefits of perioperative ketamine or esketamine on postoperative depressive symptoms.'>*'* Our recent
work also suggested that a perioperative low-dose esketamine infusion reduced postoperative depressive symptoms in
patients after thoracoscopic lung cancer surgery.'” However, as far as we know, there is no study on perioperative use of
esketamine in perimenopausal women with breast cancer.

The main purpose of this study is to explore the effects of an intraoperative sub-anesthetic dose of esketamine on
depressive symptoms in perimenopausal women after modified radical mastectomy. We hypothesize that the use of
esketamine would prevent depressive symptoms in our patients.

Methods

Ethics and Registration

The protocol of this trial was approved by the Ethics Committee of the First Affiliated Hospital of Soochow University
(Approval No. 2022-204) on August 4, 2022. This trial was registered at the Chinese Clinical Trial Registry (http:/www.
chictr.org.cn, identifier: ChiCTR2200064348) on October 3, 2022. This study will be conducted in accordance with the
Declaration of Helsinki. Written informed consent will be obtained from all patients. This protocol follows the guidelines
of Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) statement.'®

Study Design
This is an investigator-initiated, randomized, triple-blinded, controlled trial, including a total of 130 perimenopausal
women undergoing unilateral modified radical mastectomy at the First Affiliated Hospital of Soochow University,
Suzhou, China. The study is ongoing by the time of this manuscript submission. Figure 1 presents the study flow
diagram. Table 1 shows the schedule of patient enrollment, study interventions, and measurements complying with the
SPIRIT statement.

Eligibility Criteria

The inclusion criteria of this study are as follows: (1) perimenopausal women aged 45—60 years; (2) American Society of
Anesthesiologists (ASA) physical status I-III; (3) preoperative diagnosis of breast cancer and scheduled for unilateral
modified radical mastectomy under general anesthesia; and (4) providing a written informed consent.

Patients will be excluded if they meet the following criteria: (1) unplanned or emergent surgery; (2) left ventricular
ejection fraction <30% or respiratory failure; (3) serious liver or renal dysfunction (Child-Pugh grade C or need for renal
replacement therapy); (4) mental illness (any DSM-V diagnosis, eg, depressive disorders, anxiety disorders, and
personality disorders), long-term use of antipsychotics or drug addict; (5) having allergies or contraindications to
study medications; (6) illiteracy or inability to understand the scales in this study.

Randomization and Blinding
An independent statistician generates a randomization list using an online tool (https://www.sealedenvelope.com), with

an allocation ratio of 1:1 and permuted block sizes of 2 and 4. Eligible patients will be randomized to an esketamine
group or a normal saline group. The details of allocation are concealed using opaque sealed envelopes. An independent
anesthesia nurse prepares the study medications (esketamine or normal saline) according to the randomization results,
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Perimenopausal women scheduled for
radical mastectomy assessed for eligibility

Excluded

+ Not meeting inclusion criteria
¢ Decline to participate

¢ Other reasons

\ 4

Randomized (n = 130)

Allocation v
Allocated to the esketamine group (n = 65) Allocated to the normal saline group (n = 65)
¢ Receive esketamine (n = X) + Receive normal saline (n = X)
+ Do not receive allocated intervention (n = X) + Do not receive allocated intervention (n = X)

\ 4

Primary outcome: incidence of depressive symptoms at POD 30
m Secondary outcomes: depressive symptoms at POD 1, 3 and
180; BDI scores at POD 1, 3, 30 and 180; anxiety symptoms and
SAS scores at POD 1, 3, 30 and 180; pain and quality of recovery
at 24 and 48 h after surgery; postoperative nausea and vomiting;
length of postoperative hospital stay; cancer-specific outcomes
Adverse events: hypotension, hypertension, bradycardia,

tachycardia, desaturation, dizziness, headache, hallucinations,
nightmares, and dissociation

Analyzed (n = X) Analyzed (n = X)
¢ Excluded from analysis (give reasons) (n = X) ¢ Excluded from analysis (give reasons) (n = X)

Figure | Study flow diagram.
Abbreviations: BDI, Beck’s Depression Scale; SAS, Self-rating Anxiety Scale; POD, postoperative day.

and then the medications will be distributed to independent attending anesthesiologists. It is impossible to distinguish
esketamine and normal saline because both of them are colorless and transparent solutions. Patients, anesthesiologists,
surgeons, investigators responsible for data collection and outcome assessment, and statisticians will be blinded to the

group allocation.

International Journal of General Medicine 2023:16 heeps: 3375
Dove:


https://www.dovepress.com
https://www.dovepress.com

Liu et al Dove

Table | Schedule of Patient Enrollment, Study Interventions, and Measurements

Timepoint Study Period
Enrollment Allocation Post-Allocation Close-Out
Preanesthetic Before During POD | POD | POD Hospital POD | POD
Visit Surgery Surgery | 2 3 Discharge 30 180

Enrollment
Eligibility screening
Written informed consent
Randomization
Allocation
Interventions
Esketamine
Normal saline
Measurements
Baseline characteristic
Depressive symptoms
BDI score
Anxiety symptoms
SAS score

Pain intensity

X X X X X
X X X X
X X X X
X X X x

X X X X X X

Quality of recovery
PONV

Postoperative hospital stay x
Cancer-specific outcomes x x

Adverse events® x x x

Notes: According to SPIRIT statement of defining standard protocol items for clinical trials. *Including hypotension, hypertension, bradycardia, tachycardia, desaturation,
dizziness, headache, hallucinations, nightmares, and dissociation.
Abbreviations: BDI, Beck’s Depression Scale; SAS, Self-rating Anxiety Scale; PONYV, postoperative nausea and vomiting; POD, postoperative day.

Anesthesia and Study Interventions

All patients will fast for 6-8 h with no premedication. Patients will be monitored following the ASA monitoring
standards. Anesthesia will be induced with intravenous propofol 1.5-2 mg/kg, sufentanil 0.3 pg/kg, and cisatracurium
0.2 mg/kg. After anesthesia induction, dexamethasone 5 mg and palonosetron 0.075 mg will be given to prevent
postoperative nausea and vomiting (PONV). After endotracheal intubation, the lungs will be mechanically ventilated
(tidal volume of 8-10 mL/kg, frequency of 12—18 breaths/mins, and inspired oxygen fraction of 50-80%) according to
the clinical practice at our institution. Ventilation will be adjusted to maintain the peripheral oxygen saturation >95% and
the end-tidal carbon dioxide at 35-40 mmHg.

For the administration of study medications, patients will receive intravenous injection of 0.25 mg/kg esketamine (the
esketamine group) or an equivalent volume of normal saline (the normal saline group), after anesthesia induction and
before surgical incision.

Anesthesia will be maintained with 1-3% sevoflurane inhalation targeting minimal alveolar concentration of 0.7-1.3.
Intermittent intravenous boluses of sufentanil 0.1 pg/kg and cisatracurium 0.1 mg/kg will be administered when needed.
Nasopharyngeal temperature will be maintained at 36-37°C using a warming blanket. Patients will receive Lactated
Ringer solution for fluid repletion. Flurbiprofen axetil 50 mg will be given intraoperatively. After surgery, patients will be
extubated and transferred to a post-anesthesia care unit (PACU). Patients with a modified Aldrete score >9 will be
discharged to their surgical ward.
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Study Outcomes

The primary outcome of this study is the incidence of depressive symptoms at day 30 postoperatively, assessed using the
Beck’s Depression Inventory (BDI). The BDI includes 13 self-rating items consisting of cognitive, affective, and somatic
contents. Each item is rated on a 4-point scale (0-3), and the total BDI scores range from 0 to 39. Higher scores indicate
a more severe depression (0—4, no depression; 5-7, mild depression; 8-15, moderate depression; >16, severe
depression).'”"'®

The secondary outcomes include (1) incidence of depressive symptoms at day 1, 3, and 180 postoperatively, (2) BDI
scores at day 1, 3, 30, and 180 postoperatively, (3) incidence of anxiety symptoms at day 1, 3, 30, and 180 post-
operatively, assessed using the Self-rating Anxiety Scale (SAS), (4) SAS scores at day 1, 3, 30, and 180 postoperatively,
(5) pain intensity at rest and on coughing at day 1 and 2 postoperatively, assessed using the Visual Analogue Scale
(VAS), (6) quality of recovery at day 1 and 2 postoperatively, assessed using the Quality of Recovery (QoR)-15, (7)
PONV within 48 hours, (8) length of postoperative hospital stay, and (9) cancer-specific outcomes including overall
survival, disease-free survival and progression-free survival.

The SAS is a validated anxiety scale that includes 20 items covering a variety of anxiety symptoms. Responses are
given for each item on a 4-point scale (1-4), and raw total scores range from 20 to 80. The final SAS score is calculated
as the raw total scores multiplied by 1.25. The total SAS scores range from 25 to 100. Higher scores represent a more
severe anxiety (0 to 49, no anxiety; 50 to 59, mild anxiety; 60 to 69, moderate anxiety; >70, severe an><iety).l9_2 !

The VAS is widely used to measure pain intensity in clinical settings, ranging from 0 (no pain) to 10 (the most severe
pain).*? The QoR-15 is a convenient patient-reported tool, including 15 items of five domains (pain, comfort, physical
independence, psychological support, and emotional state) with each item ranging from 0 to 10. Higher scores suggest
better quality of recovery (0-89, poor recovery; 90—121, moderate recovery; 122—135, good recovery; 136-150, excellent
recovery).>> >

Perioperative adverse events include intraoperative hemodynamic events (hypotension, hypertension, bradycardia,
and tachycardia) and postoperative events (desaturation, dizziness, headache, hallucinations, nightmares, and dissocia-

tion) within the first 2 days postoperatively.

Data Collection and Monitoring

A trained independent investigator will collect patients’ demographic data and baseline characteristics preoperatively
(including age, body mass index, marital status, education years, ASA physical status, surgical site, hypertension,
diabetes, and preoperative medications). The BDI, SAS and Social Support Rating Scale (SSRS) scores will be measured
via the WeChat application. The SSRS is a self-reported scale to assess patients’ social support over the past year,
including subjective support, objective support and utilization of social support. Higher SSRS scores indicate a higher
level of social support.*®

Perioperative data include duration of anesthesia, duration of surgery, time to extubation, length of stay in PACU, and
adverse events. The BDI and SAS scores will be collected on day 1, 3, 30, and 180 postoperatively via the WeChat
application. The VAS and QoR-15 scores will be collected at 24 and 48 h after surgery via ward visit. The cancer-specific
outcomes will be collected on day 180 via telephone.

All data will be recorded using case report forms and registered on an electronic database. Upon completing data
registration, the database will be locked. After deidentification, the database will be sent to an independent statistician at
the Department of Epidemiology and Biostatistics, Soochow University. An independent data monitoring committee will
supervise the whole process of this study to ensure patients’ safety.

Sample Size

According to the previous studies, the incidence of depressive symptoms after modified radical mastectomy is approxi-
mately 30%.** We expect that the use of esketamine would lead to a 20% reduction in this incidence. Based on this
assumption, 59 patients are needed in each group with a power of 80% and an a level of 0.05. To take into account
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a possible drop-out rate of 10%, a total of 130 patients (n = 65 in each group) will be recruited. The sample size is
calculated using the PASS software (version 15.0.5, NCSS, LCC, Kaysville, UT).

Statistical Analysis

For continuous data, means (standard deviations) or medians (interquartile ranges) will be reported depending on data
distribution. For categorical data, numbers (percentages) will be reported. Data will be analyzed using the independent
t-test, repeated measures analysis of variance, or Mann Whitney rank sum test, Chi-squared test, or Fisher’s exact test, as
appropriate.

The demographic data and baseline characteristics will be presented using the descriptive statistics only. For the study
outcomes, the between-group differences will be assessed using mean difference or odds ratio with 95% confidence
intervals. For the primary outcome, a multivariate logistic regression model will be applied to adjust for the baseline
covariates (preoperative BDI, SAS, and SSRS scores). Moreover, subgroup analyses will be conducted according to
preoperative depressive symptoms, anxiety symptoms, and social support levels. For the secondary outcomes, no
corrections for multiple comparisons will be used, and these outcomes should be considered exploratory. Disease
progression will be included as a confounder in analyzing the long-term outcomes.

All analyses will be conducted based on the modified intention-to-treat population. There are no plans for missing
data imputation or interim analysis. Statistical analysis will be performed using the SPSS 26.0 software (SPSS Inc,
Chicago, IL, USA). A two-sided P < 0.05 is considered statistically significant.

Discussion

This randomized triple-blind controlled trial will recruit 130 perimenopausal women undergoing modified radical
mastectomy to evaluate the effects of a single intraoperative sub-anesthetic dose of esketamine on postoperative
depressive symptoms. The main hypothesis is that the use of esketamine would prevent depressive symptoms up to 30
days after surgery. We also hypothesize that esketamine would improve anxiety symptoms and quality of recovery after
surgery, without increasing adverse events. The results of this trial will be reported conforming to the Consolidated
Standards of Reporting Trials guidelines.?’

Perimenopause is a special and inevitable period which represents the final reproductive transition stage in a woman’s
life.?®** Women in the perimenopausal period have increased prevalence of depressive symptoms compared with women
in the premenopausal period.”® With the influence of breast cancer and surgery on mental health, perimenopausal women
undergoing modified radical mastectomy are more prone to mental problems.* However, based on the available evidence,
there is lack of effective prophylactic or therapeutic approaches for depressive or anxiety symptoms in these vulnerable
patients.

A sub-anesthetic dose of esketamine may improve postoperative depression symptoms. For patients with colorectal
cancer, esketamine 0.3 mg/kg reduced the incidence of depressive symptoms after colorectal surgery.*® For patients
undergoing laparoscopic total hysterectomy, esketamine at a dose of 0.25 or 0.5 mg/kg alleviated postoperative
depression during the first 3 days after surgery, which was more effective than the racemic ketamine.'? For patients
with Crohn’s disease, esketamine 0.25 mg/kg during anesthesia induction followed by continuous infusion at 0.12 mg/kg/
h for 30 min reduced mild-to-moderate depressive symptoms after bowel resection.®’ A recent study suggested that
esketamine reduced the average depression scores for breast cancer patients, but that study did not report or compare the
incidence of depressive symptoms.*> Therefore, our study will test the antidepressant effects of esketamine in perime-
nopausal women undergoing modified radical mastectomy.

The administration of esketamine may cause several side effects, such as headache, nausea and vomiting, excessive
salivation, dissociation, and elevated blood pressure and heart rate, which are often dose-dependent and transient.>>>* In
our study, we use a sub-anesthetic dose of esketamine (0.25mg/kg) and we expect that this dose is unlikely to cause
significant adverse effects.

There are some possible mechanisms of the antidepressant action of the NMDA receptor antagonist ketamine or
esketamine. Brain-derived neurotrophic factor (BDNF) plays a crucial role in depression.>>*® Previous studies suggested
that ketamine reduced the levels of serum inflammatory factors, alleviated neuroinflammation, and increased the
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expression of BDNF.>"*® In addition, Li et al showed that increased synaptic signaling proteins and new spine synapses
through the activation of the rapamycin pathway underlay the rapid antidepressant effects of ketamine in rats.*

The strengths of this study include the patient population (perimenopausal women with breast cancer who are
extremely vulnerable to depressive symptoms), the explicit primary outcome of 30-day depressive symptoms, and the
randomized triple-blind controlled study design. This study has some limitations. First, our patients will receive an
intraoperative sub-anesthetic dose of 0.25 mg/kg esketamine, and the optimal dose needs further investigations. Second,
this study would have been more influential if we designed this study comparing three arms: ketamine, esketamine, and
placebo. Whether or not ketamine and esketamine are superior to placebo and whether or not they are superior to each
other need to be assessed in future studies. Last, it is likely that many patients with preoperative mental disorders do not
voluntarily participate in epidemiological studies,*” so our patients included in this study may not be representative of the
whole patient population.

In conclusion, this trial aims to explore whether an intraoperative sub-anesthetic dose of esketamine reduces the
incidence of postoperative depressive symptoms in perimenopausal women undergoing modified radical mastectomy.
The results will help to improve postoperative mental health and recovery for these patients.
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PONYV, Postoperative nausea and vomiting; QoR-15, Quality of Recovery-15; SAS, Self-rating Anxiety Scale; SPIRIT,
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