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Purpose: This study aimed to establish the 95% effective dose (ED95) of esketamine in combination with propofol for hysteroscopy
and then to evaluate its efficacy and safety profile.

Patients and Methods: This prospective, double-blind, randomized controlled trial consisted of two cohorts. In cohort 1, 45 women
aged 18-65 years undergoing hysteroscopy were randomly assigned to either group E (esketamine + propofol) or group A (alfentanil +
propofol). Dixon’s up-and-down method was used to determine the ED95 of esketamine and alfentanil. In cohort 2, 86 patients were
randomized to group E and group A, with the calculated ED95 dose of the study drugs used for induction. The success rate of
anesthesia using the ED95% dose, along with parameters related to anesthesia induction, recovery, and adverse events were also
recorded.

Results: The ED95 of esketamine was 0.254 mg/kg (95% CI: 0.214-1.004), while that of alfentanil was 9.121 pg/kg (95% CI: 8.479-13.364).
The anesthesia success rate was 93.0% in group E and 95.2% in group A (p = 0.664). After resuscitation, both groups achieved a 100% success
rate. The induction time was significantly shorter in group E (60.0 [55.0-70.0] s) compared to group A (67.0 [61.0-79.3] s) (p = 0.006). Group
E had lower rates of respiratory depression (p < 0.001), hypoxia (p = 0.006), minimum perioperative SpO, (p = 0.010), and hypotension
(p=0.001). Esketamine had less effect on respiratory rate, heart rate, mean blood pressure, and end-tidal carbon dioxide compared to alfentanil
(all p <0.001). There were no significant differences in postoperative pain between the two groups.

Conclusion: This study determined the ED 95 dose of esketamine for intravenous general anesthesia during hysteroscopy.
Esketamine showed less respiratory and hemodynamic depression, as well as fewer adverse effects compared to alfentanil.
Esketamine is an ideal anesthetic agent compared to alfentanil for hysteroscopic anesthesia.

Trial Registration: www.chictr.org.cn, (ChiCTR2300077283); registered November 3, 2023.
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Introduction

With the increased awareness of endometrial lesions in women and the continuous advancement of hysteroscopic
technology, the use of hysteroscopy in clinical practice has become increasingly common.! Known for its minimal
invasiveness and rapid recovery, hysteroscopy plays a critical role in the clinical diagnosis and treatment of gynecologic
diseases. Despite being a minimally invasive procedure, hysteroscopy involves intraoperative cervical dilation, uterine
scraping, and other invasive techniques that cause varying degrees of pain and discomfort to patients, leading to
physiological and psychological distress. Currently, clinical anesthesia for hysteroscopic surgery is often involves the
combination of propofol with opioids.>* These commonly used anesthetic drugs are known to cause significant
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respiratory and hemodynamic depression, as well as potential side effects such as nausea, and vomiting, sometimes
necessitating the use of a laryngeal mask or intubation to assist breathing.” Balancing the need for optimal analgesia level
while the maintaining of respiratory and circulatory stability and promoting rapid postoperative recovery is a notable
challenge in the field of clinical anesthesia for hysteroscopy.

Esketamine, a derivative of ketamine that targets N-methyl-D-aspartate (NMDA) receptors to induce sedation and
analgesia, has emerged as a promising new option in anesthesia with favorable properties.® Research suggests that
esketamine results in rapid recovery from post-anesthesia, helps prevent the development of nociceptive hypersensitivity,
and has minimal effects on respiratory function and hemodynamics.”* Currently, esketamine is increasingly being used
for anesthesia induction and maintenance of anesthesia for pain management.® In cesarean delivery, subanesthetic
esketamine can provide additional analgesia and sedation, but does not induce significant neonatal depression.” Other
research has shown that esketamine can significantly reduce the risk of post-spinal hypotension during cesarean
delivery.10 Compared to sufentanil, esketamine can reduce postoperative nausea and vomiting after thoracoscopic lung
resection.'' However, the application of esketamine in hysteroscopy is relatively new. Information regarding the 95%
effective dose (ED95) of esketamine in hysteroscopy, as well as its efficacy and safety profile, is currently lacking.

Alfentanil, a short-acting opioid known for its minimal effects on the respiratory and cardiovascular effects compared
to other analgesics such as remifentanil and sufentanil, is widely used in clinical practice for its ability to reduce
postoperative nausea and vomiting.'>'* Research has shown that in day surgery, alfentanil can reduce coughing and
maintain more stable intraoperative hemodynamics during tracheal intubation under general anesthesia, as compared to
sufentanil.'*'* In endoscopic retrograde cholangiopancreatography (ERCP), the combination of fentanyl with propofol
may reduce spontaneous respiratory inhibition and the incidence of nausea when compared with remifentanil.'*

Due to the aforementioned advantages of alfentanil in short surgical procedures, alfentanil was selected as the control
to establish the efficacy and safety of esketamine in combination with propofol for intravenous general anesthesia during

hysteroscopic procedures and to evaluate whether esketamine is the preferred choice for hysteroscopic anesthesia.

Materials and Methods

Study Design

The study was conducted as a single-center, double-blind, randomized controlled trial. The study was approved by the
Clinical Research Ethics Committee of the First Affiliated Hospital, Zhejiang University School of Medicine (2023114,
October 31, 2023), and registered in the China Clinical Trial Registry (www.chictr.org.cn, No. ChiCTR2300077283,
November 3, 2023). The study complies with the Declaration of Helsinki. Informed consent was obtained from all

participating patients prior to enrollment. Patients, surgeons and the outcome assessors were blinded to the specific group
assignments.

The study was divided into two phases: 1) Cohort 1 - dose-finding phase: aimed to determine the ED95 values for the
anesthesia of esketamine and alfentanil in patients undergoing hysteroscopy; 2) Cohort 2 - safety and efficacy assessment
phase: focused on evaluating the safety and efficacy of esketamine compared to alfentanil at the established ED95 dose.

Patients Eligibility

From November 2023 to January 2024, patients undergoing hysteroscopy were recruited into the study. Inclusion criteria
were as follows: 1) patients aged 18-65 years; 2) American Anesthesiologists Association (ASA) physical status I or
II; 3) modified Mallampati score <3; 4) body mass index (BMI) between 18 and 28 kg/m”. Exclusion criteria included: 1)
allergy to anesthetics such as esketamine, opioids, and propofol; 2) cardiac (New York Heart Association cardiac
function class 3 to 4, history of myocardial or cerebral infarction within 6 months, cardiac arrhythmia), pulmonary,
hepatic, or renal dysfunction; 3) respiratory infection within the past 2 weeks; 4) uncontrolled hypertension; 5)
hyperthyroidism; 6) diagnosis of epilepsy, or any psychiatric disorder; 7) history of dependence on analgesic or hypnotic
substance; 8) use of benzodiazepines or opioids within the past 3 months; 9) participation in any other drug clinical trial

within the past 3 months; and 10) patient refusal to participate in the study.
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Dose-Finding

In this phase of the study, all patients underwent an 8-hour fast and abstained from fluids for 2 hours prior to the
procedure. Patients were randomized to either the esketamine (E) group or alfentanil (A) group using a randomized table
method. Upon arrival in the operating room, patients received oxygen at a rate of 3L/min via a mask. Vital signs,
including blood pressure (BP), heart rate (HR), respiratory rate (RR), pulse oxygen saturation (SpO,), end-expiratory
carbon dioxide pressure (PetCO,), and bispectral index (BIS) were routinely monitored. Microstream ETCO, monitoring
through the nasal catheter was used to monitor ETCO,.

An intravenous dose of 2 mg/kg propofol was administered intravenously, followed by esketamine (group E) or
alfentanil (group A). Based on data from previous studies, the induction doses were set at 0.3 mg/kg esketamine (Jiangsu
Hengrui Pharmaceuticals Co., Lianyungang, Jiangsu, China) for the group E and 10 pg/kg alfentanil (Yichang
Humanwell Pharmaceutical Co., Yichang, Hubei, China) for the group A.'>'® The hysteroscopic procedure was started
when the eyelash reflex disappeared and the modified observer’s assessment of alertness/sedation score (MOAA/S)
reached 0—1. A continuous intravenous infusion of propofol at a rate of 4-8mg/kg/h was maintained throughout the
procedure. If patients did not achieve adequate sedation, an additional dose of propofol (0.5mg/kg) was administered. If
analgesia was insufficient, additional doses of 0.1 mg/kg esketamine or 5 pg/kg alfentanil were administered. The
MOAA/S scale is used to describe deep sedation states and is scored from 5 to 0. It is widely used in anesthesia
research.'”"'® MOAA/S 5 represents a patient who is awake and responds readily to a name spoken in a normal tone;
MOAA/S 0 means the patient does not respond to a noxious stimulus.'®

Dixon’s up-and-down method was used to determine the ED95 of esketamine and alfentanil. Dixon’s up-and-down
design is a classic method for studying the effective dose of an agent, in which the dose of a subject is determined based
on the response of the previous subject.”’>*' Any physical movement in response to cervical dilation was considered as
a “failure”, otherwise it was considered as a “success”. If the patient failed, the next patient received an additional
incremental dose on top of the original induction dose; conversely, if the patient succeeded, the next patient received
a reduction of one incremental dose. The interval dose was set at 0.03 mg/kg in group E or 1 pg/kg in group A. In the
Dixon method, the stopping rule requires at least 6 failure/success pairs.'®*> We decided to stop the study when there
were 7 failure/success pairs in each group.

Safety and Efficacy Assessment

Preoperative preparation and monitoring procedures were identical to those used in the first phase of the study, with
participants randomly assigned to either group E or group A using a randomized number table method. After induction
with intravenous propofol at a dose of 2—3 mg/kg, group E received an ED95 dose of esketamine (0.25 mg/kg), while
group A received an ED95 dose of alfentanil (9.12 pg/kg). Drug doses, HR, BP, RR, SpO,, and MOAA/S were recorded
at several time points (TO: before induction, T1: immediately after induction, T2: 5 minutes after induction, T3: end of
the procedure, T4: awakening/eye opening, and T5: 30 minutes after awakening). PetCO, and BIS were also recorded at
TO-T3. The awakening time and any adverse events were recorded.

If SpO, falls below 95%, the oxygen flow rate is increased and airway is opened with a jaw thrust maneuver. If SpO,
falls below 90%, the patient receives pressurized oxygen through a face mask, with the possibility of laryngeal mask
placement for ventilation if necessary. If hypotension occurs, the patient should receive fluid resuscitation or a dose of
6 mg ephedrine or 40 pg phenylephrine. If hypertension is diagnosed, intravenous administration of 10-25 mg urapidil is
recommended. If the patient experiences bradycardia, 0.5 mg of atropine is administered. In case of tachycardia, esmolol
at a dose of 0.5—1 mg/kg is administered by intravenous injection. For patients with nausea and vomiting, ondansetron at
a dose of 4 mg is administered intravenously. For patients with mental symptoms, propofol at a dose of 0.5-2 mg/kg by
intravenous injection or dexmedetomidine at a dose of 0.5—-1 pg/kg by intravenous drip are recommended. These drugs
can be repeated if necessary.

The propofol maintenance infusion was discontinued at the end of the hysteroscopic procedure. After surgery, all
patients were transferred to the post anesthesia care unit (PACU). Pain levels were assessed using the Numeric Rating
Scale (NRS) at T4 and T5. The NRS (NRS 0-10, where 0 is no pain and 10 is the worst pain imaginable) is a simple
score that has been validated as a measure of postoperative pain intensity.”> In most research studies, an NRS score of >4
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has been identified as the threshold for moderate pain. Pain relief was administered in the form of flurbiprofen axetil
(50mg) when NRS score reached 3 points. For pain scores of 4 points or higher, intravenous fentanyl was administered at
a dose of 1 pg/kg. Discharge from the PACU was assessed using the modified Aldrete score, with a score of >9 indicating
eligibility for discharge.

Outcomes and Definitions

Primary Outcome

The ED95% of esketamine or alfentanil in combination with propofol for general anesthesia in hysteroscopic procedures
was determined. In addition, the study evaluated the success rate of anesthesia using the ED95% dose of esketamine.

Secondary Outcome

Secondary outcomes included anesthesia induction, maintenance, recovery-related parameters, adverse events and
satisfaction: 1) induction time: the time from the start of drug injection to the disappearance of the patient’s eyelash
reflex and the achievement of the desired level of sedation (MOAA/S 0-1); 2) awakening time: the time from the end of
anesthetic drug administration to when the patients opened their eyes; 3) cardiovascular or respiratory adverse effects: a)
decreased respiratory rate: defined as a RR less than 8 breaths per minute; b) hypoxia: SpO, level less than 90% lasting
more than 1 minute; ¢) hypotension: MBP decreased more than 20% of the baseline; d) hypertension: MBP increased
more than 20% of the baseline; e) bradycardia: HR decrease more than 20% of the baseline for 30s; f) tachycardia: HR
increase more than 20% of the baseline for 30s; 4) other adverse reactions: injection pain, nausea and vomiting,
headache, dizziness, postoperative psychiatric symptoms, shivering, and restlessness; 5) postoperative pain and analgesic
requirements; 6) patient and surgeon satisfaction.

Statistical Analysis

ED95 was estimated using probit regression analysis with Statistical Analysis System (SAS, release 9.4). Sample size
calculations were performed using PASS statistical software. Based on the literature reporting hypotension incidence
rates of 6.2% and 21.5% during general anesthesia with esketamine and fentanyl combined with propofol (with

hypotension being the highest percentage of adverse events),'***

at a significance level of a=0.05, power of 1-f=0.8,
with a 1:1 ratio between groups, and accounting for a 10% drop-out rate, a minimum sample size of 43 cases per group
was required.

Normally distributed continuous data were presented as mean (standard deviation, SD), and analyzed using
t-tests. Non-normally distributed data were presented as median (interquartile range, IQR) and analyzed using the non-
parametric Mann—Whitney U-test. Categorical data were assessed using the chi-square test or Fisher’s exact
test. Repeated-measures analysis of variance was used for comparisons of the RR, SpO,, HR, MBP, PetCO, and BIS.
Bonferroni correction was used for comparisons between groups. Statistical analyses were performed with SPSS 24.0
(IBM, USA) or GraphPad Prism 8 (GraphPad Software, USA). A P value less than 0.05 was considered statistically

significant.

Results

Dose-Finding

Fifty-four patients were screened for eligibility in cohort 1. A total of 9 patients were excluded for the following reasons:
4 patients with BMI <18 or >28 kg/m?; 3 patients with ASA physical status > II; 2 patients refused. Finally, a total of 45
patients were enrolled in cohort 1, with 24 patients in group E and 21 patients in group A (Figure 1). There were no
significant differences observed in age, gender, BMI, chronic diseases, alcohol consumption, ASA physical status, and
duration of surgery between the two groups (Table 1). The individual responses to the two drugs, evaluated using Dixon’s
up-and-down method, are shown in Figure 2. The calculated ED95 for esketamine and alfentanil were 0.254 mg/kg (95%
CIL: 0.214-1.004) and 9.121 pg/kg (95% CI: 8.479-13.364), respectively.
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Table | The Basic Characteristics of the Patients

Variable Cohort | Cohort 2
Group E (n=24) | Group A (n=21) p Group E (n=43) | Group A (n=42) p
Age (ys) 45.9+10.2 40.4+9.0 0.064 42.9+11.5 42.8+11.2 0.991
BMI (kg/m?) 22.9+2.6 22.1+2.6 0.298 23.2+2.6 22.4+3.2 0.216
Chronic disease
Hypertension 2 (8.3) 3 (14.3) 0.526 5(11.6) 5(11.9) 0.968
Diabetes 0 0 - 2 (47) 2 (4.8) 0.981
Hypothyroidism 0 0 - I (2.3) 2 (4.8) 0.543
Other 1 (4.2) | (4.8) 0.923 I (2.3) 2 (4.8) 0.543
Alcohol use 0 0 0 0 -
ASA physical status 0.835 0.756
| 20 (83.3) 17 (81.0) 32 (74.4) 30 (71.4)
I 4 (16.7) 4 (19.0) Il (25.6) 12 (28.6)
nnv 0 0 0 0
Operation duration (min) 15.0£6.7 17.2+10.5 0.393 17.5+8.5 14.9+6.3 0.117

Notes: Data are presented as mean * SD or n (%).
Abbreviations: ASA, American Anesthesiologists Association; BMI, body mass index.

Safety and Efficacy Assessment

Patient Characteristics

In cohort 2, 91 patients were screened for eligibility. A total of 5 patients were excluded for the following reasons: 2
patients with BMI <18 or >28 kg/m?; 3 patients with ASA physical status > II. Ultimately, a total of 86 patients
participated in the safety and efficacy evaluation using the ED95 dose. One patient was excluded due to a procedural
change, resulting in the analysis of 85 patients (Figure 1). Patient characteristics, as shown in Table 1, did not differ
significantly between the two groups with respect to age, gender, BMI, chronic medical conditions, alcohol use, ASA

physical status, and duration of surgery.

Primary Outcome
Anesthetic success rates of anesthesia were 93.0% in group E and 95.2% in group A (p = 0.664). After rescue, both
groups achieved a 100% success rate (Table 2).

Secondary Outcome

Time Metrics and Propofol Consumption

Group E had a shorter induction time (60.0 [55.0-70.0] s) compared to group A (67.0 [61.0-79.3] s) (p = 0.006). However, the
awakening time was longer in group E than in group A (time to eye-opening: 5.0 [3.0—7.0] min vs 4.0 [3.0-5.0] min, p = 0.033;
time to respond to commands: 7.0 [4.0-8.0] min vs 5.0 [3.0-6.3] min, p = 0.032). There were no significant differences in the
total propofol dose between the two groups (5.6+2.0 vs 5.2+1.1 mg/kg, p = 0.253) (Table 2).

Adverse Events and Hemodynamic Indexes

The incidence of respiratory depression was significantly lower in group E (16.3%) compared to group A (52.4%) (p <
0.001). A similar trend was observed for hypoxia (2.3% vs 21.4%, p = 0.006) and hypotension (4.7% vs 33.3%, p =
0.001). Although the bradycardia rate in group E (7.0%) was higher than the group A (2.4%), no significant difference
was observed.
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Figure 2 Dixon up-and-down plots for cohort I.

The RR, HR, MBP, SpO, and PetCO, at different time points are shown in Figure 3. Esketamine had a lesser effect on RR,
HR, MBP and PetCO, compared to alfentanil (all p < 0.001). RR was significantly lower in group A than in group E at time
points T1, T2, T3, and T4. There were no statistically significant differences in SpO, between the two groups at any time

Table 2 Success Rate, Time Metrics and Propofol Consumption

Variable Group E (n=43) | Group A (n=42) P
Success rate of anesthesia 40 (93.0) 40 (95.2) 0.664
Success rate of anesthesia after rescue 43 (100) 42 (100) -
Induction time (s) 60.0 (55.0, 70.0) 67.0 (61.0, 79.3) | 0.006
Awakening time (min)

Eye-open 5 (3.0, 7.0) 4 (3.0, 5.0 0.033

Respond to commands 7 (4.0, 8.0) 5 (3.0, 6.3) 0.032
Propofol consumption (mg/kg) 5.6+2.0 5.2+1.1 0.253

Notes: Data are presented as mean * SD, median (IQR) or n (%).
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Figure 3 Perioperative RR, SpO,, HR, MBP, PetCO, and BIS levels. (A—F), mean values with error bars indicate standard deviation; (B), each point represents an individual.
Significant differences were observed in RR, HR, MBP, PetCO, and BIS levels between the two groups (p < 0.001). The variations in RR, SpO,, HR, MBP, PetCO, and BIS
levels changed over time (p < 0.001). *P < 0.05 after Bonferroni correction for inter-group comparisons. TO, before induction; T1, immediately after induction; T2, 5 minutes
after induction; T3, end of the procedure; T4, awakening/eye opening; T5, 30 minutes after awakening.

Abbreviations: BIS, Bispectral index; HR, heart rate; MBP, mean blood pressure; PetCO,, end-expiratory carbon dioxide pressure; RR, Respiratory rate; SpO,, Pulse
Oxygen Saturation.

points. However, the minimum perioperative oxygenation saturation was higher in group E (95.5% % 5.9%) than in group
A (90.7% £ 10.0%) (p = 0.010). At T1, a statistical difference in HR was observed between the two groups (p < 0.05). MBP
was significantly lower in group A than in group E at time points T1 and T2. PetCO, levels were significantly lower in group
E than in group A at time points T1, T2, and T3. In addition, BIS values were higher in the esketamine group than in the
alfentanil group at both T2 and T3 (all p<0.05 after Bonferroni correction).

In group E, the incidence of injection pain was 7 cases (16.3%), postoperative nausea was 3 cases (7.0%), dizziness
was 15 cases (34.9%), and shivering was 1 case (2.3%). In group A, the incidence of injection pain was 7 cases (16.7%),

postoperative nausea was 2 cases (4.8%), dizziness was 7 cases (16.7%), shivering was 1 case (2.4%), and restlessness
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was 1 case (2.4%). However, there was no statistically significant difference between the two groups. None of the
patients experienced headache, vomiting, or other postoperative psychiatric symptoms. Both patient and surgeon
satisfaction were high (Table 3).

Postoperative Pain and Analgesic Requirements

The incidence of postoperative pain was 2.3% in group E and 2.4% in group A, with no significant difference between
the two groups (p = 0.987). At time point T4, there was one patient in group E (2.3%) with an NRS score greater than or
equal to 4. Furthermore, at time point TS, there was also one patient in group A (2.4%) with an NRS score greater than or
equal to 4. However, there was no statistically significant difference in NRS scores between the two groups at these time
points (all p>0.05). Additionally, the need for additional analgesics during PACU treatment was similar between the two
groups (p>0.05), as shown in Table 4.

Discussion

The study determined the ED95 values of esketamine and alfentanil in combination with propofol for hysteroscopic
procedures and then evaluated their safety and efficacy profiles. The results indicate that the administration of esketamine
at the ED95 dose with propofol for intravenous anesthesia can result in satisfactory anesthetic outcomes. Esketamine was
associated with less respiratory depression, improved hemodynamic stability, and fewer adverse reactions compared to
alfentanil. These results indicate that the combination of esketamine and propofol provides effective and safe anesthesia
for hysteroscopy.

Table 3 Adverse Events and Satisfaction

Variable Group E Group A p
(n=43) (n=42)
Respiratory depression 7 (16.3) 22 (52.4) <0.001
Hypoxia 1 (2.3) 9(21.4) 0.006
Minimum perioperative SpO, (%) | 955+ 59 | 90.7 £ 10.0 0.010
Hypotension 2 (4.7) 14 (33.3) 0.001
Hypertension 0 0 -
Bradycardia 3 (7.0) 1 (24) 0317
Tachycardia 0 0 -
Injection Pain 7 (16.3) 7 (16.7) 0.962
Nausea 3 (7.0%) 2 (4.8) 0.664
Vomiting 0 0 -
Headache 0 0 -
Dizziness 15 (34.9%) 7 (16.7) 0.055
Psychiatric symptom 0 0 -
Shivering 1 (2.3) 1 (2.4) 0.987
Restlessness 0 1 (2.4) 0.309
Patient satisfaction 10 (9,10) 10 (10,10) 0.011
Surgeon satisfaction 9 (9,10) 9 (9,10) 0.609

Notes: Data are presented as mean * SD, median (IQR) or n (%).
Abbreviation: SpO,, Pulse Oxygen Saturation.
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Table 4 Postoperative Pain and Analgesic Requirements

Variable Group E Group A P
(n=43) (n=42)
Postoperative pain (NRS24) 1 (2.3) I (24) 0.987
T4 0.595
NRS: -3 18 (41.9) 17 (40.5)
NRS:>4 1 (2.3) 0
T5 0.554
NRS: -3 34 (79.1) 31 (73.8)
NRS:>4 0 I (2.4)
Use of analgesic drugs
Flurbiprofen Axetil 10 (23.3) 8 (19.0) 0.635
Fentanyl 1(2.3) I (2.4) 0.987

Notes: Data are presented as n (%).
Abbreviation: NRS, Numeric Rating Scale.

It is noteworthy that to date, no studies have specifically determined the ED95 value of esketamine in combination
with propofol for hysteroscopic anesthesia. Previous research by Susanne Eberl et al used an esketamine dose of 0.15mg/
kg for sedation during ERCP procedures,'® while Yongtong Zhan et al recommended an esketamine dose of 0.2mg/kg for
sedation during gastrointestinal endoscopy.>* In our study, the determined ED95 dose of esketamine was 0.254mg/kg,
which is similar to the doses reported in these studies. Differences in dosage may be due to differences in surgical
requirements for analgesic dosage.

Esketamine, a novel anesthetic derived from ketamine, is known to cause less respiratory depression than to
traditional opioid analgesics.”>*® Respiratory depression is a significant concern as it can contribute to serious post-
operative adverse events,?’ often associated with the use of opioid medications.?® Esketamine has been shown to increase
CO, sensitivity and improve ventilation. In addition, its effects on bronchial smooth muscle result in bronchodilation,
which helps alleviate respiratory depression.”” In the current study, significantly fewer cases of respiratory depression
were observed with esketamine compared to alfentanil during hysteroscopic procedures. This resulted in maintaining
adequate oxygenation levels and potentially reducing the need for invasive procedures such as laryngeal mask insertion
or tracheal intubation, thereby shortening recovery time and minimizing adverse reactions.

Furthermore, patients in the esketamine group exhibited more stable perioperative hemodynamics perioperatively
when given the ED95 dose. Research suggests that esketamine may block sodium channels in brainstem parasympathetic
neurons, inhibit electrical activity in cardiac parasympathetic nerves, and increase cardiac output.*® Additionally,
esketamine inhibits norepinephrine uptake by neurons, resulting in increased norepinephrine levels, heightened sympa-
thetic nerve excitation, and increased peripheral vascular resistance.*® These mechanisms counteract the cardiovascular
depressant effects of propofol, thereby reducing cardiovascular risks associated with circulatory fluctuations.

Recent research has highlighted that esketamine increases depth of anesthesia and decreases anesthesia recovery time
by shortening the peak activation time of PVT glutamatergic neurons.’' Similarly, in the current study, a shorter
induction time was observed with esketamine compared to alfentanil, likely due to its ability of enhance depth of
anesthesia. However, in this study, no advantage in recovery time was observed with esketamine, which may be due to
the shorter duration of hysteroscopy procedures and the short-acting nature of alfentanil as an opioid. Although a slightly
longer recovery time was observed in the esketamine group, this may not be clinically significant.

Despite advances in anesthesia techniques that improve the comfort of hysteroscopic procedures, some patients still
experience postoperative pain that requires additional medication for relief.*? In this study, no significant difference in
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postoperative pain scores was observed between the two groups. Esketamine exerts potent analgesic effects by inhibiting
NMDA receptors,>® with analgesic efficacy achieved at blood concentrations lower than those required for loss of
consciousness.>* The current study also showed that the postoperative analgesic effects of esketamine were comparable
to those of alfentanil.

Esketamine is known to have psychotropic side effects such as delirium, agitation, dizziness, nightmares, hallucina-
tions, often in a dose-dependence manner.*>>*® Studies have shown that subanesthetic doses of esketamine can reduce the
incidence of these psychological symptoms,®” which is consistent with the results of our study. In this study, there were
no significant statistical differences were found in dizziness, nausea/vomiting, or psychiatric symptoms between the two
groups. This may be due to the use of subanesthetic doses of esketamine in the study. In conclusion, esketamine appears
to be a safe option for hysteroscopic procedures.

Alfentanil has a lower impact on respiratory and circulatory function compared to other commonly used analgesics
such as remifentanil and sufentanil.'*'? It is increasingly being used in endoscopy and day surgery.'>** Previous research
by Shu-An Dong et al used an alfentanil dose of 10ug/kg for analgesia during ERCP procedures,'> while Andrea LY Yu
et al recommended an optimal dose of 10ug/kg for alfentanil when co-administered with propofol for classic laryngeal
mask insertion.*® These findings are consistent with the results of our study. However, esketamine demonstrated milder
respiratory depression and more stable hemodynamics compared to alfentanil, suggesting the potential of esketamine as
an ideal anesthetic option for hysteroscopic procedures.

In the current study, it was observed that BIS values in the esketamine group were higher than those in the alfentanil group,
occasionally exceeding 60. Esketamine has the potential to induce widespread theta-wave activity and spike-wave activity on
electroencephalography, resulting in elevated BIS values and interfering with neurophysiological monitoring.* Therefore, it
is important to note that BIS alone should not be used as an indicator of depth of sedation during esketamine anesthesia.

There are several limitations to this study. First, the sample size was relatively small, which may introduce potential
statistical bias. Second, the study examined only on the analgesic effects of hysteroscopy, a procedure involving minor surgical
trauma, and included only female patients, which limits the generalizability of the results. Finally, pharmacokinetic data,
which would help to accurately characterize the dose-exposure-response relationship, were not collected. Therefore, future
large-sample, multicenter prospective controlled studies are essential to confirm and further validate the findings of this study.

Conclusion

In conclusion, the study demonstrated that the combination of ED 95 dose esketamine and propofol for intravenous
general anesthesia during hysteroscopy was effective, with reduced respiratory depression, improved hemodynamic
stability, and minimized adverse effects. Esketamine is proving to be a good choice compared to alfentanil for

hysteroscopic anesthesia.
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