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Background: Cervical dilation during ambulatory hysteroscopy often triggers somatic responses that challenge patient comfort and 
procedure smoothness. While esketamine’s unique analgesic profile could address this, its effective dose within a dexmedetomidine- 
remifentanil monitored anesthesia care (MAC) protocol is undefined.
Methods: In this prospective, double-blind, dose-finding study, 30 women received a standardized MAC protocol (dexmedetomidine 
0.6 μg∙kg−1 loading dose followed by 0.4 μg∙kg−1∙h−1, with remifentanil 5 μg∙kg−1∙h−1). Esketamine was administered via Dixon’s up- 
and-down sequential design (initial dose 0.3 mg∙kg−1; increments/decrements 0.02 mg∙kg−1) before cervical dilation. Positive response 
is defined as the absence of purposeful movement. The median effective dose (ED50) and 95% effective dose (ED95) were calculated 
using probit regression.
Results: 30 patients completed the study. The ED50 of esketamine was 0.36 mg∙kg−1 (95% CI 0.35–0.37) and the ED95 was 0.39 mg∙kg−1 

(95% CI 0.37–0.42). Hemodynamic stability was maintained (mean arterial pressure change ≤15% from baseline) with no respiratory 
depression. Adverse events were self-limiting dizziness (66.7%) and nausea (6.7%). Recovery was swift, with a time to meet post-anesthesia 
care unit (PACU) discharge criteria of 17.93±3.30 min, and patient satisfaction was high (median score 9/10, IQR 8–10).
Conclusion: Under dexmedetomidine-remifentanil MAC, esketamine 0.39 mg∙kg−1 (ED95) effectively suppresses the cervical 
dilation response, promotes hemodynamic and respiratory stability, and facilitates a rapid, enhanced recovery after surgery (ERAS)- 
compliant recovery. This dose-finding study provides a practical and effective anesthetic combination for clinical implementation in 
ambulatory hysteroscopy.
Clinical Trial Registration: ClinicalTrials.gov (identifier: NCT07034963). Principal Investigator: Lijuan Yan.

Plain Language Summary: This study determined the optimal dose of esketamine by testing different doses in thirty patients, 
finding that 0.39 mg∙kg−1 effectively prevented patient movement and discomfort during cervical dilation in ambulatory hysteroscopy. 
Patients showed minimal movement during cervical dilation, while blood pressure and heart rate remained stable. Notably, no episodes 
of respiratory depression occurred. The most common side effect was temporary, mild dizziness, which resolved quickly without 
treatment. Importantly, patients recovered within about 20 minutes. This allowed for same-day discharge and was associated with high 
satisfaction with their care. This study provides anesthesiologists with robust, evidence-based guidance for using esketamine to 
enhance patient comfort and streamline recovery in ambulatory settings. 
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Introduction
Hysteroscopic procedures have evolved into first-line interventions for intrauterine pathologies, owing to technological 
advancements enabling minimally invasive diagnosis and treatment.1 These procedures are frequently performed under 
monitored anesthesia care (MAC) in ambulatory surgery settings, which benefits patients by reducing hospital stays and 
clinical costs.2,3 However, it is important to note that cervical dilation, a critical step in hysteroscopic procedures, 
activates sacral parasympathetic pathways (S2–S4),4 provoking considerable visceral nociception and discomfort.2,5 This 
necessitates the optimization of patient-centered analgesic strategies of MAC while maintaining hemodynamic stability 
and respiratory safety.

MAC has emerged as the preferred anesthetic strategy for high-volume, fast-paced ambulatory hysteroscopic surgery, 
particularly valued for its rapid recovery profile.6,7 Despite the expansion of options for managing MAC due to 
pharmacological innovations and the advent of nerve blocks, available options each present limitation. Intravenous 
lidocaine has been demonstrated to attenuate cervical dilation response but has a short context-sensitive half-time and 
potential toxicity.5,8,9 Magnesium sulfate has analgesic and opioid-sparing effects but may delay recovery.10,11 Cervical 
blocks are effective but require expertise ill-suited to fast-paced workflows.12 While propofol and remimazolam provide 
sedation, they impair sleep architecture and lack specific visceral analgesic properties.13,14 Propofol also causes injection 
pain and increases the risks of oxygen desaturation.15

In contrast, dexmedetomidine preserves respiratory drive and synergizes with remifentanil’s ultrashort half-life (3 minutes), 
allowing precise titration against nociceptive stimuli.3,16 This combination achieves targeted analgesia without the cognitive or 
respiratory trade-offs associated with GABAergic sedation. Although dexmedetomidine-remifentanil significantly reduces the 
incidence of respiratory depression with propofol-remifentanil (14.3% vs 44.1%),17 Remifentanil-induced hyperalgesia (RIH) 
remains a concern after long-time or high-dose infusion.18,19

Esketamine, the derivative of ketamine, has emerged as a promising analgesic adjuvant in hysteroscopy. It acts via 
N-methyl-D-aspartate (NMDA) receptor antagonism, producing dose-dependent sedation and analgesia.20,21 Importantly, 
esketamine has minimal effects on respiratory function and can counteract opioid-induced respiratory depression by 
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enhancing ventilatory CO2 chemosensitivity22—a valuable property in contemporary opioid-sparing ambulatory anesthesia, 
fundamentally eliminating hypoventilation risks.23–25 However, its potential neuropsychiatric effects, such as dizziness and 
emergence agitation, require consideration, although these are typically dose-dependent and self-limiting.20,21 Esketamine and 
dexmedetomidine act synergistically to reduce opioid requirements via complementary α2-adrenergic and NMDA-receptor 
mechanisms.26 This strategic shift necessitates precision-balanced multimodal approaches that synergistically combine 
mechanistically distinct agents to address the dual imperatives of nociceptive blockade and ventilatory preservation.27 

Therefore, dexmedetomidine-esketamine-remifentanil triad represents a promising alternative to propofol-based 
regimens,28 while esketamine’s anti-hyperalgesic properties may mitigate remifentanil-induced RIH risk.19

To date, no previous study has quantified esketamine’s dose-response relationship under dexmedetomidine- 
remifentanil based MAC during hysteroscopic surgery. Therefore, this study aimed to determine the median effective 
dose (ED50) and 95% effective dose (ED95) of esketamine for suppressing the somatic response to cervical dilation, 
defined as any purposeful movement, during ambulatory hysteroscopic surgery.

Methods
Study Design and Subjects
This prospective, double-blind, single-center dose-finding study was designed following the principles of the Declaration 
of Helsinki and the Standard Protocol Items: Recommendations for Interventional Trials guidelines.29 It was conducted 
from June to July 2025 at the Department of Anesthesiology of the First Affiliated Hospital of Xiamen University, China. 
This study was approved by the Ethics Committee of the First Affiliated Hospital of Xiamen University (Approval 
No. 101; 2025) and subsequently registered at the ClinicalTrials.gov (identifier: NCT07034963). According to the study 
flow chart (Figure 1), patients scheduled to undergo ambulatory hysteroscopic surgery under MAC were enrolled in this 
study. Before the procedure, all participants were furnished with a comprehensive explanation of the study’s procedures 
and potential risks, after which they were required to sign an informed consent form.

Inclusion, Exclusion, and Termination Criteria
Inclusion Criteria
This study enrolled women aged 18–55 years with American Society of Anesthesiologists (ASA) physical status I–II, 
who were scheduled for elective ambulatory hysteroscopy under monitored anesthesia care. Additional standard inclu
sion and exclusion criteria about comorbidities, pharmacological contraindications, and airway risks were consistent with 
our previously published protocol.30

Exclusion and Withdrawal Criteria
Patients were excluded or withdrawn based on the predefined criteria detailed in our previously published protocol,30 

which comprehensively addresses pharmacological contraindications, significant cardiopulmonary/hepatic comorbidities, 
neurological/psychiatric conditions, and perioperative risks. For the present hysteroscopy-specific cohort, the key 
exclusion factors were a body mass index (BMI) >28 kg∙m−2 and an anticipated difficult airway.

Study Protocol
Perioperative Management and Monitoring
All participants underwent standardized preoperative fasting (≥8 hours for solids, ≥2 hours for clear fluids) before 
anesthesia induction. Upon arrival in the operating room, patients were positioned in the lithotomy position and 
monitored using continuous electrocardiography (ECG), non-invasive mean arterial pressure (MAP) measurements at 
3-minute intervals, SpO2, and nasal cannula-based capnography (Microstream™, Medtronic) for respiratory rate (RR) 
and end-tidal carbon dioxide (EtCO2) tracking. Supplemental oxygen was delivered via Venturi mask at 5 L∙min−1 

throughout the procedure to maintain SpO2 ≥95%.
Comprehensive physiological monitoring was conducted at six predefined intervals: pre-anesthesia baseline, 60 sec

onds following esketamine (Jiangsu Hengrui Medicine Co., Ltd., Lianyungang, Jiangsu, China) administration, during 
vaginal disinfection, cervical dilation, intrauterine manipulation, and in the post-anesthetic care unit (PACU). 
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Hemodynamic and respiratory parameters—including ECG, MAP, SpO2, and EtCO2—were continuously recorded via 
a validated anesthesia information management system with automated data extraction.

Dose Determination and Administration
The study employed Dixon’s up-and-down sequential design31 with an initial esketamine dose of 0.3 mg∙kg−1. The dosage 
administered to the latter patient was modified following the feedback provided by the researcher to the former patient. Dose 
adjustments followed a 0.02 mg∙kg−1 increment/decrement protocol based on purposeful movement during cervical dilation: 
purposeful movement triggered dose escalation, while absence of purposeful movement prompted dose reduction.

An independent nurse anesthetist prepared all esketamine solutions using weight-based calculations, diluting the 
designated dose with 0.9% saline to a fixed 20 mL volume in identical opaque syringes. To maintain blinding, syringes 
were labelled with a unique identifier and dispensed to the attending anesthesiologist who remained unaware of dose 
assignments and study protocol.

Anesthetic Protocol
All patients received a standardized anesthetic regimen sequentially. Dexmedetomidine (Sichuan Medco Huakang 
Pharmaceutical Co., Ltd., Jining, Shandong, China) (4 μg∙mL−1) infusion initiated with 0.6 μg∙kg−1 loading dose over 
10 minutes, followed by 0.4 μg∙kg−1∙h−1 maintenance. Remifentanil (Jiangsu Enhua Pharmaceutical Co., Ltd., Xuzhou, 
Jiangsu, China) (50 μg∙mL−1) continuous infusion at 5 μg∙kg−1∙h−1. Esketamine bolus is administered intravenously over 
60 seconds following the completion of the infusion of the loaded dose of dexmedetomidine. Procedural commencement 

Figure 1 Flow chart of the study. 
Abbreviations: ED50, the median effective dose; ED95, 95% effective dose.
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required achieving Ramsay Sedation Scale (RSS)32 ≥5 within 1 minute post-esketamine administration. Surgical procedures 
were performed by the same board-certified gynecologist using standardized 9 mm rigid hysteroscopes, with cervical dilation 
performed via Hegar dilators under direct visualization. After the operation, 100 mg of flurbiprofen axetil was intravenously 
injected as an adjuvant drug for multimodal analgesia, and 4 mg of ondansetron was intravenously injected for preventive 
antiemesis. All patients were transferred to the day surgery ward only after recovery through the PACU.

A predefined rescue analgesia protocol was implemented for positive cervical dilation responses (defined as 
purposeful movement): intravenous remifentanil 0.5 μg∙kg−1 boluses were administered immediately, with subsequent 
doses permitted at 2-minute intervals. Anesthetic failure was declared if >3 rescue doses were required within 10 minutes, 
triggering protocol escalation with propofol 100 mg IV followed by supraglottic airway insertion and transition to 
controlled mechanical ventilation.

Airway compromise management adhered to a tiered algorithm. Initial interventions for respiratory depression (SpO2 

<90% for >30 seconds or EtCO2 >55 mmHg) included chin lift and jaw thrust maneuvers, progressing to facemask 
ventilation with 100% oxygen if unresolved. Persistent hypoventilation unresponsive to manual maneuvers within 
60 seconds mandated immediate supraglottic airway insertion and positive-pressure ventilation.

Hemodynamic instability triggered protocolized interventions: bradycardia (HR <45 bpm) was treated with atropine 
0.5 mg IV, while hypotension (MAP <80% baseline) received phenylephrine 50 μg IV boluses. All adverse events, 
pharmacological interventions, rescue interventions, and protocol deviations were timestamped and quantified by blinded 
research personnel using validated case report forms. Onset duration, severity grading, and causal relationship assessment 
of adverse events were classified and reported.

Outcomes
The primary efficacy outcome was purposeful movement during cervical dilation. Negative response is defined as any 
purposeful movement, indicating unsuccessful response suppression. This included limb withdrawal, head elevation, or 
vocalization. Minor reflexes, such as finger flexion/extension or facial grimacing, were explicitly excluded. A positive 
response was the absence of such movement, indicating successful response suppression.

Secondary outcomes encompass postoperative pain, adverse events, and recovery-related clinical parameters. The 
intensity of pain experienced post-surgery was measured using a 10-cm Numeric Rating Scale (NRS), with 0 represent
ing no pain and 10 representing severe pain at 2 h, 6 h, and 24 h post-surgery. Supplemental analgesic requirements (the 
dosage of oral acetaminophen) were also documented.

Adverse events were systematically categorized and monitored, including the following: (i) Cardiovascular: 
Hypotension (MAP <65 mmHg for >2 minutes), hypertension (MAP >110% baseline), sinus bradycardia (HR <45 
bpm) or sinus tachycardia (HR >100 bpm). (ii) Neurological: dizziness was assessed by the attending anesthesiologist 
through directly asking “Do you feel dizzy?” Psychotomimetic reactions were actively monitored by the attending 
anesthesiologist. (iii) Gastrointestinal: Postoperative nausea and vomiting (PONV). (iv) Respiratory: Hypoxemia (per
ipheral oxygen saturation <90% for >15 seconds) or apnea (EtCO2 >55 mmHg).

Recovery-related clinical parameters, including awakening time, PACU time, discharge time, and the patient’s 
satisfaction score. The awakening time was defined as the period from the cessation of anesthetic drug infusion to 
the time when the patient regains consciousness. The PACU time was defined as the time from patient admission 
to the PACU until the fulfillment of the criteria for PACU discharge. PACU discharge criteria were assessed using 
the modified Aldrete score, with a predefined score of ≥9. The discharge time was defined as the interval between 
patient admission to the operating room and the fulfillment of the criteria for hospital discharge. Patient’s 
satisfaction score was graded using a 10-tier scale (0 = very unsatisfied; 10 = very satisfied).

Statistical Analysis
All analyses were performed using IBM SPSS Statistics (v20.0) and R statistical environment (v4.4.3; R Foundation) 
with RStudio interface (v2024.12.1+563). The sample size was guided by the target of obtaining 6–8 independent 
crossover pairs, which typically requires 20–30 evaluable participants based on previous dose-finding studies using this 
methodology. To account for potential non-evaluable responses that could break the sequential chain, 33 patients were 
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ultimately enrolled to ensure statistical adequacy. The study was terminated after 30 patients because the dose-response 
relationship had stabilized with 7 obtained crossover pairs, which followed the sequential allocation principles of Dixon’s 
up-and-down method and were deemed sufficient for reliable probit analysis. There were no protocol deviations, 
withdrawals, or missing data for the primary endpoint; thus, no data imputation was necessary.

The ED50 and ED95 of esketamine were estimated via probit regression analysis using the generalized linear model 
(GLM) framework with a probit link function. The generation of dose-response curves was achieved through the 
implementation of maximum likelihood estimation, complemented by the bootstrap resampling (1000 iterations) to 
derive robust 95% confidence intervals (CI). Sequential dose-response patterns were visualized using GraphPad Prism 
(v9.0.0), incorporating nonlinear regression modeling for curve fitting. Throughout the study, statistical significance was 
defined by a two-tailed alpha level of 0.05.

Results
Baseline Characteristics
30 enrolled patients completed the trial. Baseline characteristics are summarized in Table 1. No significant differences 
existed across sequential dose cohorts.

Sequential Trial Dose-Response
Figure 2 depicts the dose-response sequence using Dixon’s up-and-down method. Starting from 0.30 mg∙kg−1, seven 
crossover pairs were achieved after 30 patients (dose range: 0.30–0.40 mg∙kg−1). Negative response rates decreased with 
esketamine dose escalation (Table 2).

Dose-Response Curve and ED50/ED95 Calculation
Probit analysis demonstrated an ED50 of 0.36 mg∙kg−1 and an ED95 of 0.39 mg∙kg−1 for somatic response suppression 
(Figure 3). The model showed adequate fit by the Hosmer-Lemeshow test (χ2=0.07, p=0.97).

Adverse Events
Hemodynamics remained stable with a mean MAP fluctuation ≤15% from baseline. No respiratory depression or 
cardiovascular events occurred, with all patients maintaining SpO2 ≥94% and EtCO2 ≤48 mmHg. The adverse events 
that were observed included nausea (2/30, 6.67%) and dizziness (20/30, 66.67%), both of which were self-limiting and 
resolved without intervention within one hour.

Recovery Quality After Anesthesia and Dose-Related Analysis
Recovery profiles aligned with enhanced recovery after surgery (ERAS) principles: time to meet PACU discharge criteria 
was about 20 min. Median patient satisfaction score was 9/10 (IQR: 8–10) on a 10-point scale (Table 3). The 
postoperative pain scores (2h/6h/24h) were all 0, so no one required rescue analgesics.

Based on the analysis of the current dataset, changes in esketamine dose showed no statistically significant effects on 
any of the measured recovery outcomes (Table 3).

Table 1 Patients’ Baseline Characteristics

Positive Response 
(n=14)

Negative Response 
(n=16)

P-value

Age, year (mean±SD) 38.07±8.86 36.44±7.05 0.58

ASA, I/II (n) 10/4 10/6 0.71

BMI, kg∙m−2 (mean±SD) 23.01±3.03 22.11±2.53 0.89

Anesthetic time, min (mean±SD) 27.14±9.24 22.88±10.81 0.26

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; SD, standard deviation.
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Discussion
The ED50 of 0.36 mg∙kg−1 (95% CI: 0.35–0.37) and ED95 of 0.39 mg∙kg−1 (95% CI: 0.37–0.42) provide an evidence- 
based solution to a recognized practice gap: the lack of a precise dosing guideline for esketamine within opioid-sparing 
MAC regimens. This directly enables anesthesiologists to optimize analgesia while systematically minimizing opioid- 
related risks, thereby advancing ERAS protocols in ambulatory settings.

The Synergistic Mechanism of the Three Drugs
The observed dose-efficacy relationship stems from a triple synergistic mechanism between esketamine, dexmedetomi
dine, and remifentanil. Esketamine’s NMDA receptor antagonism converges with dexmedetomidine’s α2-adrenergic 
modulation to enhance descending inhibitory pathways.26 Concurrently, the ultra-short half-life of remifentanil allows for 
precise titration against dynamic nociceptive stimuli.3 At an ED95 of 0.39 mg∙kg−1, esketamine achieves a threshold 
sufficient to block somatic responses during cervical dilation without inducing excessive sedation or psychotomimetic 
reactions. This equilibrium is further exemplified by the respiratory safety measure of the anesthesia protocol, which has 
led to a complete elimination of incidents of hypoxemia.

Hemodynamic stability was maintained (mean MAP fluctuation ≤15% from baseline), and respiratory safety was 
confirmed (SpO2 ≥94%, EtCO2 ≤48 mmHg). The observed hemodynamic stability likely results from esketamine’s 
sympathomimetic properties33 effectively counteracting the cardiovascular depression inherent to the dexmedetomidine- 
remifentanil base regimen. This balancing effect underscores the rationale for the triple-drug combination. However, the 
absence of continuously archived waveform data precludes finer analysis of peak physiologic responses. Future studies 
would benefit from incorporating high-resolution data capture to delineate more subtle pharmacodynamic profiles.

Figure 2 Dose-response using Dixon’s up-and-down method.

Table 2 Positive/Negative Response Among Different Doses

The Doses of Esketamine, mg∙kg−1 Positive Response, n (%) Negative Response, n (%)

0.30 0 (0) 1 (100)

0.32 0 (0) 3 (100)

0.34 2 (25) 6 (75)

0.36 6 (54.54) 5 (45.46)

0.38 5 (83.33) 1 (16.67)

0.40 1 (100) 0 (0)

Cumulative total 14 (46.67) 16 (53.33)
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The Value of the Daytime Surgery Centers During Clinical Practice
From a clinical perspective, these doses offer pragmatic solutions to the challenges prevalent in China’s rapidly 
expanding ambulatory surgery infrastructure. The high patients’ satisfaction score (median score 9/10, IQR 8–10) likely 
reflects the combination of effective intraoperative analgesia, a comfortable recovery without recall of pain, well- 
controlled postoperative pain (as measured by NRS at 2 h, 6 h, and 24 h), and the rapid return to clear-headed function. 
Such characteristics align with ERAS protocols, prompting same-day discharge for uncomplicated hysteroscopic surgery. 
The protocol’s efficacy in reducing opioid requirements has the potential to mitigate symptoms of nausea (2/30, 6.67%), 
which, in the context of outpatient care, is a critical consideration given the limitations of antiemetic resources.

The rapid recovery time (time to meet PACU discharge criteria was 17.93±3.30 min) supports high-volume surgical 
workflows, with the potential to increase daily procedure capacity by 5–8 cases per operating room in day-surgery centers 
that perform large-volume surgeries.

The protocol’s alignment with ERAS and opioid-sparing goals is further evidenced by its exceptional respiratory 
safety profile. In this trial, no patients required airway escalation beyond basic maneuvers, eliminating the need for 
resource-intensive advanced airway management. It is possible that the esketamine-based MAC may offer advantages 
over propofol-based regimens in preserving airway integrity.33 This key advantage is crucial for maintaining workflow 
efficiency and safety in resource-limited ambulatory settings.

Collectively, minimal opioid use, avoidance of advanced airways, rapid recovery, and high patient satisfaction 
attributes establish the ED95-based regimen as a practical and scalable model for ambulatory hysteroscopy. This is 
particularly impactful in resource-constrained settings, such as primary hospitals or high-volume day-surgery centers.

Figure 3 Dose-response curve. 
Abbreviations: ED, the effective dose; ED50, the median effective dose; ED95, 95% effective dose; CI, confidence intervals.

Table 3 Recovery Quality After Anesthesia and Dose-Related Analysis

Linear Regression β Linear Regression p Spearman ρ Spearman p

Awakening time, min (Mean±SD) 5.13±2.49 25.07 0.23 0.23 0.22

PACU time, min (Mean±SD) 17.93±3.30 10.19 0.72 0.07 0.70

Discharge time, h (Mean±SD) 2.20±0.42 0.80 0.82 −0.01 0.94

Patients’ satisfaction (0–10), (median (IQR)) 9 (8–10) 8.82 0.30 0.19 0.31

Gynecologists’ satisfaction (0–10), (median (IQR)) 10 (9–10) 13.36 0.10 0.31 0.10

Abbreviations: PACU, post-anesthetic care unit; SD, standard deviation; IQR, interquartile range.
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Limitations and Future
This study has several limitations inherent to its design as a dose-finding trial. As with many studies employing Dixon’s 
sequential methodology, the single-center design and relatively small sample size may affect the generalizability of our 
results across diverse patient populations (eg, ASA III–IV, BMI >28 kg∙m−2), varying surgical stimuli, or different levels 
of operator experience. While this approach efficiently provided initial ED50/ED95 estimates, we explicitly recommend 
the ED95 of 0.39 mg∙kg−1 as the clinically applicable dose to ensure high efficacy in broader populations. Future multi- 
center studies with larger sample sizes are warranted to validate this dosing regimen in higher-risk patients and more 
complex hysteroscopic procedures.

The high incidence of transient dizziness (66.7%), while self-limiting and not observed to prolong PACU stay or 
diminish patient satisfaction in this cohort, warrants vigilant clinical monitoring to mitigate potential fall risks during 
early ambulation and ensure safe discharge readiness. Future comparative studies should incorporate patient-reported 
outcome measures to better quantify the impact of dizziness on perioperative experience.

A binary somatic response was selected as the primary endpoint for this dose-finding study because it provides an 
objective, reproducible, and clinically decisive measure of analgesic efficacy during the intense, transient stimulus of cervical 
dilation. Its unambiguous nature ensures reliable assessment across patients, directly influences surgical conditions, and is not 
confounded by the sedative effects of the anesthetic regimen. While the objective somatic response is a robust and clinically 
critical endpoint for dose-finding, reliance on it as a binary endpoint may underestimate subjective pain experiences, 
particularly in chronic pain or opioid tolerance populations. Notably, the reliable assessment of subjective pain is confounded 
by the level of sedation, as sedative medications alter mental status and compromise the validity of patient-reported outcomes. 
Therefore, it is necessary to incorporate validated pain scales to refine dosing further and perform multicenter validation of 
these doses in diverse populations, including those with obesity or chronic pain.

The future optimization of ambulatory hysteroscopy extends beyond pharmacological refinement to encompass both 
technological innovation and information management. The long-term goal remains the development of AI-driven pain 
monitoring systems34 for real-time esketamine titration. Concurrently, mitigating the risk of patient anxiety fueled by 
unreliable online content35 through curated education is equally critical. Addressing these dual challenges of objective 
assessment and subjective perception will be key to delivering a truly personalized anesthesia strategy.

Conclusion
This prospective dose-finding study establishes the ED50 and ED95 of intravenous esketamine (0.36 and 0.39 mg∙kg−1, 
respectively) for suppressing somatic responses to cervical dilation under a dexmedetomidine-remifentanil MAC regi
men. The ED95 dose provided effective nociceptive blockade while maintaining hemodynamic and respiratory stability, 
facilitating rapid recovery and high patient satisfaction aligned with ERAS. The principal trade-off was a high, yet self- 
limiting, incidence of dizziness, underscoring the need for proactive patient counselling. Although these data provide 
a validated dosing framework for esketamine in ambulatory hysteroscopy, external validation across broader patient 
cohorts and different clinical settings remains warranted.
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